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SUMMARY 

Four untreated female patients with the nonsalt-losing form of congenital virilizing adrenal hyperplasia 
(21-hydroxylase deficiency) (21-OHD) maintained on a daily sodium intake of 120 m-equiv were studied 
by bilateral adrenal vein catheterization. Simultaneous right and left adrenal and peripheral blood 
samples were collected for determination of cortisol (F), progesterone (P), 17-hydroxyprogesterone 
(17-OHP), aldosterone (Aldo), and deoxycorticosterone (DOC). All patients were studied during sequen- 
tial ACTH suppression (30 min after intravenous administration of 4 mg of dexamethasone) and stimu- 
lation (5 min after intravenous administration of 250 pg /l-ACTH [cosyntropin]). Basal peripheral con- 
centrations of Aldo, DOC, P and 17-OHP were increased, whereas F concentrations were in the lower 
limit of the normal range. Dexamethasone suppressed adrenal secretion in all subjects. Subsequent 
adrenal stimulation by ACTH increased P, 17-OHP and DOC, whereas F returned to only control 
levels. DOC responses to ACTH in the adrenal vein effluents correlated significantly with Aldo re- 
sponses but not with the 17-OHP increments, suggesting that the adrenal responses of Aldo and DOC 
to ACTH are events that probably occur in the same zone. 

INTRODUCTION 

Congenital adrenal hyperplasia due to the 21-hydrox- 

ylase deficiency (21-OHD) is an inherited error of 
steroid metabolism in which the enzymatic defect 
induces compensatory hypersecretion of ACTH in an 
attempt to restore cortisol (F) production to normal 
levels resulting in increased secretion of adrenal adro- 
gens and clinical virilism [ 11. Patients with this dis- 
ease exhibit a salt-losing tendency that is related to 
accumulation of F precursors progesterone (P) and 

17-hydroxyprogesterone (17-OHP) that have some 
natriuretic properties. This natriuretic challenge can 
be overcome by increased production of aldosterone 
in the simple virilizing forms of the disease [2], 
whereas salt-losers exhibit a reduced capacity to in- 
crease aldosterone production [3]. 

Two different theories have been proposed to 
explain the existence of these variants. One is the 
existence of only one enzyme defect in both the glo- 
merulosa and the fasciculata zones, with salt-wasting 

* Address correspondence to: Bernard0 L. Wajchenberg, 
M.D., Diabetes and Adrenal Unit, Hospital das Clinicas, 
University of SZo Paula School of Medicine, SHo Paula, 
Brazil. 

occurring as a function of the degree of deficiency [4]. 
A second suggests two enzymatic defects. For the salt 
losers, the 21-OHD would occur in both the glomeru- 
losa and fasciculata zones, whereas in the simple viri- 
lizing form the defect would occur predominantly in 
the zona fasciculata, sparing the zona glomeru- 
losa [ 5,6]. 

In the study reported herein, we examined the dy- 
namics of aldosterone (Aldo) and deoxycorticosterone 
(DOC) secretion in patients with the simple nonsalt- 
losing form of 21-OHD by simultaneously measuring 
these steroids in bilateral adrenal and peripheral 
venous blood. 

MATERIALS AND METHODS 

Four previously untreated female patients with the 
nonsalt-losing form of 21-OHD, 9-28 yr of age, were 
studied at the Diabetes and Adrenal Unit of the Hos- 
pital das Clinicas of SBo Paulo, Brazil. The studies 
were approved by the committee on human research, 
and informed consent was obtained from the patients 
or their parents and the control subjects. 

All patients ingested low sodium diets of 
c lOm-equiv supplemented by NaCl tablets to 
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Table 1. Laboratory and radiologic data for 4 patients with 21-hydroxylation deficiency 

Plasma rain actlvityg 

Age 
(Yr) 

Urinaryt 
Il.OHCS 

(m&/m’ per 24 h) 

Na intake (m-equivjday) 
<to I20 

Urmaryf ~ 
17.KS Supine 4 h-Standing Supine 4 h-Standing 

(w/24 h) (8 a.m.) (noon) (8 a.m.) (IlOOll) 

Venographx 
findings,, 

RAV LAV 

I 9 2.1 20. I 8.2 10.2 4.8 8.5 +++ ++ 
2 14 1.8 26.8 10.5 130 16 9.4 NL +++ 
3 28 3.1 52.6 15 6.0 0.5 I.2 ++++ ++++ 
4 I2 1.6 123.2 9.2 IO.6 8.0 15.9 ++ +++ 

* 17-OHCS = 17-hydroxycorticoids; 17-KS = 17-ketosteroids; RAV = right adrenal vein; LAV = left adrenal vein. 
t Normal values for children above 5 yr and adults, 2.4-5.0 mg/m’ per 24 h. 
$ Normal values for adults: males 7-23 mg/24 h (mean, 15 mg/24 h), females 5.8-17 mg/24 h (mean, 10.2 mg/24 h). 
$ Normal values: on 120 m-equiv Na intake/day, supine, 0.53 f 0.17 (1 SD) ng/ml per h, 4 h-standing (noon) 

1.30 + 0.80 ng/ml per h; on less than 10 m-equiv Na intake/day, supine 1.52 & l.O6ng/ml per h, 4 h-standing (noon) 
4.21 + 1.76ng/ml per h. 

I/ + to + + + + = normal (+) to degree of enlargement of adrenal gland. 

120 m-equiv sodium per day and 8GlOO m-equiv 
potassium per day for at least five days before test 
procedures were performed. Adherence to the diets 
was assessed by measuring sodium and potassium 
levels in 24-h collections of urine; serum sodium and 
potassium concentrations were within the normal 
range throughout the study. 

All subjects fasted overnight before blood samples 

were obtained. Percutaneous venous catheterization 
via the femoral vein was performed in the four 
patients; the catheters were placed in both adrenal 
veins between 8:OOa.m. and 9:30 a.m. Adrenal veno- 
grams were obtained to confirm correct catheter 
placement. This was followed by simultaneous venous 
blood sampling from the right and left adrenal efflu- 
ents and from a peripheral vein. To study the dy- 
namics of the adrenal steroids, all patients received a 
bolus intravenous injection of dexamethasone, 4.0 mg. 
Blood was obtained from both adrenal veins and a 
peripheral vein 30 min later. ACTH (cosyntropin, 
25Opg) was then immediately injected into a pheri- 

pheral vein, and the sampling procedure was repeated 
5 min later. DOC, Aldo, P, 17-OHP and F were 
measured in peripheral and adrenal venous samples 
obtained during suppression and stimulation tests. All 

steroids were measured by specific radioimmuno- 
assays after separation in 5 x 1 cm Sephadex LH-20 
columns [ 1,6]. Urinary 17-hydroxysteroids were 
measured by the method of Porter and Silber [7] and 
17-ketosteroids by the method of Drekter et al.[8]. 
Plasma renin activity (PRA) was measured after over- 
night recumbency and after 4 h of upright posture and 
was determined by radioimmunoassay of angiotensin 
I with assay material obtained from New England 
Nuclear (Boston, MA). 

RESULTS 

Urinary levels of 17-hydroxycorticosteroids and 
ketosteroids, PRA values, and venographic findings 
are summarized in Table 1. All patients were nonsalt 
losers during intake of 120 m-equiv sodium per day 

and conserved sodium within five days on a low salt 

intake. Patient 4 manifested a mild salt-losing tend- 
ency only during prolonged reduction of sodium 
intake to < 10 m-equiv/day. Patients 1, 2 and 4 had 
increased levels of PRA in both recumbent and 
upright postures during both low and normal sodium 
intakes regardless of posture. The degree of elevation 

seemed to correlate with the degree of 21-OHD evalu- 
ated by clinical and laboratory criteria. Patient 3, who 
had 21-OHD, PRA was within the normal range. 

Plasma concentrations of Aldo, DOC, P, 17-OHP 
and F in peripheral veins and adrenal venous effluents 
are summarized in Table 2 and Fig. I. Mean values 
for the right and left adrenal glands were similar. In 
the peripheral veins, basal concentrations of Aldo, 
DOC, P and 17-OHP were higher in the patients than 
in the normal subjects [6] and decreased after dexa- 
methasone and increased after ACTH administration. 
In both the right and left adrenal veins, the concen- 
trations of all steroids also decreased 30min after 
dexamethasone. Suppression of adrenal secretion was 
considered complete in 3 patients (Nos 1, 2, and 3) 
because the concentrations of steroids collected from 
the adrenal venous effluents did not differ from the 
respective simultaneous peripheral concentrations. 
Patient 4 exhibited partial suppression indicated by 
persistent gradients of concentrations of steroids 
between the adrenal venous effluents and the per- 
ipheral samples. ACTH stimulated adrenal secretion 
of all steroids, except F, in all patients to levels 
greater than control levels in both the adrenal efflu- 
ents and peripheral blood. In response to ACTH, F 
increased only to a level similar to the nonsuppressed 
control level in the adrenal effluents. 

In the 3 patients who had total adrenal suppression 
with dexamethasone (Nos 1, 2, and 3), we estimated 
the adrenal responsiveness to ACTH by the absolute 
increments in concentrations of the several steroids in 
the adrenal effluents compared with values in the sup- 
pressed state (A = Peak,,,, - Nadir,,,) (Figs 2 and 
3). Using both adrenal vein values for each patient, 
there was a significant and positive correlation 
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Fig. 1. Cortisol (F), progesterone (P), 17-hydroxyprogesterone (17-OHP) and mineralocorticoids (al- 
dosterone [Aldo] and deoxycorticosterone [DOC]) in peripheral and adrenal venous blood in 4 patients 

with 21-hydroxylase deficiency. 
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Fig. 2. Relationship between adrenal steroid precursors and mineralocorticoid increments (A) after 
intravenous administration of ACTH in the adrenal vein effluents during studies in 3 patients with total 

adrenal suppression with dexamethasone (Nos 1, 2 and 3)-A = Peak,,, - Nadir,,,. 
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A = PEAKACTH - NADIRDEX 

, RIGHT ADRENAL VEIN 

I LEFT ADRENAL VEIN 

0 2000 3000 4000 6000 n'>/ rr I A 170H-P 

Fig. 3. Relationship between cortisol (F) and 17-hydroxyprogesterone (17-OHP) increments (A) after 
intravenous administration of ACTH in the adrenal vein effluents in 3 patients with total adrenal 

suppression with dexamethasone (Nos 1, 2, and 3). 

between ADOC and AAldo (r = 0.94, P < 0.01, 

AAldo = -212.44 + 1.63 ADOC), AP and AAldo 
(r = 0.99, P < 0.01, AAldo = 266.63 + 1.42 AP). 
Although A17-OHP and AF correlated significantly 
(r = 0.98, P < 0.01, AF = -8.08 + 0.004 A17-OHP), 
Al7-OHP did not correlate with ADOC (r = 0.65, 
P > 0.05). Finally, the correlation between AP and 
ADOC was exponential, adjusted to the function 
ADOC = 891.115 (1 - e -0.0061 AP) by nonlinear 
least squares statistics. 

DISCUSSION 

Data presented in this report confirm previous 
references to the presence of increased circulating 
levels of Aldo in patients with the simple virilizing 

form of congenital adrenal hyperplasia 
(21-OHD) [2,6]. Our data also showed that endogen- 
ous ACTH represents a component in the mainten- 

ance of this state of aldosterone hypersecretion, as 
indicated by the reduction of its peripheral level and 
complete cessation of adrenal secretion in response to 
administration of dexamethasone in three of the 
patients. This, of course, does not imply that other 
stimulators of Aldo secretion, such as angiotensin II, 
are not involved in the control of Aldo secretion in 
this disorder. In fact, the frequent, but not always, 
finding of elevated levels of PRA in patients with 
21-OHD that increased further with upright posture 
suggests that angiotensin II is also involved in the 
maintenance of hyperaldosteronism [6,9, lo] despite 

S.R. 19/1(8)--Q 

the fact that Aldo and its precursors, DOC and 
18-hydroxycorticosterone (18-OHB), cannot be stimu- 
lated further by the increase in renin effected by 
upright posture [6]. 

Increased peripheral concentrations of Aldo are an 
indication that the adrenal gland can secrete this 
steroid. The Aldo response to ACTH, indicated by the 
increments to above control levels in the adrenal 
venous effluents, confirm that the 17-desoxy pathway 
in the zona glomerulosa is not only intact but can 
also be further stimulated to levels above control 
levels with pharmacologic amounts of ACTH. How- 
ever, this responsiveness is not necessarily normal [6]. 

On the other hand, F concentrations in peripheral 
blood were always in or below the lower limits of the 
normal range, indicating a reduced secretory capacity 
of the adrenal glands to maintain normal glucocorti- 
coid hormone secretion. This assumption is confirmed 
by the return of F levels in the adrenal venous efflu- 
ents in response to ACTH levels similar to control 
levels. In contrast, subjects without glucocorticoid 
disorders studied by Spark et al.[l l] had, after stimu- 
lation, a manifold increase above control levels in F 
concentrations in the venous adrenal effluents. In our 
patients, the elevated peripheral levels of 17-OHP, 
together with the dissociated responses of F and 
17-OHP in the adrenal venous effluents in response to 

ACTH, indicate that the 17-hydroxy pathway of the 
zona fasciculata in our patients is impaired due to the 
21-OHD and suggest that F production is at maximal 
capacity. 
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The zonal origin of DOC in our studies deserves 
further comment. This steroid is a precursor in the 
synthesis of mineralocorticoids in both the glomeru- 
losa and fasciculata zones. The peripheral control 

levels of the steroids in the mineralocorticoid path- 
ways in the patients with 21-OHD show two distinct 
patterns that give clues to the zonal origins of these 
hormones. In the presence of low and fixed plasma F 
concentrations, the plasma mineralocorticoid hor- 
mone levels were either extremely high (DOC, 
1%OHB and Aldo) or within normal limits (cortico- 
sterone [B] and 1%OHDOC) [6]. In addition, assum- 
ing 17-OHP and Aldo are markers of the zona fasci- 
culata and zona glomerulosa, respectively, the DOC 
responses to ACTH in the adrenal vein effluents cor- 
related significantly with Aldo responses but not with 
the 17-OHP increments. This may be considered as 
further evidence that the adrenal responses of both 
Aldo and DOC to ACTH are parallel events, prob- 
ably occurring in the same zone in patients with 
21-OHD. On the other hand, as expected, there was a 
significant correlation between F and 17-OHP re- 
sponses in the adrenal vein effluents, indicating that 
the F response to ACTH only started when the 
A17-OHP was >2000 ng/ml, a measure of the degree 

of 21-hydroxylation block in the zona fasciculata. The 
nonlinear correlation between AP and ADOC in the 
adrenal effluents is difficult to interpret but may re- 
flect the bizonal distribution of P associated with dif- 
ferently affected steroid pathways in 21-OHD and/or 
a reflection of the different hydroxylating enzyme kin- 
etics [ 163. 

National Heart, Lung and Blood Institute and AM-06415 
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