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Urinary 17-ketosteroids or their precursors are
thought to arise from the adrenal cortices and the
testes (1). Testosterone propionate is partially
excreted as a 17-ketosteroid (2); on the other
hand, 17-methyl testosterone is not excreted as
such (3 to-5). It follows that methyl testos-
terone in contradistinction to testosterone pro-
‘pionate, may be used to study the effect of a tes-
tosterone compound on the endogenous produc-
tion of urinary 17-ketosteroids. The present
paper is primarily concerned with the effect of
methyl testosterone on the urinary 17-ketosteroids
of adrenal origin.

It is essential that such studies be carried out
on individuals without functioning testicular tis-
sue, since it is highly probable from animal ex-
periments that testosterone inhibits its own endo-
genous production in the testis (6 to 8). It is
difficult to obtain direct data in humans on the
effect of testosterone on the urinary 17-ketos-
teroids of testicular origin. Thus, whereas the
administration of methyl testosterone to a male
without disease of the adrenals and testes induced
a lowered 17-ketosteroid excretion (Figure 1),
~ the entire effect may have been mediated through

1 The expenses of this investigation were defrayed in
part by the Josiah Macy, Jr. Foundation and by a grant
from the Committee on Endocrinology of the National
Research Council. The work described in this paper was
done under a contract, recommended by the Committee on
Medical Research, between the Office of Scientific Re-
search and Development and the Massachusetts General
Hospital.

2 The authors wish to thank the Schering Corporation,
Bloomfield, New Jersey, for the generous supplies of
methyl testosterone (Oreton-M) and the Ayerst, Mc-
Kenna and Harrison Company, New York, for the large
amounts of chorionic gonadotropin (A.P.L.) used in these
studies.

8 Read by title at the 36th annual meeting of the Ameri-
can Society for Clinical Investigation, May 8, 1944.

the adrenal cortex. Actually to establish the
point it would be necessary to give methyl testos-
terone to a male patient with Addison’s disease.
This was done (Figures 2 and 3), with suggestive
but not conclusive results. Such an experiment
runs into difficulties because the low initial level
of 17-ketosteroid excretion makes the errors intro-
duced by chromogens and other technical errors
relatively more significant.

CLINICAL CASES

The influence of methyl testosterone on 17-ketosteroid
excretion by individuals without testicular tissue was
studied in 4 females with adrenal hyperplasia, 2 normal
females, and 1 male with absence of functioning testi-
cular tissue. Of the 4 patients with hyperplasia, 2 had
Cushing’s syndrome, and 2, the adrenogenital syndrome.
Whereas hyperplasia of the adrenal cortices may occur
in both of these conditions, it is the authors’ belief that
in the first of them there is primarily an over-production
of a hormone concerned with carbohydrate metabolism
(the so-called “sugar” or “S” hormone), while in the
second there is an over-production of a hormone con-
cerned with anabolism of protoplasm, and masculini-
zation (the so-called “nitrogen” or “N” hormone) (9).
In Cushing’s syndrome there may be a compensatory
over-production of “N” hormone as well (9). One
“normal” female had no disease; the other had Paget’s
disease but was normal with respect to adrenal cortical
function. The male patient had clinical evidence of
hypoleydigism, a high excretion of follicle-stimulating
hormone in the urine, a high 17-ketosteroid excretion,
and, as demonstrated at exploration at the age of §,
bilateral rudimentary testes. Thus, the evidence for
lack of testicular tissue includes not only the clinical
evidence of hypoleydigism and the findings at operation
but the high titer of follicle-stimulating hormone (11).
The high 17-ketosteroid excretion in spite of the clinical
picture of hypoleydigism presumably represents com-
pensatory hyperplasia of the adrenal cortex, such as is
known to occur in animals castrated at birth (12, 13).
The findings are entirely dissimilar to those in the
usual eunuchoid patient, where the follicle-stimulating
hormone excretion in the urine is usually normal or low
and the 17-ketosteroid is regularly low (14).
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Fic. 1. Errect oF METHYL TESTOSTERONE THERAPY ON THE URINARY 17-KETOSTEROID EXCRETION IN A MAN WITH
Pacer’'s Disease oF BoNE (OsTEITIs DEFORMANS)

In this patient (B. F., No. 36002, a male of 49 years), it is assumed that the functions of the adrenal cortices and
testes are comparatively normal; however, the 17-ketosteroid excretion at the time of the experiment was low, prob-
ably because of debility (9). It will be noted that, although the control values were low (a mean of 4.8 mgm. per
24 hrs.) compared with the normal level in males (circa 14 mgm. per 24 hrs. (1)), with methyl testosterone therapy
there was an orderly fall to a still lower level (a mean of 3.0 mgm. per 24 hrs.), and that with omission of the ther-
apy the values rose to a level (a mean of 5.3 mgm. per 24 hrs.) approximating the pre-treatment level. The values
for the first 6 days following a change in therapy were omitted in compiling the mean values. Note that the meas-
urements were made on 24-hour collections.
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Fi1c. 2. ErrFecT oF METHYL TESTOSTERONE ON THE URINARY 17-KETOSTEROID EXCRETION IN A MAN WiTH ADDISON’S
DISEASE

This patient, K. P., No. 369416, a male of 44 years, had tuberculosis of the adrenals. At the time of the experi-
ment, the patient was taking no medication except 3 grams of sodium chloride by mouth daily. It will be noted that
during the control period the 17-ketosteroid excretion was low (a mean of 4.0 mgm. per 24 hrs.) compared with
the normal level in males (circa 14 mgm. per 24 hrs. (1) ); that under methyl testosterone therapy the level was
suggestively lower (a mean of 1.6 mgm. per 24 hrs.) ; that, when the drug was omitted, the level was increased (a
mean of 4.3 mgm. per 24 hrs.). The values for the first 6 days following a change in therapy were omitted in com-
piling the mean values. Note that the measurements were made on 24-hour collections.
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F16. 3. Errect oF METHYL TESTOSTERONE ON THE URINARY 17-KETOSTEROID EXCRETION IN A
MAN wiTH ADDISON’S DISEASE

This patient, Mayo Clinic No. 1-269-227, a male of 37 years, had tuberculosis of the adrenals.
The data on this patient were made available through the courtesy of Dr. Edwin J. Kepler,
Rochester, Minnesota (10), to whom the authors are greatly indebted. During the first 6 days
of the experiment, the patient received 10 grams of sodium chloride and 5 grams of sodium
citrate by mouth daily ; during the remainder of the experiment he was given 4 mgm. of desoxy-
corticosterone acetate each day intramuscularly. This therapy had no effect on the 17-ketos-
teroid excretion. It will be noted that during the control period the 17-ketosteroid excretion
was low (a mean of 3.5 mgm. per 24 hrs.) compared with the normal level in males (circa 14
mgm. per 24 hrs. (1)), and that under methyl testosterone therapy the level was suggestively
lower (a mean of 2.1 mgm. per 24 hrs.). The values for the first 6 days following a change in
therapy were omitted in compiling the mean values. Note that the measurements were made on

24-hour collections.

METHODS

The 17-ketosteroid content of the urine was measured
by a method based on a modification (15) of the Zim-
mermann reaction (16) that has been described previ-

ously (1). To correct the result for color introduced
by chromogens, the reaction is read through a green
and a violet filter, and a color correction equation applied.
The method is accurate within 1 to 2 mgm. in repeated
analyses of the same urine pool. Normal females ex-
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Fic. 4. . EFFECT oF METHYL TESTOSTERONE THERAPY ON THE URINARY 17-KETOSTEROID-EXCRETION IN CASE 1, A
GirL WiTH CUSHING'S SYNDROME

For discussion, see text. Note that the measurements were made on 72-hour collections until day 42 and on 144-
hour collections thereafter.

crete from 5 to 14 (average 9), normal males from 8
to 23 (average 14) mgm. of sterone per 24 hours (1).

The collection of urine specimens was rigidly super-
vised to insure accuracy. Cases 1, 3, and 6 were studied
on the research ward, and their collections were handled
by specially trained personnel. Most of the determina-
tions in these 3 cases were made on aliquots of 72 to
144-hour pools. The other patients in this investigation
collected their specimens at home and brought them per-
sonally to the laboratory; these individuals were in-
structed carefully in the method of collection and were
questioned frequently to be certain that they followed
the method accurately. Most of the determinations in
these patients were on specimens that were obtained
by pooling in the laboratory two accurately timed night
collections. All of the results are reported in terms
of amounts per 24 hours.

Methyl testosterone was administered to the patients

by mouth in the form of 10 mgm. tablets.

RESULTS

In Case 1,* I. G., No. 350260, a girl of 11 years
with classical Cushing’s syndrome, the effect of
methyl testosterone was studied twice (Figures
4 and 5). It will be noted that during both con-
trol periods, the 17-ketosteroid excretion (circa
15 mgm. per 24 hours) was very high for her age
(normal, circa 1 to 3 mgm. per 24 hours (17))
and quite constant ; that under methyl testosterone
therapy the excretion showed a very orderly fall to

4 Further clinical data are published elsewhere (9).
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F16. 5. CAsE 1, REPEAT EXPERIMENT
For discussion, see text. Insulin, 25 to 100 units daily, was given intramuscularly from day 18 to day 42. Note that

the measurements were made on 144-hour collections.

a considerably lower value (circa 4 mgm. per 24
hours) ; that, when the therapy was omitted, the
excretion again rose.

In Case 2,5 R. B., No. 3397, a woman of 53
years, also suffering from Cushing’s syndrome, it
will be observed (Figure 6) that the average pre-
treatment excretion (circa 18 mgm. per 24 hours)
was high for an adult woman (normal circa 9
mgm. per 24 hours (1)) and very constant; that
the excretion rose both with testosterone pro-
pionate and with dehydroisoandrosterone acetate;
that under methyl testosterone therapy the ex-
cretion showed a gradual fall to a low value (circa
2 mgm. per 24 hours); and that, after discon-
tinuation of methyl testosterone therapy, the ex-
cretion again rose to the pre-treatment level.

In Case 3, R. H., No. 401611, a girl of 6 years
with congenital adrenogenital syndrome and
pseudohermaphroditism, it will be noted (Figure
7) that during the control period, the 17-ketos-
teroid excretion (circa 15 mgm. per 24 hours)
was very high for her age; that under methyl
testosterone therapy the excretion showed a steady
fall to a lower value (circa 10 mgm. per 24

5 Further clinical data are published elswhere (1,9, 18).

hours) ; and that after the therapy was omitted
the excretion definitely increased.

In Case 4,° E. F., No. 240632, a woman of 24
years with a condition similar to Case 3, the
average 17-ketosteroid excretion (Figure 8)
(circa 45 mgm. per 24 hours) was very high dur-
ing the control period; with methyl testosterone
therapy the average level (circa 35 mgm. per 24
hours) was suggestively lower; and, when the
drug was discontinued, the average excretion
(circa 40 mgm. per 24 hours) was increased.

Case 5, A. S., a woman of 34 years, had no dis-
ease, and normal function of the adrenal cortex.
It will be observed (Figure 9) that during the
control period the average 17-ketosteroid excre-
tion (circa 11.5 mgm. per 24 hours) was slightly
above the average for an adult woman (normal,
circa 9 mgm. per 24 hours (1)) ; that during the
administration of 20 mgm. of methyl testosterone
daily, the 17-ketosteroid excretion tended to be
lower ; that during the administration of 40 mgm.
of methyl testosterone daily, the excretion showed
a gradual fall to definitely low values (circa 6
mgm. per 24 hours) ; and that after discontinua-

8 Further clinical data are published elsewhere (1).



421

EFFECT OF METHYL TESTOSTERONE ON 17-KETOSTEROIDS

*SUOIO3[[0D NOY-p7 O} -G UO IPBWE JIOM SJUSWLINSEIW Y} Jey) AJON  IX2} 33§ ‘UOISSNOSIP IO

AWOUANAS SONIHSND HIIM ‘SEVIX €6 49y ‘NVIWOA\ V ‘Z ESVD NI NOILIWOXH
QIO¥A1SOITY-/] AUVNIY[) THI NO AdVEGHJ, INOWAISOISI] TAHIIJ GNV ‘GIVIIOY INOWILSONANVOSIONGAHI(] ‘ALVNOIJONJ ANOWILSOLSA], 40 103addy °9 51

e : 198
‘Nve ‘930 ‘ANON ‘490 W ‘o e mNee A k) ‘W ‘034 ‘e




REIFENSTEIN, FORBES, ALBRIGHT, DONALDSON, AND CARROLL

> 422

AT A VAVAVAVAY .S .G ey s - - - an o - -

EAVAVAVAV.W. W W @ @ &
avavaiawva VW W G WS @B O M am e o

The con-

trol values (circa 24 mgm. per 24 hours) were

larynx, no beard, rudimentary prostate, absence high; during the administration of 100 mgm. of

vavavavavavavavavavew

PV . . . O 9. 9. PO POV,

moderately well developed
and obesity. Bilateral rudi-

sumed to have normal function of the adrenal mentary testes were found at operation at age of

It will be noted (Figure 11), that two

experiments were carried out on this patient with

P )’5‘§W‘> N

ing) hormone in the urine (between 567 and 868

(circa 8 mgm. per 24 hours) was approximately —mouse units per 24 hours) was very high com-
teroids (circa 16 to 33 mgm. per 24 hours) was

phallus, axillary and pubic hair absent, scant hair
on extremities, absence of recession of hair in
pared with the normal (less than 104 mouse units
per 24 hours (19)). The excretion of 17-ketos-

different doses of methyl testosterone.

of testes in scrotum,

METHYL.
50 MG. LD
DAYS
temporal regions,
also high.

/

X0
GIRL WITH ADRENOGENITAL SYNDROME

For discussion, see text. Desoxycorticosterone acetate, 10 mgm. daily, was given intramuscularly from day 66 to

day 86. This therapy had no effect on the 17-ketosteroid excretion. Note that the measurements were made on

VTS0, 9% %%

OO0 22050000 000 2702070

9, a woman of 35 years

with Paget’s disease (osteitis deformans), is as-

VAVAV A WAV AL VAVAVAVAA O 80 W . W . V. WiV .W. Wavava
FAVAVAVLAVAVAVAVA S 80 & . W . VaAVaAC AT sV . WaAVA”.

G ATV G W W.W.VAVAVAVAVA LA M M .V

4
12
10
-
(-2
=
O

24-hour collections for the first 3 and the last 3 determinations, on 72-hour collections for days 18 to 24, and other-

Fi16. 7. Errect oF METHYL TESTOSTERONE THERAPY ON THE URINARY 17-KETOSTEROID EXCRETION IN CASE 3, A
wise on 144-hour collections.

Case 7, F. B., No. 84187, a man of 27, had be-
fore any specific treatment a high voice, small

Case 6, F. S., No. 42491
cortex. It will be seen (Figure 10) that, during 8. The pituitary gonadotropic - (follicle-stimulat-

the control period, the 17-ketosteroid excretion
average for an adult woman (normal circa 9 mgm.
per 24 hours (1)) ; and that under methyl testos-

terone therapy the level (circa 6 mgm. per 24
hours) was moderately but hardly significantly

tion of methyl testosterone therapy, the excretion
lower.

again rose to the pre-treatment level.
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For discussion, see text. Note that the measurements were made on 24-hour collections.

sation of treatment, the level (circa 18 mgm. per

methyl testosterone daily there was a fall to a

during 24 hours) was significantly higher. It will be

.
’

lower level (circa 19 mgm. per 24 hours)

noted in Figure 11 that chorionic gonadotropin
(A.PL.) was administered on two occasions.

This experiment was considered inconclusive and  Although this therapy may have induced a tran-

the 14 days after the cessation of therapy, the
level (circa 18 mgm. per 24 hours) continued low.

sitory rise in the 17-ketosteroid excretion, this
possibility has been ignored in compiling the mean

During the

so was repeated with larger doses.

administration of 200 mgm. of methyl testosterone

testosterone

obtained during methyl

therapy (Table I).

values

daily, the 17-ketosteroid excretion (circa 10 mgm.

per 24 hours) was definitely lower than the initial
values (circa 24 mgm. per 24 hours) or the inter-

The data from these studies are summarized in

vening control values (circa 18 mgm. per 24 Table I.

hours)

Since there is a delay in the onset and
in the cessation of effect following the adminis-

owing ces-

from the 14th to 27th day foll

.
’
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Fic. 9. Errect oF METHYL TESTOSTERONE THERAPY ON THE URINARY 17-KETOsTEROID EXCRETION IN CASE 5, A
NormAL WoMAN, AGE 34 YEARs

For discussion, see text.

tration of methyl testosterone, the values for the
first 6 days following a change in therapy were
omitted in compiling the mean values. In the
9 experiments, the 7 patients had an average ex-
cretion of 18.7 mgm. of steroid per 24 hours be-
fore, 119 mgm. during, and 184 mgm. after
methyl testosterone administration.

DISCUSSION

The possibility that the decrease in the urinary
17-ketosteroid level during the administration of
methyl testosterone is fortuitous and unrelated
to the therapy is almost eliminated by the fol-
lowing points: (&) there is a direct relationship
between the fall in level and the administration
of the therapy, which is clear-cut in Case 1 (both
experiments), Case 2, Case 3, Case 5, and Case 7
(Experiment 2); (b) there is a tendency toward
a fall in the excretion in all of the other experi-

Note that the measurements were made on 24-hour collections.

ments (including the studies of the two males with
Addison’s disease, and of the male with normal
function of the adrenals and of the testes); (c¢)
the fall in the level is gradual suggesting a physio-
logic alteration rather than a chance variation ;
(d) there is a rebound to higher or pre-treatment
levels with cessation of therapy in all of the ex-
periments in which these studies were made
except Experiment 1, Case 7; and (e) the amount
of decrease (circa 40 to 60 per cent) in excretion
in Case 1 (both experiments), Case 2, Case 3,
Case 5, and Case 7 (Experiment 2) significantly
exceeds both the technical errors of the method
(vide supra) and the amount of unexplained day
to day variation (not more than 25 per cent and
usually less (20)) that we have encountered else-
where. For example, 17 assays on one male in-
dividual gave an average excretion of 12.9 mgm.
per 24 hours with a deviation of = 1.5 mgm. or
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=+ 12.6 per cent per 24 hours (21). In view of
these considerations, it is concluded that the de-
crease in the urinary 17-ketosteroid level during
the administration of methyl testosterone is due
to the action of this compound.

Much of the argument to follow depends on
the assumption that the 17-ketosteroid excretion
in the urine can be used as an index but not a
measure of “N” hormone production. We have
elsewhere (9) reviewed the considerable circum-
stantial evidence that the urinary 17-ketosteroids
are: (a) largely derived from “N” hormones, and
(b) only slightly, if at all, from “S” hormones.
We will cite here only one piece of evidence for
each of these suppositions. Thus, on the one
hand, testosterone (a strong “N” hormone) is
excreted largely as androsterone and etiocholano-
lone both of which are 17-ketosteroids; on the
other hand, pre-pubertal children, who in all
probability have a normal “S” hormone produc-
tion, excrete negligible amounts of 17-ketosteroids
in the urine.

The experiments herein reported indicate that
methyl testosterone interferes with the adrenal
cortical mechanism for producing urinary 17-
ketosteroids or their precursors. Such an inter-
ference might be produced in at least two ways;
(a) a direct inhibition by methyl testosterone of

TABLE I

Effect of methyl testosterone on urinary
17-ketosteroid excretion

Average excretion
Case No.
Before During * After *
. mgm. per 24 hours.
Case 1, Exp. 1 15.3 6.1 13.0
Case 1, Exp. 2 13.5 7.6
Case 2 ) 18.7% 5.9 16.3
Case 3 15.8 11.8 13.2
Case 4 42.8 34.5 40.1
Case 5 11.5 6.11 10.2
Case 6 7.6 6.4
Case 7, Exp. 1 242 18.8§ 18.0
Case 7, Exp. 2 ] 10.0§ 17.7
Average 18.7 11.9 18.4

* Values during first 6 days after change in therapy
omitted. v

1 Control level before any treatment.

1 Average during administration of 40 mgm. per day.

§ Values during chorionic gonadotropin therapy included
in calculating the average excretion (see Figure 11).

|| Experiment 2 immediately followed the after-period of
Experiment 1 (see Figure 11).
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the adrenal cells which produce 17-ketosteroids or
their precursors, or (b) an indirect inhibition of
these cells by decreasing the production of some
tropic hormone (or hormones) by the anterior
pituitary. Animal experimentation favors the
latter instead of the former thesis, since it has
been shown (22) that the atrophy of the adrenal
cortex induced by testosterone therapy does not
occur in pituitarectomized animals receiving
adrenal corticotropic hormone. This is analagous
to experiments of others (6) in which the dam-
aging effects of testosterone on the Leydig cells
could not be produced in pituitarectomized ani-
mals in which the Leydig cells were maintained by
chorionic gonadotropin (a hormone very similar,
if not the same, as the luteinizing hormone).

In the case of the male gonad, the tropic hor-
mone in question is the luteinizing hormone, LH.
Since it has been here shown that methyl tes-
tosterone inhibits the 17-ketosteroid production
by the adrenal cortex and since the same is
thought to be true for the male gonad, these ex-
periments may add one more piece of evidence to
that obtained elsewhere (vide infra) that the pro-
duction of 17-ketosteroids or their precursors
from both these organs is stimulated by the same
tropic hormone, namely LH.
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In Figure 12, an attempt is made to show these
hormonal relationships schematically in a normal
individual; in Figure 13, attempts are made to
show these relationships both before and after the
administration of methyl testosterone in a normal
individual, a female patient with Cushing’s syn-
drome, a female patient with adrenogenital syn-
drome, and a male patient with Addison’s disease.

There is evidence, besides that here presented,
that one tropic hormone of the pituitary stimulates
in the male both the cells of the adrenal cortices
concerned with the production of 17-ketosteroids
and the cells of Leydig. In a previous paper from
this clinic (14), it was pointed out that those
eunuchoid patients (the minority) with high
titers of follicle-stimulating-hormone in the urine
had 17-ketosteroid excretions of the order of mag-
nitude of those seen in normal females. The in-
ference was that these patients suffered from a
primary underfunction of the gonads (i.e., eunuchs
from an endocrine point of view) with normal
function of the adrenal cortices. It was further
shown that those eunuchoid patients (the major-
ity) who did not have a high titer of follicle-
stimulating-hormone in the urine had 17-ketos-
teroid excretions considerably lower than those in
the normal female; the inference was that such
patients were suffering from a defective produc-
tion of 17-ketosteroids in both the adrenal cortices
and the testes. This suggested that one hormone
stimulated both organs (see Figure 12). Fur-
thermore, the failure of bilateral orchidectomy in
patients with metastatic cancer of the prostate to
lower the 17-ketosteroid excretion (24) is in ac-
cord with the suggestion that such a procedure
removes an inhibitor to the tropic hormone in
question and that the resulting increased pro-
duction of said tropic hormone stimulates in-
creased production of 17-ketosteroids in the
adrenal cortices.

Similarly, the observation that the 17-ketos-
teroid excretion of young adult females tends to
rise for a year or more following termination of
ovarian function by castration or x-radiation (25,
26) favors the same interpretation. The demon-
stration that there is a rise in the urinary excre-
tion of luteinizing hormone in the menopausal
state (27) also is in accord with the suggested
hypothesis.

427

ANTERIOR PITUITARY

FSH 1 LH | ETAL

BD=eOM—y
CrPIZMI0>

m-xs. m-Ks.

Fi1c. 12. ScrEMATIC DiAGRAM To SHow NorMAL RE-
LATIONSHIP BETWEEN ANTERIOR Prtuitary Tropic Hor-
MONES AND Tissues PropuciNG 17-KerosTeEromp PRE-
CURSORS

The pituitary is divided into three compartments: FSH
for follicle-stimulating-hormone, LH for luteinizing hor-
mone, and “et al.” for remaining hormones. The authors
are not certain whether the compartment marked LH
should not also include luteotrophin. Striped arrows are
used to represent 17-ketosteroid hormones. E—estradiol;
P—progesterone; X—hypothetical hormone produced by
tubules of testes (23) ; A—androgen (testosterone); N—
“N hormone” (see text); S—*“S hormone” (see text).

Other circumstantial evidence that the luteiniz-
ing hormone stimulates 17-ketosteroid production
by the adrenal cortex is summarized in the follow-
ing paragraphs. Further discussion of the find-
ings that support these contentions, as well as of
a small amount of data that do not, may be found
elsewhere (28, 29).

Atrophy of the adrenal cortex has been pro-
duced in animals by the administration of testos-
terone (22, 30 to 40) and progesterone (22, 38,
41, 42) ; while hypertrophy of the cortex has re-
sulted from treatment with estrogens (43 to 59).
These effects cannot be produced in hypophysec-
tomized animals in which the adrenal cortex is
maintained in a normal state by the administration
of adrenocorticotropic hormone (22, 45, 52, 60).
This is evidence that the effects of testosterone,
progesterone, and estrogens on the adrenal cor-
tex are brought about through the pituitary. It
has been shown that testosterone (6, 38, 61, 62)
and progesterone (63 to 66) inhibit the produc-
tion of luteinizing hormone (LH) by the anterior
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In a male with Addison’s disease (D), the adrenal gland is destroyed by disease

Prruitary Tropic HorRMONES AND Tissues PropuciNG 17-KETOSTEROIDS OR THEIR PRECURSORS

The relationships in a normal woman (A) have been described in Figure 12. In the normal woman, after methyl testosterone (A"),

Fi1c. 13. ScmemATiC DiacRaM To SHOW THE EFFECT OF METHYL TESTOSTERONE THERAPY ON THE RELATIONSHIP BETWEEN ANTERIOR
there is decreased production of LH, and, therefore, of 17-ketosteroid precursors from the adrenal cortex; ovulation and corpus luteum

and the 17-ketosteroid precursors are represented as much increased; after methyl testosterone therapy (C"), both LH and the 17-ketos-

decreased production of LH, and hence, of 17-ketosteroid precursors from the adrenal cortex. In the adrenogenital syndrome (C), LH
teroid precursors are reduced but not to normal levels.

formation also may be prevented. In Cushing’s syndrome (B), corticotropic hormone (“et al.”) and the “S” hormone are shown much
increased; LH and 17-ketosteroid precursors are shown moderately increased; in this syndrome, after methyl testosterone (B'), there is
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pituitary, while estrogens (45, 67 to 69) increase
the production of LH. Hypertrophy of the
adrenal cortex has been produced by the admin-
istration of LH (70), or by substances very anala-
gous to it, such as chorionic gonadotropin (70
to 75) and the gonadotropic principle of pregnant
mares’ serum (70, 76); presumably atrophy of
the adrenal cortex may result from the lack of
LH. Further evidence is obtained from the ef-
fects of removal of the gonads. Gonadectomy
results in an increase in the gonadotropic activity
of the pituitary gland (77, 78). Gonadectomy
also causes hypertrophy of the adrenal cortex
(12, 13, 22, 50, 79 to 88). This hypertrophy of
the adrenal cortex can be made to atrophy by
testosterone (22, 34, 78, 83, 87, 89, 90) and by
progesterone (22, 87); and to increase by estro-
gens (58, 88). These facts make very attractive
the assumption that LH exerts an effect on the
adrenal cortex which is characterized by an hyper-
trophy of the cortex when LH production is ex-
cessive, and by an atrophy of the cortex when LH
production is diminished below normal.

The question then arises whether the alterations
in the adrenal cortex that are attributed to changes
in the production of LH by the pituitary cannot
be attributed equally well to changes in the pro-
duction of adrenocorticotropic hormone (ACTH)
of the pituitary, since ACTH also exerts an effect
on the adrenal cortex which is characterized by
a hypertrophy of the cortex when ACTH pro-
duction is excessive (50, 80, 91 to 105) and by an
atrophy of the cortex when ACTH production is
diminished below normal (106 to 116). Against
this assumption are the following facts: (1) dis-
tinct differences can be be demonstrated histologi-
cally between the hypertrophy of the adrenal cor-
tex produced by the two mechanisms, since in
hypophysectomized animals no restoration of the
lipoid content and no disappearance of the sud-
anophobe zone occurs after the administration of
LH (52, 76) and estrogens (52, 76), while a
disappearance of the sudanophobe zone and re-
storation of the lipoid content occurs after the ad-
ministration of ACTH (52, 76, 101); and (2)
hypertrophy of the adrenal cortex has been pro-
duced by LH preparations that contain insignifi-
cant amounts of ACTH (52, 70, 76), and wice
versa (99 to 105). These facts favor the assump-

In a male with Addison’s disease, after methyl testosterone ther-

and its hormones are lacking (indicated by dotted lines) ; as a consequence there may be a moderate increase in LH, and in turn in the

17-ketosteroid precursors produced by the Leydig cells of the testis.
apy (D'), LH and therefore the 17-ketosteroid precursors from the Leydig cells are decreased.
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tion that both LH and ACTH affect the adrenal
cortex, but not in the same manner.

The strength of the evidence derived from the
animal experiments cited above would be in-
creased if it could be shown that alterations in
the size of the adrenal cortex were correlated
with changes in the excretion of 17-ketosteroid
or androgenic substances. In most of these in-
vestigations, this evidence has not been sought.
Pertinent to this discussion, however, are the ob-
servations of certain investigators (117, 118) who
were able to produce significant enlargement of
the seminal vesicles and prostates of castrated rats
by means of pituitary extracts which also caused
hypertrophy of the adrenal cortices. Since the
effect could not be elicited in the absence of the
adrenals, it is clear that this gland had been
stimulated to secrete an androgenic principle.
Another author (119) obtained similar results
in castrated male guinea pigs, and also observed a
masculinizing effect (hypertrophy of the clitoris)
with pituitary extracts in ovariectomized females.
Studies to demonstrate directly in man the effect
of chorionic gonadotropin on the production of
17-ketosteroids by the adrenal cortex are being
conducted.

Since the luteinizing hormone in the female
stimulates the production of progesterone (120),
it might be anticipated that large doses of proges-
terone (like methyl testosterone) would inhibit
17-ketosteroid production from both the adrenal
cortices and the male gonads; studies to answer
this question also are being conducted.

The evidence here presented suggests that the
high 17-ketosteroid excretion in the adrenogenital
syndrome is less easily influenced by methyl tes-
tosterone than is that in Cushing’s syndrome, even
though the pathology in both instances is hyper-
plasia of the adrenal cortices. This finding is
consistent with the thought, already expressed
elsewhere (9), that the increased 17-ketosteroid
production in Cushing’s syndrome is compen-
satory to the primary pathology which is an in-
creased production of the “S” hormone; such
being the case, one would anticipate that when an
exogenous source of “N” hormone was made
available in the form of methyl testosterone, the
endogenous production would quickly recede. In
the adrenogenital syndrome, on the other hand,
the primary cause of pathology is thought to be a
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hyperplasia of those cells which produce “N”
hormone, and one would anticipate that it would
be harder to modify a process which is primary
than one which is secondary.

From the clinical point of view, however, the
important point is that the over-production of
“N” hormone in the adrenogenital syndrome can
be reduced. This may be a clue to therapy.
Needless to say it is of little value to such a
patient to have her endogenous “N” hormone pro-
duction decreased by taking an exogenous source
of “N” hormone. However, if a steroid could be
found which inhibits the endogenous source with-
out itself being an androgen, an important ad-
vance in the therapy of these unfortunate patients
would probably be at hand. Progesterone has
not had a beneficial effect in moderate doses
(5, 121); it is to be hoped that it may have in
very large doses. In any case, the authors feel
very strongly that the approach to the problem is
in this direction, as nothing is to be gained by
subtotal resection of the adrenal cortices (122,
123).

SUMMARY AND CONCLUSIONS

1. Since 17-methyl testosterone is not excreted
as a 17-ketosteroid, it was employed to study the
effect of a testosterone compound on the endo-

genous production of urinary 17-ketosteroids of

adrenal origin.

2. The administration of methyl testosterone
decreased the urinary 17-ketosteroids of 7 patients
in whom the only source of these substances was
the adrenal cortices. The patients included: 2
women with adrenal hyperplasia and Cushing’s
syndrome, 2 women with adrenal hyperplasia and
adrenogenital syndrome, 2 women with normal
cortical function, and 1 man with adrenal hyper-
plasia and congenital absence of functioning testi-
cular tissue.

3. The administration of methyl testosterone
caused a suggestive but not conclusive decrease
in the urinary 17-ketosteroids of 2 male patients
with Addison’s disease in whom the only source
of these substances was the testes.

4. Since the production of 17-ketosteroids or
their precursors by both the adrenal cortex and
the male gonad appears to be inhibited by methyl
testosterone, it is suggested that the mechanism
of inhibition is the same for both glands.
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5. This inhibition is attributed to a decreased
production of some pituitary tropic hormone, as
suggested by animal experiments in the literature.
If one accepts this hypothesis, the findings here
reported support the thesis that the same tropic
hormone, presumably the luteinizing hormone,
stimulates both glands.

6. The 17-ketosteroid excretion by patients
with the adrenogenital syndrome was less easily
influenced by methyl testosterone than was that
of patients with Cushing’s syndrome. This is
further evidence that the elevated 17-ketosteroid
excretion in the former condition is a manifesta-
tion of the primary pathology, whereas the in-
creased excretion in the latter condition is an
indication of a compensatory process.

7. The fact that the 17-ketosteroid excretion in
the adrenogenital syndrome can be reduced with
methyl testosterone shows that the condition is
potentially reversible and gives hope that a non-
androgenic steroid may be found which will like-
wise reduce the 17-ketosteroid excretion in this
condition.

The authors are indebted to Lowell D. Cox for tech-
nical assistance.
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