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SUMMARY 

The sequential events leading to the final steroid pattern expressed in the untreated patient with 
17cc-hydroxylase deficiency syndrome (170HDS) is examined. Cessation of suppressive treatment of 
adrenocorticotropin (ACTH) in four patients with 17OHDS resulted in a reemergence of increased 
amounts of all the major mineralocorticoid hormones: deoxycorticosterone, corticosterone, 18-hydroxy- 
corticosterone (180HB), and aldosterone. An ACTH-dependent rhythm was established for all mineralo- 
corticoid hormones in the presence of a fixed renin system. A mechanism for suppression of aldosterone 
and elevation of 180HB in patients with 170HDS is proposed. Expansion of extracellular fluid by 
all mineralocorticoid hormones suppresses the renin system leading to reduction of aldosterone and 
180HB. Further suppression is envisaged through intra-adrenal retardation of 18-hydroxylation, but 
the final expression of elevated 180HB and reduced aldosterone levels is the combined result of the 
retained sensitivity of 180HB to ACTH and the impedence of K in the conversion of 180HB to 

INTRODUCTION 

The pattern of the steroids in the mineralocorticoid 

hormone biosynthetic pathway has been remarkably 
consistent in patients with the 17a-hydroxylase defi- 
ciency syndrome form of congenital adrenal hyper- 

plasia. Production of deoxycorticosterone (DOC), 
corticosterone (B), and 18-hydroxycorticosterone 
(180HB) is increased, but aldosterone secretion is sub- 
normal and the renin system is suppressed. Treatment 
with glucocorticoid hormones corrects the hyperten- 
sion and hypokalemia by reducing the levels of DOC 
and B to normal values and restores the renin and 
aldosterone system in almost all cases. Recent reviews 

of reported cases amply confirm these findings [ 1,2], 
but treatment often must be prolonged to effect these 
changes [2,3]. This report examines the sequential 
events that effect both the abnormal steroid patterns 
in patients with 170HDS and the correction of these 
events by suppression of adrenocorticotropin (ACTH) 
with glucocorticoid hormones. 

MATERIALS AND METHODS 

Patients 1 [4], 3, and 4 [S] of this report were 
reported previously in detail. Patient 2 was a 43-year- 
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old genotypic male (46XY) with a 20-year history of 
hypertension (up to 180/120mm Hg). A laparotomy 
in 1952 revealed no uterus; small ovid structures 
reported as “testes” and the clitoris were removed and 
a vagina was constructed. No axillary hair was 
present and pubic hair was sparse. During an earlier 
study after suspension of glucocorticoid therapy for 
two weeks, serum electrolyte values were Na 144.0, 
K 3.0, CO2 32.0, and Cl 100.0 mEq/l. and plasma 
steroid levels were elevated (Table 1); plasma cortisol 
was not detected. Three years ago, withdrawal of ther- 
apy for a longer period of time revealed the absence 
of 17-hydroxycorticosteroids and a urinary level of 
the 18-glucuronide of aldosterone of 4.0 fig/24 h (nor- 
mal range 4_17pg/24 h), but urinary levels of tetra- 
hydrodeoxycorticosterone and tetrahydrocorticoster- 
one were 165.7 pg/24 h (normal range 15-50 pg/24 h) 
and 964 @24 h (normal range 100-300 pg/24 h), re- 

spectively. Plasma renin concentration was 0.1 
ng/ml/h (mean normal values are 1.2 + 0.2 in the 
recumbent position and 3.0 + 0.6 in the upright 
position). 

In an attempt to study patients in the untreated 
state, glucocorticoid therapy was discontinued for two 
weeks in patients 1 and 2 and one week in patients 
3 and 4. All studies of patients 1 and 2 were per- 
formed in the Clinical Study Center at San Francisco 
General Hospital Medical Center while on a fixed 
electrolyte diet: 122 mEq Na/day and 6&80 mEq 
K/day. Blood and urine samples from patients 3 and 
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4 were obtained between 0800 and 1000 hours after 
ambulation while on an unselected diet and after 
fasting. 

Circadian rhythm after cessation of therapy for 2 
weeks was established in patients 1 and 2 by steroid 
measurements in blood samples that were drawn 
every 4 hours beginning with an overnight recumbent 
sample at 0800 hour. Normal postural activity was 
permitted throughout the day until 2200 hour. 

After completion of the circadian study, dexameth- 
asone, 0.50 mg, was administered orally at 2200 hour 
daily for 1 month in patients 1 and 2. Blood samples 
for steroid measurements were obtained on days 1 
and 30. 

In a separate study of patient 1 during a subsequent 
admission to the Centre, dexamethasone was discon- 
tinued for 2 weeks and then a single dose of l.Omg 
of dexamethasone was administered at 0800 hour and 
blood samples for steroid measurements were 
obtained at 1500 hour and 0800 hour the next morn- 
ing. 

Plasma steroids were measured by the radioim- 
munoassay techniques developed and/or performed in 
our laboratory: DOC [6], B 171, 180HB [8], and 
aldosterone (PAC) [9]. 

RESULTS 

Plusr~u steroids uffer suspension of g~uc5corticoid treat- 

ment 

All of the steroids of the major mineralocorticoid 
pathway were elevated in all four patients (Table 1). 
Plasma aldosterone concentration was unusually in- 
creased above normal values in all patients, whereas 
initial pretreatment production of aldosterone was 
virtually absent. 

Circadian r~yt~rn of plasma steroids @er cessation t# 

t~erupy for fwo weeks 

Mean plasma values for all steroids were elevated 
in the presence of a normal plasma renin concen- 
tration and moderate hypokalemia in both patients 
(1 and 2). The circadian rhythm for all steroids fol- 
lowed an ACTH rhythm with a peak between 0400 

Table 1. Plasma mineralocorticoid hormone levels in 
partially treated patients with 17-hydroxylase deficiency 

syndrome* 

Patient DOC B 180HB Aldosterone 
No. ingidl) (ng!dl) tng/df) ( ng/dN 

1 429.6 14500 358 51.6 
2 328.8 15100 386 19.2 
3 239.5 23000 79.0 
4 19.6 800 45.6 

Normal 4-16 100-310 9-30 4-14 
range 

* DOC = deoxycorticosterone; B = corticosterone; 
180HB = 18-hydroxycortieosterone. 

and 0800 hours and a nadir between 2000 and 0400 
hours in both patients. This rhythm also existed for 
PAC, whereas plasma renin concentrations remained 
fixed at normal levets with little variation throughout 
each 24-hour period [lo]. 

Circadian rhythm of plasma steroids after treatment 

with de~amethasone 

On day 1 after administration of 0.50 mg dexameth- 
asone at 2200 hour, mean plasma levels of DOC, B, 
and 180HB fell dramatically in both patients (1 and 
2), whereas PAC fell to subnormal values (Table 2). 
Plasma renin concentration fell slightly but was still 
within the normal range and remained relatively fixed 
throughout day 1. Serum K levels increased. This 
dose of dexamethasone did not restore all steroid 
levels to normal values in patient 2 except for PAC 
during the 24-h period. The normal circadian rhythm 
for all steroids was obliterated in both patients on 
day 1. 

On day 30 after daily administration of OSOmg 
dexamethasone at 2200 hour, plasma levels of all 
steroids were within the normal range in patient 1 
including the previously subnormal PAC (Table 2) 
although mean plasma renin concentration remained 
the same with a fixed circadian rhythm. Similarly, the 
circadian rhythm for steroids remained obliterated 
without any variation throughout day 30. Hyperten- 
sion was corrected. 

Table 2. Mean 24-h plasma steroid levels before and after daily administration of 050mg 
dexamethasone on days 1 and 30 at 2200 hours in two patients with 17.hydroxylase deficiency 

syndrome* 

Patient Day of DOC B LBOHB Aldo PRC K 
No. treatment tngidl) fngidl) (ng’dlt ( ng,‘dl I lng;ml,,h) (mEq/l.) 

1 Control 291.0 8100 337.0 2X.6 6.1 3.0 
Day 1 6.8 95 10.0 1.3 4.0 4.3 
Day 30 9.4 230 _. 13.1 4.0 4.0 

2 Control 250.0 12200 338.0 14.4 4.0 3.6 
Day 1 34.1 821 27.2 10.0 2.6 4.6 
Day 30 29.0 1600 4.9 2.2 4.4 

* DOC = deoxycorticosterone; B = corticosterone; 180HB = 18-hydroxycorticosterone: 
Aldo = aldosterone; PRC = plasma renin concentration: K = potassium. 
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In contrast, OSOmg dexamethasone daily for 30 
days did not normalize DOC and B in patient 2 even 
though it corrected the hypokalemia (Table 2). Hyper- 
tension was not corrected by day 30 in this patient 
(but blood pressure eventually became normalized 
with increased glucocorticoid therapy). The circadian 
rhythm of all steroids was also abolished by dexa- 
methasone therapy in patient 2. 

After administration of l.Omg dexamethasone at 
0800 hour following a 2-week suspension of therapy, 
DOC, B, and 180HB fell rapidly and profoundly in 
patient 1 and PAC was undetectable. By 0800 hour 
the next day, the return of the increased ACTH drive 
was apparent. 

DISCUSSION 

One of the consistent abnormalities in steroid pro- 
duction in 170HDS is the virtual absence of or sub- 
normal production of aldosterone. Two reports have 
suggested that there may be an additional defect in 
late aldosterone biosynthesis. This hypothesis is based 
on increased 180HB production [3,1 l] and continued 
suppression of aldosterone production during gluco- 
corticoid treatment [2,3]. There are three mechan- 
isms whereby aldosterone can be suppressed in this 
disorder. First, the mineralocorticoid hormones, prin- 
cipally DOC, effect Na retention and volume expan- 
sion and suppress the renin system [4,12]. Second, 
ACTH plays an intra-adrenal modulating role on the 
oxidases in the zona glomerulosa, possibly through 
steroid inhibition [ 133. Third, an associated deficiency 
exists in late aldosterone synthesis at methyl oxidase 
type I (18-hydrogenation) or methyl oxidase type II 
(l&dehydrogenation) or some other events occur that 
impede the final production of aldosterone. New 
patients reported recently by deLange et a/.[23 had 
a limited and delayed return of aldosterone produc- 
tion after adequate glucocorticoid therapy. Before one 
can infer a block in late aldosterone synthesis, pro 
longed treatment is required. This is not unlike the 
state of zona glomerulosa suppression after the remo- 
val of an aldosterone-producing adenoma in which 
adrenal refractoriness to the rising levels of renin can 
exist for up to 2 years [14, IS]. 

The normal major pathways of steroid biosynthesis 
and primary regulators are shown in Figure 1. After 
brief cessation of glucocorticoid therapy, the elevated 
levels of DOC, B, and 180HB were quickly reestab 
lished (Fig. 2). The finding of secondary hyperaldos- 
teronism is of great interest. The circadian rhythm 
for the steroids of the mineralocorticoid pathway 
have an ACTH-dependent rhythm [lo]. This occurs 
in the presence of normal but fixed plasma renin con- 
centration. Thus, aldosterone is modulated through- 
out a 24-h period by the secretion of ACTH. One 
may assume that the earliest event in the generation 
of steroid abnormalities is a general hypersecretion 
of all the hormones in the mineralocorticoid pathway 
of the zona glomerulosa and fasciculata as depicted 
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MINERALOCORTlCOlD HORMONES 

\ J 
Fig. I. Early events in steroidogenesis when adrenocortico- 
tropin suppression is withdrawn in patients with the 

17-hydroxylase deficiency syndrome. 

in Fig. 1. The initial drive of increased amounts of 
ACTH is to increase the production of DOC, B, 
180HB, and aldosterone. With an excessive amount 
of mineralocorticoid hormones, especially aldosterone 
and DOC, volume expansion and fixation and then 
suppression of the renin mechanism are likely to 
occur. This is one of the earlier phases whereby aldos- 
terone is suppressed (Fig. 2). 

The second important fact is related to “turn ofl” 
of aldosterone during continued administration of 
ACTH in man. During ACTH administration, a tran- 
sient increase in aldosterone production occurs, but 
production returns to control or slightly lower than 
control levels and finally to definitely subcontrol 
levels on cessation of ACTH [ 133. This unique effect 
of ACTH both in normal subjects on low salt diets 
and, particularly, in patients with an aldosterone-pro- 
ducing adenoma further establishes that this is an im- 
portant mechanism, and potential second phase, for 
turning off aldosterone and that it can occur in the 
virtual absence of the renin system [13]. It may take 
up to 7 days after cessation of ACTH treatment for 
the zona glomerulosa steroids to begin to respond 
to normal stimuli. The second phase in the suppres- 

MlNERALOCORTl~lD HORMONES IN 170 HDS 

PIIASE I 
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ALDOSTERONE 
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Fig. 2. Phase I in which increased amounts of adrenocorti- 
cotropin (ACTH) lead to excessive deoxycorticosterone, 
and corticosterone production. o Represents a retardation 
of final synthesis of mineralocorticoid hormone by ACTH. 
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MINERALOCORTICOID HORMONES IN 170HDS 

PHASE II 

\ 
ACTH DOC 

i! 
I 

Fig. 3. Phase 11 represents the proposed final pattern of 
mineralocorticoid production: a combination of renin sup- 
pression, adrenocorticotropin (ACTH) intra-adrenal effect, 
and possible potassium effect in the final synthesis of aldos- 

terone 0. 

sion of aldosterone production may then be an ad- 
ditional intra-adrenal effect of ACTH (Fig 3), as well 
as the continued gradual suppression of the renin sys- 
tem that occurs. At this point, both 180HB and aldos- 
terone production begin to diminish from their initial 

high production rates [16]. 
The final phase in the development of the entire 

steroid pattern is that while aldosterone production 
is suppressed, 180HB seems to preserve its high se- 
cretion rate or increases to a higher level. The urinary 

metabolite of 180HB has been measured and found 
to be increased in two patients with 170HDS [3, II]. 
Thus, with the addition of our two cases, 180HB was 

high in all four of the patients so studied. The ques- 
tion of the interpretation of the 180HB levels in this 

ng/dl 
200 

HOURS 

Fig. 4. The effect of the administration of l.Omg dexa- 
methasone at 0800 hours in plasma deoxycorticosterone, 
corticosterone, and 18-hydroxycorticosterone in untreated 
patients with IFhydroxylase deficiency syndrome. Aldos- 

terone levels were undetectable. 

disease rests to a great extent on the site of origin 
of 180HB. In a recent publication Ulich[ll] sug- 

gested that in patients with 170HDS the major source 
of 18OHB is the zona fasciculata on the basis of the 
ready suppressibility of 180HB with glucocorticoid 
hormones. However, recent observations support a 

common site of origin for both aldosterone and 
180HB. First, infusions of angiotensin II or angioten- 
sin III increased only 180HB and aldosterone in a 
similar manner [17]: the correlation between the log 
dose-response curve to angiotensin III and the levels 
of 180HB and aldosterone was extremely high. 
Second. chronic ACTH treatment in man produced 
the same transient increase in 180HB as in aldoster- 

one [17]; in fact, the ratio of the two throughout 

a 3-day treatment period remained remarkably the 
same and correlation between the two was highly sig- 
nificant. There was no correlation between these 

steroids and plasma cortisol during ACTH treatment. 
Thus, there is strong evidence for a common site of 
origin in the zona glomerulosa for both 180HB and 
aldosterone. Clinically, this was also manifested in a 
recent study in which 180HB was uniquely elevated 

in patients with an aldosterone-producing adenoma 
(Biglieri, unpublished observations) [17]. 

If both 180HB and aldosterone have a common 

origin in the zona glomerulosa, how does one explain 
the discrepancy between 180HB and aldosterone in 
the untreated state of 170HDS? In a study of patients 
with primary aldosteronism, there was a significant 
negative correlation between changes in K concen- 
tration and the 180HB: aldosterone ratio (Biglieri, un- 
published observations). Baumann and Muller[ 183 
suggested that K depletion plays a role in late aldos- 
terone synthesis; they observed that there is less con- 
version of tritiated B and 180HB to aldosterone in 
capsular adrenal glands of the rat than in K-repleted 

rats. Potassium depletion per se reduces aldosterone 
production. In patients with primary aldosteronism, 
reduction in serum K concentration increased the 

180HB:aldosterone ratio (Biglieri, unpublished 
observations). Thus, a final phase in the determina- 
tion of the steroid patterns observed may well be the 
crucial role of K depletion in establishing a functional 

impairment in the final dehydrogenation of 180HB. 
The sustained influence of normal amounts of ACTH 
and K depletion may thus be sufficient to establish 
a level of 180HB in the range observed. This is the 
range of 180HB that often occurs after infusion of 

small doses of ACTH and in the absence of a func- 
tioning renin system (Biglieri. unpublished obser- 
vations). Adrenocorticotropin under these conditions 
may be a major determinant of 180HB levels in 
patients with 170HDS. A marked sensitivity of 
180HB, DOC and B was demonstrated when a small 
dose of dexamethasone restored serum concentrations 
of these steroids to normal levels and virtually elimin- 
ated 180HB (Fig. 4). The total dependence of plasma 
aldosterone on the circadian rhythm of ACTH is ad- 
ditional evidence that ACTH plays a dominant role 
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in the early development of this disorder of the miner- 
alocorticoid pathway. The renin system apparently is 
fixed at different levels by the gradually increasing 
amounts of mineralocorticoid hormone. During treat- 
ment with dexamethasone, volume depletion, reduc- 
tion of ACTH levels, and gradual restoration of 
serum K concentration occur. The renin system 
gradually begins to function. The frequent initial fall 
of aldosterone that occurs after a single dose of dexa- 
methasone results solely from suppression of ACTH 
[l9]. The return to a more normal level of aldoster- 
one production results from reestablishment of the 
dominance of the renin system as the prime regulator. 
Whether or not the fixed renin system resumes a nor- 
mal circadian rhythm with response to the upright 
posture could not be determined from these studies. 
It did not return to a normal physiologic rhythm after 
a month of therapy at which time a balance seemed 
to have been struck between the renin system and 
the secretion of ACTH. 

Acknowledgements-Supported in part by U.S. Public 
Health Service Research Grants HL-11046 from the 
National Heart, Lung, and Blood Institute and AM-06415 
from the National Institute of Arthritis, Metabolism, and 
Digestive Diseases. The studies were carried out in the 
General Clinical Research Centers at San Francisco Gen- 
eral Hospital Medical Center (RR-00083) with support by 
the Division of Research Resources, National Institutes of 
Health. 

1. 

2. 

3. 

4. 

5. 

REFERENCES 

Biglieri E. G. and Mantero F.: The characteristics, 
course and implications of the 17-hydroxylation defi- 
ciency in man. In Research on Steroids, Vol. 5 (Edited 
by Finkelstein M., Jungblut P., Klopper A. and Conti 
Fi{_3cie&+ Editrice Universo, Rome (1973) pp. 

deLange W. E., LappShn R. E., Sluiter W. J. and Door- 
enbos H.: Prim&e Amenorrhoe und Hypokaliamie 
infolge 17alpha-Hydroxylase-Mangels. Dtsche Med. 
Wochenschr. 102 (1977) 1024-1028. 
Bricaire H., Luton J. P., Laudat P., Legrand J. C., 
Turpin G., Corvol P. and Lemmer M.: A new male 
pseudohermaphroditism associated with hypertension 
due to a block of 17a-hydroxylation. J. c/in. Endocr. 
Metab. 35 (1972) 67-72. 
Biglieri E. G., Herron M. A. and Brust N.: 17-Hydrox- 
ylation deficiency in man. J. c/in. Invest. 45 (1966) 
19461960. 

16. 

17. 

18. 

19. 

Biglieri E. G. : Plasma deoxycorticosterone concen- 
trations in the adrenal enzymatic deficiencies causing 
hypertension. In: Juvenile Hypertension (Edited by 
New M. I., Levine L. S.). Raven Press, New York 
(1977) pp. 171-176. 
Murphy B. E. P.: Some studies of the protein-binding 
of steroids and their application to the routine micro 
and ultramicro measurement of various steroids in 
body fluids by competitive protein-binding radioassay. 
J. clin. Endocr. Metab. 27 (1967) 973-990. 
Martin V. I., Edwards C. R. W., Biglieri E. G., Vinson 
G. P. and Bartter F. C.: The develooment and annli- 
cation of a radioimmunoassay for l8-hydroxy-corticos- 
terone. Steroids 26 (1975) 591-604. 
Mayes D., Furuyama S., Kern D. C. and Nugent C. 
A.: A radioimmunoassay for plasma aldosterone. J. 
c/in. Endocr. Memb. 30 (1970) 682-685. 
Biglieri E. G., Schambelan M., and Brust N.: The cir- 
cadian rhythm of plasma mineralocorticoid hormones 
in the l7-hydroxylation deficiency syndrome (abstr). 
Endocrine Sot. Program, 58th Annual Meeting, p. 247, 
(1976). 
Ulich S.: Diagnosis and nomenclature of the disorders 
of the terminal portion of the aldosterone biosynthetic 
pathway. J. din. Endocr. Metub. 43 (1976) 92-96. 
Goldsmith 0.. Solomon D. H., Horton R.: Hypo- 
gonadism and mineralocorticoid excess. The 17-hy- 
droxylase deficiency syndrome. N. Engl. J. Med. 277 
(1967) 673-677. 
Biglieri E. G., Schambelan M. and Slaton P. E.: Effect 
of adrenocorticotropin on desoxycorticosterone, cor- 
ticosterone and aldosterone excretion. J. clin. Endocr. 
Metab. 29 (1969) 109&1101. 
Conn J. W., Rovner D. R. and Cohen E. L.: Natural 
history of recovery of the renin-angiotensin system fol- 
lowing long-term suppression of aldosterone secreting 
tumors (abstr). Endocrine Sot. Progrum, 47th Annuul 
Meeting (1965) p. 60. 
Biglieri E. G., Slaton P. E. Jr, Silen W. S., Galante 
M. and Forsham P. H.: Postoperative studies of 
adrenal function in primary aldosteronism. J. c/in. 
Endocr. Metab. 26 (1966) 553-558. 
Fraser R., Lantos c. P.:’ l8-Hydroxycorticosterone: a 
review. J. steroid Biochem. 9 (1978) 27>286. 
Rost C. R., Schambelan M., Biglieri E. G.: Plasma 
18-hydroxycorticosterone (180HB) in man: evidence 
for origin in the zona glomerulosa (ZG) (abstr). C/in. 
Res. (in press) (1978). 
Baumann K., Muller J: Effect of potassium intake on 
the final steps of aldosterone biosynthesis in the rat. 
Acta Endocr., Copenh. 69 (1972) 701-717. 
Schambelan M., Brust N. L., Chang B. C. F., Slater 
K. L. and Biglieri E. G.: Circadian rhythm and effect 
of posture on plasma aldosterone concentration in pri- 
mary aldosteronism. J. din. Endocr. Metab. 43 (1976) 
11>131. 

ADDENDUM 

Mallin S. R.: Congenital adrenal hyperplasia second- 
ary to 17-hydroxylase deficiency. Two sisters with 
amenorrhea, hypokalemia, hypertension, and cystic 
ovaries. Ann. Intern. Med. 10 119691 69-75. 

The unpublished observations referred to in the Discus 
sion are now in press: Biglieri E. G., Schambelan M.: The 
significance of elevated levels of plasma l8-hydroxycorti- 
costerone in patients with primary aldosteronism. J. c/in. 
_, .- ._ 
onaocr. Mt?tm. m press. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

14. 

15. 


