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SUMMARY 

Angiotensin II infusion at graded rates into sodium replete, normal male subjects caused marked 
increases in the plasma concentrations of l&hydroxycorticosterone and aldosterone. The magnitude 
of the increase was similar for each compound and plasma concentrations correlated closely with 
concurrent plasma angiotensin II concentration. No clear evidence of changes in the plasma concen- 
trations of the other aldosterone precursors, DOC and corticosterone, was obtained and levels of 
cortisol, 11-deoxycortisol and 18-hydroxy-DOC were unaffected by angiotensin II infusion. 

INTRODUCTION 

Aldosterone is synthesised in the adrenal zona glo- 
merulosa by a pathway which includes 1 l-deoxycorti- 
costerone (DOC), corticosterone and M-hydroxy- 
corticosterone [l]. DOC and corticosterone are also 
synthesised in the zona fasciculata, which is the main 
source of 18-hydroxy-DOC, 1 1-deoxycortisol and cor- 
tisol (Fig. 1). Sodium depletion raises the plasma con- 
centrations of 18hydroxycorticosterone [2,3] and 
aldosterone significantly in normal subjects, but has 
little effect on the circulating levels of other corticos- 
teroids [e.g. 4,5]. The response of aldosterone to 
sodium depletion is thought to be secondary to the 
increase in plasma angiotensin II concentration which 
also occurs at this time. Exogenous angiotensin II 
does indeed increase plasma aldosterone levels [6,7]. 

Previous studies of the locus of action of angioten- 
sin II in the biosynthesis of aldosterone have led 
to the conclusion that the octapeptide, like 
ACTI-I [8], acts early in the pathway [l]. Recently it 
has become possible to measure the concentrations 
of all the major corticosteroids in human peripheral 
plasma by means of gas-liquid chromatogra- 
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Fig. 1. Biosynthesis of corticosteroids, 

phy [2,9-111. This study describes an attempt to 
locate the effect of angiotensin II on adrenocortical 
biosynthesis by comparing the changes in plasma 
concentration of each corticosteroid mentioned above 
using these new techniques. 

SUBJECTS AND METHODS 

Seven normal male volunteers aged between 24 and 
39 years took a controlled diet for three days. Sodium 
content was adjusted to the taste of the individual 
and varied between subjects from 145 to 2OOmEq/ 
day. Potassium was also fixed for each subject, vary- 
ing from 71 to 108mEq/day between subjects. 

All experiments commenced between 08.00 and 
09.00 h with the subject recumbent and fasting. Intra- 
venous infusions of l-Asp NHz-5-Val angiotensin II 
in 5% dextrose were given at rates of 0, 2, 4 and 
8 ng/kg/min by means of a motor-driven syringe, each 
rate being continued for 1 h as previously de- 
scribed [7J Blood samples for the estimation of 
plasma angiotensin II [ 121 and corticosteroid 
[3,9-111 concentrations were taken from a vein in 
the opposite arm by means of an indwelling plastic 
cannula, just before the end of each infusion period. 
Plasma and urine electrolytes were measured by flame 
photometry. 

RESULTS 

The mean urine excretion of sodium and potassium 
for the 24 h prior to the infusion was 138.5 f 58.7 
(SD) and 73.8 + 35.6mEq respectively. Plasma 
sodium and potassium concentrations at the begin- 
ning of the infusion were 139.2 + 2.6 (SD) and 
4.2 f 0.2 mEq/l respectively. The relationships 
between the plasma concentrations of each corticos- 
teroid and their concurrent plasma angiotensin II 
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Fig. 2. Relationships between the plasma concentrations of angiotensin II and individual corticoster- 
oids. The lines are linear regressions. 

levels are shown in Fig. 2. Angiotensin II infusion 
markedly raised the concentrations of both lghyd- 
roxycorticosterone and aldosterone. Correlation coef- 
ficients were positive and highly significant in both 
cases. Correlation coefficients for the relationship 
between plasma angiotensin II concentration and the 
remaining corticosteroids failed to reach statistical 
significance (P < 0.05). 

DISCUSSION 

Although plasma corticosterone and cortisol con- 
centrations may respond to high rate angiotensin II 
infusion in the dog 113,141 there is no evidence of 
a similar effect in man 161. Plasma DOC [4,15], 
adrenal vein 18-hydroxy-DOC [S] and plasma 
1 1-deoxycortisol [ 161 are likewise unaffected. In the 
current studies, the relationships between the peri- 
pheral plasma concentrations of cortisol, 1 l-deoxy- 
cortisol and l%hydroxy-DOC and concurrent angio- 
tensin II concentrations were all inverse but did not 
achieve statistical significance (P < 0.05). The se- 
cretion of these corticosteroids is ACTH dependent 
and plasma levels would be expected to fall across 
the period of the experiment due to the normal diur- 
nal pattern of ACTH release. However, the possibility 
of inhibition of ACTH release by angiotensin II infu- 
sion [ 173 cannot be excluded. 

There was a direct but again insignificant correla- 
tion between plasma angiotensin II and DOC or cor- 
ticosterone levels. In addition to synthesis in the zona 
fasciculata, the zona glomerulosa contributes a signifi- 
cant but relatively small proportion of the total se- 
cretion [18]. It is possible that some stimulation of 
this latter component, which may show very small 
responses to sodium depletion [18], may have 
occurred but was either technically undetectable or 

alternatively partially compensated by a fall in the 
zona fasciculata contribution due to suppression of 
ACTH secretion via negative feedback action on the 
anterior pituitary. 

There was a positive and highly significant relation- 
ship between plasma angiotensin II and plasma aldos- 
terone concentration which confirms previous experi- 
ence [7,19,20-J The effects of angiotensin II on aldos- 
terone secretion have recently been reviewed [Zl] and 
there seems little doubt that the peptide is a major 
controlling factor in man. The effect of angiotensin 
II infusion on plasma 18-hydroxycorticosterone, not 
previously studied in man, was also positive and 
highly significant. The regression for steroid on log. 
plasma angiotensin II concentration was parallel to 
that for aldosterone on angiotensin II (Fig. 2), the 
ranges of concentration for the two corticosteroids 
being similar. Although not direct evidence, this is 
compatible with the conclusion that the angiotensin 
II-mediated increases in 18-hydroxycorticosterone 
and aldosterone are respectively cause and effect. 

Thus, of the steroid precursors of aldosterone, only 
the plasma concentration of the immediate precursor, 
18-hydroxycorticosterone, increases significantly. This 
information may throw some light on the locus of 
action of angiotensin II in the zona glomerulosa only 
if secretion, and therefore plasma concentration, is in 
direct proportion to adrenal tissue steroid concen- 
trations. If this is indeed the case, the results indicate 
that at least one point of action is prior to the 18-hyd- 
roxylation reaction (Fig. 1). However, the exact point 
between cholesterol and 18-hydroxycorticosterone 
cannot be established with certainty. In multienzyme 
biosynthetic pathways, substrate concentrations of 
enzyme catalysed reactions distal to the locus of 
stimulation, providing that the reactions are not rate 
limiting, need not necessarily increase. Thus, failure 
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to demonstrate clear increases in DOC and corticos- 
terone concentrations does not exclude the possibility 
that stimulation occurs prior to 21-hydroxylation as 
has previously been suggested [l]. However, the 
marked increase in 18-hydroxyco~icosterone levels 
may indicate that the final conversion to aldosterone 
is rate limiting and may require a different stimulus 
such as, for example, changes in potassium 
status Cl, 23). It would also seem probable that the 
rise in 18-hydroxy~rti~sterone secretion rate [22] 
and plasma concentration [Z, 31 following sodium 
depletion is secondary to the rise in angiotensin II 
concentration seen in this situation. 
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