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This is a report on a series of 13 women with
hirsutism who have been studied with regard to
the isolation, characterization and quantitation of
their major urinary ketosteroid metabolites. No
attempt was made to select the subjects on any
basis other than obvious excessive hair growth.
By the methods employed (1, 2), it has been pos-
sible to demonstrate the existence of a specific
quantitative alteration in the steroid production
of these hirsute women which, as a group, distin-
guishes them from normal women. The direction
and character of this alteration permits the con-
clusion that in these subjects there was an ex-
cessive elaboration of adrenal steroid hormones.
Correlation of the presence of hirsutism with
known pathways of steroid metabolism in man
leads to the interpretation that this excessive hor-
monal production was in larger measure the adre-
nal androgen.2 A relationship may then exist be-
tween a particular type of cortical hyperfunction
and hypertrichosis in certain of these women.
This conclusion confirms and extends that reached
previously in a detailed study of a single patient
(3).

Four women with hirsutism, in whom it was
later possible to establish the diagnosis of the
Stein-Leventhal syndrome, are included in this
study. The results of these women were taken
into account because the sole criterion of patient
selection was hirsutism and there was no doubt
about this feature. Since the diagnosis of Stein-

1 This investigation was supported in part by a grant
from the American Cancer Society and research grants
(CY-3207 and C-925) from the National Cancer Insti-

tute of the National Institutes of Health, United States
Public Health Service.

2 The term "adrenal androgen" is a convenient desig-
nation for the steroid hormone (or hormones) produced
by the adrenal and metabolized predominantly to andros-
terone and etiocholanolone. The chemical nature of this
component of the adrenal secretion is under active in-
vestigation in these laboratories.

Leventhal syndrome was unequivocally established
only by direct examination of the ovaries, these
patients would have been classified as exhibiting
hirsutism of undetermined cause if they had not
been subjected to laparotomy. Since adrenocorti-
cal hyperfunction was evident in each, the results
may be considered to support previous speculation
concerning the role of the adrenal cortex in the
expression of certain of the clinical manifestations
of this disorder (4-6).

SUBJECTSANDMETHODS

Thirteen consecutive women seen in the Endocrine
Clinic of Memorial Hospital with the problem of hirsu-
tism were studied. They are identified by initial and
age. The following urine collections were studied:
P17, a 10 day control; L21, a 5 day control and a 1 day
period representing the second day of administration of
cortisone, 75 mg. per day; G24, a 3 day control and a
5 day period on cortisone administration, 50 mg. per day;
S24, a 7 day control and a 1 day period representing the
second day on hydrocortisone, 120 mg. per day; C25, a 5
day control; B25, a 5 day control; K28, a 5 day control;
A28, a 2 day control; R32, a 10 day control; C32, a 12
day control; M45, a 1 day control; M50, a 5 day con-
trol and a 5 day period representing the last half of a
10 day period on cortisone, 100 mg. per day; M62, a
9 day control and a 4 day period representing Days 6
through 9 on cortisone, 75 mg. per day. Two normal
young women [Subjects M22 and W25 from a previous
investigation (2)] received 50 mg. of cortisone daily for
6 days.

All patients were referred for study because of long-
standing generalized hirsutism of undetermined cause.
Breast development was variable but there were no pro-
nounced alterations of body habitus in any subject.
There was moderate clitoral enlargement in several but
external genitalia were otherwise normal. Sterility was
not a problem in the several married patients studied.
Significant disturbances of the menstrual pattern oc-
curred in only four subjects, P17, L21, S24 and C25.
These women complained of severe oligomenorrhea or
prolonged periods of amenorrhea. Clinical study here
and elsewhere failed to disclose a discrete lesion as a
basis for hirsutism in any patient. Because of sug-
gestive clinical features including elevated steroids this
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FIG. 1. PRODUCTIONOF ANDROSTERONE(A) AND ETIOCHOLANOLONE(E) BY HIR-
SUTE WOMENCOMPAREDWITH AVERAGEVALUES OF NORMALWOMEN

study included laparotomy in P17, 121, G24, C25, A28,
M45 and M50, in order to eliminate the possibility of
adrenal or ovarian tumors. An autopsy examination was

performed on M62, who died some time after study.
Adrenals and ovaries were felt to be grossly or micro-
scopically normal in all subjects except P17, L21, S24
and C25. In these four women, bilaterally enlarged
polycystic ovaries were found similar to those described
by Stein and Leventhal (7).

Urine collections were complete as judged by the
daily creatinine excretion. As soon as practicable after
collection the urinary conjugates were hydrolyzed with
enzyme and acid according to Method E (2). Prepara-
tion of a and p ketonic subfractions was done as pre-

viously described (1). The separation of individual
components was accomplished exclusively by paper chro-
matography (2), with identification by means of infra-
red spectrometry where necessary. The values for each
compound are corrected from equivalents of dehydroiso-,
androsterone to mg. of the substance measured. Results
for each compound are shown in mg. per 24 hours. The
average values for normal women are calculated from
data published previously (2), which have been confirmed
by current studies both as to the range of values re-

ported as well as the depression in 11-desoxy-17-ketos-

teroids with age. The following abbreviations are used:
A for 3a-hydroxyandrostane-17-one (androsterone); E
for 3a - hydroxyetiocholane - 17 - one (etiocholanolone);
OH-A for 3a,llp-dihydroxyandrostane-17-one; OH-E
for 3a,11,8-dihydroxyetiocholane-17-one; 11 = OE for 3a-
hydroxyetiocholane-11,17-dione; D for 3f8-hydroxy-A'-
androstene-17-one (dehydroisoandrosterone).

RESULTS

Figures 1 and 2 show the values for each of the
isolated steroids from the hirsute women and av-

erage values for normal women below and above
40 years of age. Production of A and E by hir-
sute women in every case exceeded that of normal
women of comparable age; in most instances the
amounts were comparable to those found in nor-

mal men (Figure 3). Considered as a group, the
production of A plus E in the hirsute women was

more than three times that of the average of the
normal women of all ages. The average produc-
tion of A plus E by the hirsute group below 40
years of age was two and one-half times that of the
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Extended methodological surveys indicate that
this is not the result of error in technique but the
reason for the scatter in results is not understood.
There is no obvious correlation between the
amount of D and either the 11-desoxysteroids or
the 11-oxygenated metabolites.

There was, in general, increased production of
11-oxygenated metabolites by the hirsute women
but of a definitely smaller magnitude than that
found with the li-desoxysteroids. Thus, OH-E
and 11 = OE (which are considered to be derived
principally from hydrocortisone) were 50 per cent
higher than the level characteristic of normal
women; OH-A (which is only a minor product of
hydrocortisone metabolism) was 80 per cent higher
than the normal level.

NORMAL HIRSUTE NORMAL
WOMEN WOMEN MENBELOW

22-62YRS. 17-62 YRS. 50 YRS.
FIG. 3. RANGEOF VALUES FOR ANDROSTERONEPLUS

ETIOCHOLANOLONE(A PLUS E) FOR HIRSUTE WOMEN
COMPAREDWITH NORMALMENAND WOMEN

average for the normal women in this age cate-
gory. The increases in these compounds were

variable, ranging from the minimal alterations
shown by R32 to the pronounced elevations found
with Subjects G24, S24, and K28.

The values for dehydroisoandrosterone (D) are

in Figure 2. There is a greater variability in the
excretion of this compound by both normal and
hirsute subjects than there is with any of the 11-
oxygenated adrenal metabolites.
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FIG. 4. EFFECT OF CORTISONE AND HYDROCORTISONE
ON THE PRODUCTIONOF ANDROSTERONE(A) AND ETIO-
CHOLANOLONE(E) BY HIRSUTE WOMEN
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The effect of exogenous cortical steroid on the
production of 11-desoxyketosteroids of the hirsute
women is shown in Figure 4. There was a sig-
nificant decrease in the production of these com-

pounds by all subjects. The effect of cortisone
administration on A and E production in two
normal young women is shown in Figure 5. The
results charted are for the third day of cortisone
feeding; there was no material alteration in these
values by the sixth day.

DISCUSSION

Examination of the individual urinary steroids
revealed quantitatively significant alterations from
a normal pattern in each of the hirsute women
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studied. This excessive steroid production is of
considerable interest since all of the subjects pre-

sented hirsutism but were an otherwise quite
heterogeneous group. The detailed results were

to a certain extent foreshadowed by scattered re-

ports that "ketosteroids" are sometimes elevated in
simple hirsutism (8). Separation of the indi-
vidual components of "ketosteroids" as in this
study, however, permits a specific and plausible
interpretation of the endocrine aspects of this dis-
order. It is emphasized that hirsutism was the
only criterion of patient selection. The inclusion
of four patients with a later established diagnosis
of the Stein-Leventhal syndrome was, in this re-

spect, fortuitous.
The principal steroid alteration demonstrated

was an elevated production of androsterone and
etiocholanolone (A and E). Each of the hirsute
women produced abnormally large amounts of
these two substances when compared with women

of commensurate age; indeed, the amounts found
equaled the production of these steroids by young

normal men. The significance of this fact is ap-

parent when it is considered that in addition to a

probable sex difference in adrenal function, the
male gonad definitely contributes a portion of
these metabolites.

These observations on steroid production by
hirsute women lead necessarily to a consideration
of the source, nature and biological properties of
the endogenous precursors of these steroids. The
evidence is substantial that in women as well as

in men the adrenal cortex elaborates the principal
precursors of the urinary metabolites studied (2,
9). Among the various facts that can be cited
for the adrenal origin of the hormones which are

metabolized to A and E the following are perti-
nent: 1) Castrated men and women with intact
adrenals continue to produce both A and E (9).
These two metabolites, however, are not found in
the urine of adrenalectomized and castrated hu-
man patients. 2) Womenand men markedly in-
crease the production of A and E when stimulated
with adrenocorticotrophic hormone (ACTH) (2,
10). 3) Normal men and women who have re-

ceived suppressive doses of cortisone exhibit a

significant diminution in these metabolites (10).
All these are explicable only in terms of an adreno-
cortical origin of the hormones that give rise to
A and E. With specific reference to the origin of

A and E in the hirsute women examined in this
study, the adrenal cortex is demonstrably involved
since a fall in production of these compounds to
levels observed in normal nonhirsute women was
readily achieved with cortisone or hydrocortisone
(Figures 4 and 5). The suppression of adrenal
activity by cortisone or hydrocortisone administra-
tion showed that the hypersecretion of androgen in
these women was under pituitary control but
whether the adrenal was hypersensitive or the
ACTH production was excessive is neither evi-
dent nor is it relevant to the conclusions drawn
from this study. It should be noted, however, that
depression of adrenal function by exogenous ster-
oid occurred in the Stein-Leventhal syndrome
(L21, S24) contrary to previous report (11).

From the considerations outlined it may be as-
sumed that the elevated level of A and E in the
hirsute women reflected the existence of adreno-
cortical hyperfunction. The nature of this ex-
cessive adrenal secretion can be described in the
following terms. The steroid metabolites isolated
in abnormal amount were the same compounds
that result from the metabolic transformation of
known androgens such as A4-androstene-3,17-
dione, dehydroisoandrosterone or testosterone
(12-14). Similarly, the principal clinical fea-
ture in these womenwas unmistakably androgenic.
Thus both the clinical evidence and the chemical
structure of the metabolites are compatible with
the interpretation that the adrenocortical secre-
tion in these subjects was characterized by an ex-
cessive production of adrenal androgen.

There were other chemical manifestations of
adrenal hyperactivity, evidenced by an elevated
production of C19-1 1-oxygenated steroids in sev-
eral women. In this latter group, together with
the increased hydrocortisone metabolites 11 = OE
and OH-E, most exhibited abnormal amounts of
OH-A, a steroid metabolite of 11,8-hydroxy-A'-
androstene-3,17-dione (15) which is present in
human adrenal vein blood (16). This latter sub-
stance is itself weakly androgenic. Thus, the in-
creased adrenal function was not limited to metab-
olites of 11-desoxysteroid hormones even though
this class showed the greater elevation.

The demonstration of adrenocortical hyperac-
tivity in four womenwith the Stein-Leventhal syn-
drome is of considerable interest. Previous at-
tempts to study alterations in the adrenal secre-
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tion in this disorder (17) must be reviewed in the
light of advances in steroid analysis which permit
the recognition of less overt derangements in glan-
dular physiology than are possible by the ordinary
clinical assay of neutral "17-ketosteroids." It
seems likely that more detailed steroid analyses of
the type employed in the present study would re-
veal significant hormonal alterations in a number
of these women. Indeed, these biochemical obser-
vations, together with the association of polycystic
ovaries with frank adrenal disease (4, 18) and the
frequent occurrence of hirsutism in the Stein-
Leventhal syndrome (19), suggest that altered
adrenal function, as described here, might be a
significant or even primary influence in this
disorder.

Accumulated evidence has led to the interpreta-
tion that the secretion of the adrenal cortex in the
human contains at least two major groups of
steroid hormones, either of which can be sup-
pressed or stimulated without material effect upon
the other. The experimental basis for this con-
clusion has been summarized (20, 21). In terms
of this hypothesis, the biochemical lesion defined
by these studies of hirsute women is an adrenal
hyperfunction largely limited to the adrenal an-
drogen; hyperactivity of the biosynthetic mecha-
nisms leading to hydrocortisone production, on
the other hand, is only a minor feature of this syn-
drome. If it be granted that increased produc-
tion of A and E has been demonstrated in this
study, it may appear mildly surprising that this is
not accompanied by an increased secretion of hy-
drocortisone and chemically related hormones.
Quite apart from the hypothesis presented above,
however, the physiological consideration must be
borne in mind that these hirsute womendo not ex-
hibit signs and symptoms of Cushing's syndrome.
If the adrenal hyperfunction were other than the
unilateral type proposed, it would necessarily fol-
low that some evidence of hydrocortisone excess
would be manifest clinically. That this is not
generally the case -may be considered confirmatory
evidence for the explanation advanced.

The biochemical-clinical correlation described in
these patients with hirsutism is suggestive of a
causal relationship between the abnormal adrenal
secretion and the hypertrichosis. Indeed, if the
metabolic fate of the adrenal androgen were simi-
lar to that of testosterone in man (12, 22), the ex-

cessive secretion in these subjects would bring
their hormone production into the range of normal
males. Such hormonal influence operating con-
stantly over a prolonged period of time seems en-
tirely capable of stimulating and supporting the
hypertrichosis in these patients. It is apparent
that the unknown biologic potency of the adrenal
androgen, and the variety of factors, including
genetic ones, that might influence tissue response
to hormonal stimulation, are considerations of im-
portance in the interpretation of these data. More-
over, despite the uniformity of the observations
in this study it is not certain that the hormonal
aberration demonstrated will invariably be evident
in all women with idiopathic hirsutism since ex-
trahormonal influences must be variable and com-
plex. Nevertheless, the observations described in
this report are definitive of significant adreno-
cortical hyperfunction and indicate the existence
of an important influence on the growth of hair
in a considerable number of these patients.3

SUMMARY

A detailed examination of the urinary steroids
was made in 13 women with hirsutism, including
4 with associated clinical and pathological findings
typical of the Stein-Leventhal syndrome. Exces-
sive production of two adrenal hormone metabo-
lites, androsterone and etiocholanolone, was noted
in all subjects together with a lesser but significant
elevation in the metabolites of 11-oxygenated
hormones.

In the light of previous knowledge concerning
the source and physiologic character of the hor-
monal precursors of these metabolites, it can be
presumed that the steroidal aberration manifest
in these women was a relative hypersecretion of
androgenic hormone, or hormones, from the adre-
nal' cortex. A significant relationship is strongly
implied between the excess production of adrenal
androgen and the hypertrichosis in these women.

SSince this manuscript was submitted, Perloff, Hadd,
Channick, and Nodine (23) have reported studies of ster-
oid excretion by hirsute women similar to those described
in the present communication. Their conclusions con-
firm the interpretation given to an earlier study (3) and
extend the experimental findings to a -larger group of
women. Their results and conclusions, considered with
the present report, leave little doubt that "idiopathic"
hirsutism is more properly categorized as a type of
adrenal hyperfunction..
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