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Although it is generally accepted that in con-
genital adrenal hyperplasia with virilism there is a
relative lack of certain hydroxylating enzymes
within the adrenal cortex (C-21 and C-11), the
ultimate proof is not as yet at hand. The evidence
supporting this hypothesis is based on several
types of data. A characteristically abnormal uri-
nary steroidal pattern has been found in patients
with congenital adrenal hyperplasia (1, 2). Since
these patients apparently metabolize exogenously
administered steroids in a normal fashion (3),
the basic defects in this disease must reside within
the adrenal cortex. The characteristic urinary
steroidal pattern has been approximated by the
administration of the cortisol precursors, 17-
hydroxyprogesterone and 21-desoxyhydrocorti-
sone, to hypoadrenal patients (1). Seventeen-
hydroxyprogesterone, rather than cortisol, has
been found to be the main steroidal constituent of
extracts from adrenal glands of patients with con-
genital adrenal hyperplasia (4). A submaximal
rise in the urinary and plasma 17-hydroxycorti-
costeroids has been observed as a result of ACTH
administration to these patients (2, 5, 6), indicat-
ing a relative inefficiency in the secretion of
cortisol.

All these data would support the hypothesis that
cortisol is synthesized with difficulty and that cer-
tain cortisol precursors accumulate in the adrenal
gland and escape into the circulation. However,
Cope has recently demonstrated in one patient
with this condition an increased cortisol secretion
rate, tending to cast some doubt on the above de-
scribed pathogenesis of congenital adrenal hyper-
plasia (7).
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An amphenone derivative, 2-methyl- 1,2-bis- (3-
pyridyl) -propanone (SU-4885), has become avail-
able which, when administered in the proper dos-
age to human subjects and experimental animals,
selectively inhibits 11/8-hydroxylation (8, 9).
Under these circumstances, 11-desoxyhydrocorti-
sone (Compound S) is produced in normal indi-
viduals in place of cortisol. In an attempt to shed
additional light on the underlying pathogenesis of
this disease, SU-4885 was administered to patients
with congenital adrenal hyperplasia.

METHODSAND MATERIALS

After adequate control periods of daily urine collec-
tions, 750 mg of SU-4885 was administered orally every
4 hours for 6 doses, and urine collections were contin-
ued for at least one day after the cessation of the drug
administration. Three normal individuals (A.F., M.N.
and D.M.) were used as controls, whereas three patients
with documented congenital adrenal hyperplasia, not re-
ceiving steroid therapy (E.B., D.P. and M.G.), were
given SU-4885 under identical circumstances.

For the study of C-21 urinary metabolites, aliquots of
the 24-hour urine specimens were hydrolyzed with p-glu-
curonidase,' 750 U per ml for 48 hours at pH 5.0, and
extracted twice with equal volumes of ethyl acetate. After
being washed with small volumes of 1 N NaOH and
distilled water, the extracts were dried, and portions
representing 1 to 4 per cent of the day's output were
applied to 1 inch wide strips of methanol-washed What-
man no. 3MMchromatography paper. Adjacent to each
1 inch strip a 0.5 inch marker strip was run, to which
had been applied the same extract in one-half the
amount. A parallel 1 inch strip carrying 25 ,ug amounts
of the appropriate standards was employed in each
chromatographic run. After being placed in a Bush B5
tank (10), the strips were equilibrated for 3 hours, and
the solvent was then allowed to run a distance of 40 cm
during about 2.5 hours. Equilibration and running were
both done at room temperature.

After the paper had been dried in room air for a
few minutes, steroids were located on the standard and
marker strips by treatment with blue tetrazolium (BT)
reagent. Parallel areas of the untreated 1 inch strip, rep-

lKetodase, Warner-Chilcott.
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resenting tetrahydrocortisol (THF), allotetrahydrocortisol
(allo-THF) and tetrahydrocortisone (THE) together
near the upper end, and tetrahydro-1 1-desoxycortisol
(THS),2 further down, were then cut out. These were
eluted chromatographically on a modified Haines device
(11), using three successive 7 ml washings of methanol:
ethyl acetate, 1: 1, from alternate corners of the strip;
the eluates were dried under air at 400 C in a test tube.

From most urinary extracts, THS emerged on chro-
matography as a rather diffuse and faint band at normal
concentrations. Therefore, further purification of this
steroid was carried out in all cases by rechromatography
of the appropriate eluate in a Bush B1 system (10), in a
manner similar to that described above, except that the
paper was usually over-run for 10 to 16 hours. Under
these conditions THS always separated out as a sharply
defined 1 to 2 cm wide band from a number of other
associated steroids, both positive and negative to BT,
as well as various nonsteroidal contaminants, including
metabolites of SU-4885. The THS was then eluted as
described and taken to dryness.

Quantitation of the steroids was carried out by means
of the Silber-Porter reaction (12). The dried eluates
were dissolved in varying amounts of absolute ethanol
and aliquots were taken so that concentrations (estimated
visually from the intensity of the BT spots) would re-
sult in similar final readings on the Beckman model DU
spectrophotometer. To each ethanolic solution was then
added twice its volume of a freshly prepared solution
of 32.5 mg recrystallized phenylhydrazine in 50 ml of
11.2 M H2SO4. In addition, a blank was run for each
eluate, consisting of identical amounts of the same
ethanolic solutions treated with double volumes of
11.2 M H2SO4 without phenylhydrazine. The samples
and their blanks, together with two reagent blanks con-
taining the ethanol-sulfuric acid mixture with and with-
out phenylhydrazine, were allowed to stand overnight
at room temperature. They were then read on the
spectrophotometer at 370, 410 and 450 mg. From the
readings obtained with the phenylhydrazine mixture, the
corresponding readings obtained with H2SO4 alone were
subtracted at all three wave lengths and the final quan-
tities were calculated by use of the Allen correction'
(13) in comparison with known standards of THE and
THS, both of which were run through the final color
reaction.

Experience with this method has shown consistent
recovery figures averaging 90 per cent, when one chro-
matographic step was used, and 80 per cent, when there
were two chromatographic steps; these corrections were
therefore applied to the final figures. Excellent ap-
proximation of the pure Silber-Porter spectrophoto-
metric curve was noted in every case after subtraction of
the sulfuric acid blank, and in most cases before sub-

2THF, 3a,li,8,17a,21-tetrahydroxy-pregnan-20-one;
allo -THF, 3a, 118, 17a,21 -tetrohydroxy-allopregnan-20-
one; THE, 3a,17a,21-trihydroxy-pregnane-11,20-dione;
THS. 3a,17a,21-trihydroxy-pregnan-20-one.

traction as well, so that the use of this blank made
little difference to the final Allen-corrected value.

Identification of the measured group of cortisol metab-
olites was not carried out beyond establishing the iden-
tity of Rf values with those of standards, plus appropri-
ate reactions to UV light, BT, and Silber-Porter re-
agents; the last of these, as used here with individual
blanks and readings at three wave lengths, constitute
a reasonably good test of specificity for the presence
of a 21-hydroxyl group in a dihydroxyacetone configura-
tion. Criteria for the identification of THS, in addi-
tion to those mentioned above, included in all cases
the identity of Rf in a second chromatographic system,
plus in most cases the preparation and chromatography
of a bismuthate oxidation derivative which was Zimmer-
mann positive and had a mobility identical with that of
etiocholanolone. In addition, from one 24-hour urine
after SU-4885 administration, following multiple paper
chromatography, several milligrams of a substance were
crystallized which had an infrared spectrum identical with
that of authentic THS, and a melting point of 184 to
1860 C, which agrees closely with that of 184 to 185° C
reported for THS by Eberlein and Bongiovanni (14).

It should be noted that values for the THF, allo-THF,
THE group are expressed in terms of a THE standard,
and those for THS in terms of a THS standard. Em-
ploying the Silber-Porter reaction as described, it was
found that THS has a chromogenicity which is 80 per
cent that of THE.

The 17-ketosteroids and total ketogenic steroids were
determined by the method of Norymberski, Stubbs and
West (15). Pregnanetriol 3 was analyzed by the Bon-
giovanni and Eberlein technique (16), evidence for the
specificity of which has been discussed by the authors.

RESULTS

Normal subjects. The administration of SU-
4885 to normal subjects resulted in a marked in-
crease in the urinary ketogenic steroids, reaching
maximal levels in the 24 hours following the ad-
ministration of the drug. Consequently, urines
collected during this period were chosen for
steroidal analysis (Table I).

Chromatographic analysis of the cortisol me-
tabolites revealed control values similar to those
reported by others (17, 18). The control values
of THS, however, are somewhat higher than have
been noted previously (19). After SU-4885 ad-
ministration the cortisol metabolites were con-
siderably reduced, and THS increased to levels
as high as 20 mg per day. Jenkins and co-work-
ers (20) have noted a similar rise in urinary
THSwhen SU-4885 was given to normal subjects.

A modest increase in urinary pregnanetriol
3 Pregnane-3a,17a,20a-triol and related isomers.
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TABLE I

C-21 urinary steroids before and after SU-4885 administration in patients with congenital adrenal hyperplasia
and in normal controls

Tetrahydro F,
Total 17-ketogenic allotetrahydro F,

steroids and tetrahydro E Tetrahydro S Pregnanetriol

Before After Before After Before After Before After

mg/day mg/day mg/day mg/day
Normal controls D. M. 9 10.5 24 1.7 0.70 0.071 10.3 1.9 5.8

M. N.cdl 10.7 49 5.4 2.8 0.077 20.0 3.9 14.2
A. F. c? 13.3 27 3.3 2.6 0.14 14.0 2.0 5.8

Congenital adrenal D. P. 9 46 240 1.3 1.0 * 1.8 54 220
hyperplasia patients E. B. c 21 122 2.2 0.52 * 5.5 15 99

M. G.9 61 300 2.2 1.4 0.12 5.6 45 250

* Because of the very small amounts of THSjudged to be present in these specimens (<40 ,ug per day), rechromatog-
raphy and quantitation were not carried out.

values was also noted after SU-4885 treatment
(Table I).

The urinary excretion of 17-ketosteroids rose
variably following the administration of SU-4885
(Table II).

Patients with congenital adrenal hyperplasia.
During the control period, decreased to normal
amounts of THE, THF and allo-THF could be
detected in the urine of all three patients with
congenital adrenal hyperplasia. On the other
hand, the pregnanetriol values were consistently
elevated (Table I), accounting in large part for
the elevated ketogenic steroids manifested by these
patients during the control period.

Administration of SU-4885 to these three pa-
tients resulted in a considerably greater increase
in the total urinary ketogenic steroids than was
found in normal subjects. Although an increase
in THS occurred in this group, it was of much
smaller magnitude than that observed in the
normal group and constituted only a relatively
minute share of the total ketogenic steroids. The
bulk of the ketogenic steroids was found in the

TABLE II

Total urinary 17-ketosteroids before and after SU-4885*

Subject Before After

Normal controls A. F. c 7.0 9.4
D. M.9 2.8 7.3
M. N. e 13.7 26.5

Congenital adrenal D. P. 9 21.4 48.6
hyperplasia patients E. B. 6" 32 50

M. G.9 45 91

* Milligram per 24 hours.

pregnanetriol fraction. Diminished excretion of
the metabolites of cortisol was also noted, simi-
lar to that seen in the normal controls. The uri-
nary 17-ketosteroids rose in all patients following
SU-4885 administration (Table II).

DISCUSSION

Liddle and associates (8) and Jenkins and as-
sociates (9) have previously shown that the
amphenone derivative, SU-4885, can cause a
specific inhibition of 11,8-hydroxylation within
the adrenal cortex, resulting in the secretion of
Compound S instead of the usual secretory prod-
uct, cortisol. Since Compound S is only a weak
inhibitor of the anterior pituitary, the latter se-
cretes increased amounts of ACTH, stimulating
the adrenal cortex to synthesize quantities of
Compound S and other 11-desoxycorticosteroids
in considerable excess of the normal secretion of
cortisol. This is reflected in the finding of ele-
vated urinary ketogenic steroids, of which the
major components in normal subjects are metabo-
lites of Compound S instead of the usually occur-
ring metabolites of cortisol.

Although the urinary ketogenic steroids rise in
both groups of individuals after the administra-
tion of SU-4885, the component urinary metabo-
lites are quite different in congenital adrenal hy-
perplasia from those found in normal subjects.
In the latter group, THS is present in large quan-
tities; in the former group the main urinary
metabolite is pregnanetriol, a degradation product
of 17a-hydroxyprogesterone.

It had previously been postulated that in con-
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genital adrenal hyperplasia the two main adrenal
C-21 secretory products were 17-hydroxyproges-
terone and 21-desoxyhydrocortisone (1). With
inhibition of 11,8-hydroxylation induced by SU-
4885, the production of the latter steroid is re-

duced, as well as that of cortisol, and the major

C-21 steroid secreted is 17-hydroxyprogesterone.
Thus, when 11,8-hydroxylation is inhibited

chemically, the normal individual secretes Com-
pound S, whereas the patient with congenital
adrenal virilism secretes principally 17-hydroxy-
progesterone. These data confirm the hypothesis
that at least one of the enzymatic defects in con-

genital adrenal hyperplasia is at the C-21 hydroxy-
lating position.

It is of interest the SU-4885 causes a defect in
the normal adrenal biosynthetic pathways similar
to that postulated by Eberlein and Bongiovanni as

occurring in the hypertensive form of adrenal
virilism, namely, a relative lack of 11,8-hydroxyla-
tion (14).

The finding, in patients with congenital adrenal
hyperplasia, of tetrahydro derivatives of cortisol
whose amounts overlap the normal range has been
reported previously (21, 22) and does not ex-

clude a relative defect in 21-hydroxylation as the
basic mechanism of the disease.

The present studies demonstrate in all patients
an ample pituitary reserve of ACTH; following
its release, adrenal reserve capacity to form cor-

tisol precursors is exhibited to a marked degree,
as measured by the rise in the already elevated
pregnanetriol values. Thus long continued pitui-
tary-adrenal overactivity apparently does not di-
minish, and may conceivably even enhance, the
responsiveness of this system to additional stimu-
lation. The limiting factor in the congenital
adrenal hyperplasia group lies in the 21-hydroxy-
lation system, where a definitely subnormal re-

sponse to SU-4885 administration occurs.

SUMMARY

1. Three patients with congenital adrenal hy-
perplasia and three normal subjects were treated
with 2-methyl- 1,2- bis- (3-pyridyl) -propanone

(SU-4885), a synthetic inhibitor of 1 1,8-hydroxyla-
tion in the adrenal cortex. By causing the forma-
tion of 1 1-desoxysteroids which lack pituitary-
inhibiting properties, SU-4885 indirectly stimu-

lated pituitary release of ACTH, and therefore
all subjects demonstrated increased excretion of
urinary ketogenic steroids and 17-ketosteroids.

2. Individual urinary C-21 steroidal metabolites
were separated chromatographically and quanti-
tated, before and after SU-4885 administration.
Cortisol metabolites decreased in the normal sub-
jects in response to SU-4885 and were replaced by
large amounts of tetrahydro S, a metabolite of 11-
desoxyhydrocortisone. In the adrenal hyper-
plasia group, initially low levels of cortisol metab-
olites declined still further after SU-4885; tetra-
hydro S appeared, but in much smaller amounts
than in the normal subjects. Pregnanetriol, how-
ever, rose strikingly after SU-4885 from initially
elevated values in the hyperplasia group.

3. In addition to demonstrating a considerable
pituitary-adrenal reserve, these data are inter-
preted as providing further evidence of a relative
defect of 21 hydroxylation in congenital adrenal
hyperplasia.
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