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INTRODUCTION

NTEREST in the metabolic effects of progesterone has heretofore

centered primarily about its role in the reproductive functions of the
female organism, where its restricted growth-promoting influence on the
uterus and breast have been well documented (1, 2). Its more general
metabolic properties have not been so extensively explored. In this category
progesterone has been shown to be life-preserving and salt-retaining in
adrenalectomized rats, ferrets and dogs (3—-6) and salt-retaining in nor-
mal dogs when administered in 10-20 mg. doses per day (5, 6). It failed,
however, to support the work capacity of adrenalectomized rats (7), and in
a man with Addison’s disease who was maintained with added salt, 30 mg.
of progesterone per day had no influence on urinary chloride excretion (8).
Recently it has been demonstrated that progesterone induces growth in the
sebaceous glands of rats (9). In contrast to this report of an anabolic ef-
fect and similar influence on the uterus and breast is the report of Abels
and Dobriner (10) that 100 mg. daily of progesterone is catabolic in a
normal man. This brief description of a single metabolic experiment seems
to have been overlooked, or perhaps discounted as the record of a freak or
toxic reaction. Prior to the present study (11), Abels and Dobriner’s results
had not been confirmed.

It was the intent of this investigation to determine the metabolic con-
sequences of approximately physiologic amounts of progesterone in man.
As the amount of pregnanediol excreted daily during the luteal phase of the
menstrual cycle is from 2-7 mg. (12), and there are several estimates to the
effect that as a rule 1020 per cent of parenterally administered proge-
sterone is excreted as urinary pregnanediol (13), it may be estimated

* Presented at the 46th Annual Meeting of the American Society for Clinical In-
vestigation, Atlantic City, N. J, May 4, 1954.
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that the amount of progesterone secreted during the luteal phase of the
menstrual cycle in from 10-70 mg. per day. In early pregnancy, during
which the excretion of pregnanediol ranges from 5 to 40 mg. per day (14),
50 to 400 mg. of progesterone may be delivered to the organism daily. We
accordingly selected 50 and 100 mg. of progesterone per day as dosages
which might approximate the maximum rate of secretion during the nor-
mal menstrual cycle and would be well within the range of secretion during
pregnancy.

The response to progesterone was determined in several patients with
intact and presumably normal adrenal glands. Progesterone was also
given to 1 woman and 2 men with Addison’s disease who were receiving re-
placement quantities of desoxycorticosterone and cortisone, and to a
third man with Addison’s disease both before and during hormone replace-
ment. Thus it was possible to obtain information concerning the influence
of adrenal hormones and of adrenal secretory activity on the metabolic
effects of progesterone.

METHODS

These investigations were carried out in the Metabolic Unit, where pa-
tients were maintained on constant regimens in the usual manner. Changes
induced in the metabolic status of the subjects were defined by significant
shifts from a control series of determinations of various urinary constit-
uents. Thus, when values rose above such a control baseline a loss was re-
corded; and when they dropped below the control baselines, retention
was sald to have occurred. Determinations were always perfomed on 24-
hour or 48-hour pools. By comparison with 4-day or 6-day collections,
these relatively short collections are felt to enhance the sensitivity and
the precision of such studies. Complete balances were not carried out but,
on occasion, estimates of the total nitrogen balance were made by assuming
a constant fecal nitrogen of about 1 gram daily (15). Completeness of urine
collections was ascertained by creatinine determinations.

All of the progesterone! used in these studies fulfilled U.S.P. specifica-
tions for purity. Melting-point specifications were met. The trace of
contaminants to be found in such a preparation would not be expected to
be metabolically active. The progesterone was dissolved in sesame oil and
20 per cent benzyl benzoate and administered by intramuscular injection.
The 50-mg. daily dose was given in a single 1-ml. injection; the 100-mg.
daily dose was administered in two injections of 50 mg. each, given about
ten hours apart. In the patients with Addison’s disease the cortisone ace-
tate in aqueous suspension was given in one intramuscular injection each

! Progesterone generously supplied by Dr. Edward Henderson of Schering Corpora-
tion, Bloomfield, N. J.
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day, and the desoxycorticosterone acetate dissolved in sesame oil in one
daily intramuscular injection.

Methods for the determinations of total urinary nitrogen, inorganic
phosphorus, creatine, creatinine, uric acid, alpha amino acids, sodium,
potassium, chloride and 17-ketosteroids have been previously detailed
(16). Pregnanediol was determined according to the procedure of Stimmel
(17). The technique of Randolph (18) was followed for eosinophil counts.
Urinary urea was estimated by means of the Conway micro-diffusion tech-
nique (19); and blood urea by the same Conway procedure and by means of
a modification of Ormsby’s method (20). The same method for blood urea
was employed throughout each study.

PROTOCOLS

M.K. (Fig. 1) was a 23-year-old girl with no apparent organic disease. Her basal
metabolic rate was —17 per cent?; basal calories were 1,250 per twenty-four hours.

J.S. (Fig. 2) was a 47-year-old man with a chronic, mild to moderately severe rheuma-
toid arthritis. His metabolic rate was —12 per cent, with basal calories of 1,600 per
twenty-four hours.

M.P. (Fig. 3) was a 36-year-old woman who was moderately obese and had experi-
enced menstrual irregularities for twelve years. She had been amenorrheic for eighteen
months. Her metabolic rate was —19 per cent; her basal calories were 1,160 per twenty-
four hours. She menstruated on withdrawal of the progesterone.

X.C. (Fig. 4) was a 41-year-old woman with rather inactive rheumatoid spondylitis.
Her metabolic rate was — 15 per cent, with basal calories of 1,120 per twenty-four hours.

V.W. (Fig. 5) was a 36-year-old woman with Addison’s disease. She was treated
throughout with 50 mg. of cortisone acetate and 3 mg. of desoxycorticosterone acetate
per day. Her metabolic rate was +0; basal calories were 1,500 per twenty-four hours.
She felt sick toward the end of the period of progesterone administration, and on the
last day of treatment an adrenal crisis was diagnosed. The serum sodium concentration
had dropped from 137 to 132 mEq. per liter.

V.V. (Fig. 6) was a 42-year-old laborer with Addison’s disease. He received 2 mg. of
desoxycorticosterone acetate and 25 mg. of cortisone acetate every day. His metabolic
rate was —10 per cent; basal calories were 1,370 per twenty-four hours. The serum
sodium concentration declined from 138 to 128 mEq. per liter as a result of the pro-
gesterone treatment.

J.B. (Fig. 7) was a 26-year-old man with newly discovered Addison’s disease. He had
recently lost 20 pounds and was emaciated. His metabolic rate was —20 per cent, with a
basal caloric requirement of 1,420 per twenty-four hours.

H.C. (Fig. 8) was a 40-year-old Chinese plant foreman. The diagnosis of Addison’s
disease had been made about two weeks before this investigation was begun. He was
just well enough to get along for a limited time in the hospital with only 8 grams of
added salt per day as treatment. The effects of progesterone were accordingly studied
while he was maintained on the salt alone and again while he was receiving, in addition,
25 mg. of cortisone acetate and 1 mg. of desoxycorticosterone acetate daily. His ultimate
replacement requirement on leaving the hospital was 37.5 mg. of cortisone per day and

2 Basal metabolic rates were calculated on the basis of Mayo Foundation standards.
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2 mg. of desoxycorticosterone (buccal). The sodium intake as calculated from the known
consumption of salt and the published estimates of the sodium content of foods was 241
milliequivalents per day. The baseline of 231 milliequivalents thus suggested that there
was a slightly negative sodium halance before replacement therapy was started. The
serum sodium concentration did not decrease from 135 mEq. per liter during the first
course of progesterone, but dropped to 129 mEq. per liter just before cortisone and
desoxycorticosterone were begun. The concentration then rose to 138-140 mEq. and
subsequently fell to 135 mEq. per liter during the second progesterone course. His
metabolic rate was —17 per cent, with basal calories of 1,170 per twenty-four hours.

RESULTS

The metabolic effects of progesterone in subjects with apparently nor-
mally functioning adrenal glands were sufficiently uniform to permit a
description of the results as a group. In every instance 50 mg. of proge-
sterone per day induced a rise in urinary nitrogen excretion which began
during the first or second 48-hour pool and reached peak values 1.7-2.4
Gm. per day higher than control levels. In the representative studies de-
tailed here the nitrogen elevations as measured from pretreatment base-
lines averaged 1.6 Gm. in M.K. (Fig. 1), 1.0 Gm. inf;J.S."(Fig. 2), 1.1 Gm.
in M.P. (Fig. 3) and 1.1 Gm. during the first six days in X.C. (Fig. 4). In
all subjects urinary nitrogen fell to the baseline level or below within four
days after treatment was discontinued.

In J.S. the enhanced nitrogen excretion was maintained for the thirty
days of treatment; and no abatement was noted during the sixteen and
fourteen days of administration of progesterone in M.P. and M.K., re-
spectively. In contrast, the urinary nitrogen elevation waned after six
days in X.C. (Fig. 4) and equilibrium was restored during treatment
with 50 mg. of progesterone daily. Doubling the dosage at this point did
not increase the nitrogen excretion. After treatment was stopped, however,
urinary nitrogen dropped to a level about 1.0 Gm. below the control aver-
age. Thus the influence of progesterone was sustained for thirty-two days,
although a degree of counteraction may well have been exhibited. A similar
counteracting influence was illustrated in 2 other subjects (data not shown
here).

In M.K. (Fig. 1) the rise in urinary urea closely paralleled the rise in
total nitrogen, in this instance accounting for virtually all of the increased
nitrogen excretion. In all of the studies, fasting blood urea nitrogen con-
centrations were either uninfluenced or were elevated 1-3 mg. per 100 ml.
during the period of enhanced nitrogen excretion. Accordingly the induced
losses of urea could not be explained as a strictly renal effect and must indi-
cate a net acceleration of protein catabolism.

Of the other nitrogenous constituents of urine determined, only uric
acid excretion seemed to be increased (Figs. 1 and 3), and the increases

6102 AN 80 Uo Jasn Aleiqi J8jua) [eoIpa| SEXS ] -8uldIpaly 40 Awspedy uoisnoH Aq L8881 /2/¥61 L/0L/S L AoBASqe-aonle/wal/woo dno ojwapese//:sdiy wolj pepeojumoq



1198 LANDAU, BERGENSTAL, LUGIBIHL AND KASCHT Volume 15

were very slight. Alpha amino-acid excretion did not rise, and endogenous
creatinuria was depressed during progesterone treatment in X.C. (Fig. 4),
during the first course in M.P. (Fig. 3), and in 2 other women (detailed
data not presented). Creatine excretion was not affected in J.S. (Fig. 2),
or during the second course in M.P. (Fig. 3).
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F1e. 1. The effect of progesterone administration in a young woman M.K., on the
excretion of several urinary constituents and on the basal metabolic rate. Horizontal
broken lines indicate the averages of control values. The diet was 185 Gm. carbohydrate;
50 Gm. protein (nitrogen, 8.0); 120 Gm. fat; calories, 2,020.

The mildness of this catabolic response to progesterone is attested to,
not only by the limited nitrogen losses, but also by the absence of parallel
elevations in the urinary inorganic phosphorus and potassium during either
50-mg. or 100-mg. daily dosages. In M.P. (Fig. 3), increasing the pro-
gesterone to 100 mg. per day seemed to evoke a greater nitrogen loss, the
elevation averaging 1.7 Gm. in comparison with the daily loss of 1.1 Gm.
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induced by a dosage of 50 mg. In the 2 other subjects for whom data are
not given, the same increase in dosage also led, at least temporarily, to an
additional rise in nitrogen excretion. More detailed dose-response relation-
ships have not been studied.

Uniformity also prevailed with respect to the influence of progesterone
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Fic. 2. The effect of progesterone administration in an arthritic man, J.S., on the
excretion of several urinary constituents, circulating eosinophils, and the basal meta-
bolic rate. Broken horizontal lines indicate the averages of control values. The diet was
237 Gm. carbohydrate; 102 Gm. protein (nitrogen, 16.3); 135 Gm. fat; calories, 2,571.

on urinary sodium and chloride excretion in the subjects with functioning
adrenals. The rather wide control variations which are not unusual in
such experiments were observed in several subjects, but the consistent
effects of progesterone were never masked by baseline irregularities. So-
dium excretion always rose during the first two days of progesterone admin-
istration and then declined over several days, reaching the baseline before
progesterone was discontinued. In J.S. (Fig. 2) this required ten days, and
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in M.K. (Fig. 1) eight days. In M.P. (Fig. 3) the baseline excretion was re-
sumed after the first two-day pool on the 50-mg. dose, and after four days
when a 100 mg. per day was given. The increase in urinary sodium was
also greater as a result of the larger amount of progesterone in the latter pa-
tient. In each case prompt compensatory sodium retention developed im-
mediately after progesterone was discontinued, the quantity of sodium re-
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Fic. 3. The effect of 50 mg. and of 100 mg. per day of progesterone in an amenorrheic
woman, M.P., on the excretion of several urinary constituents and on the basal meta-
bolic rate. Broken horizontal lines indicate the averages of pre-treatment control values.
The diet consisted of 141 Gm. carbohydrate; 81 Gm. protein (nitrogen, 12.8); 72 Gm,
fat; calories, 1,536.

tained approximating that previously lost. Urinary chloride excretion
tended to parallel the foregoing shifts in sodium, but in all instances the
movement of chloride was substantially less than that of sodium. The
volumes of urine also tended to follow the trends in sodium excretion, but
shifts in the output were never spectacular.

In patients with Addison’s disease who were fully treated with both
cortisone acetate and desoyxcorticosterone acetate the metabolic influence
of progesterone was more intense and enduring, and the salt losses were

610z AInr 80 uo Jasn Aseiqi] J8Iud) |EJIPSIN SEXS | -0UldIpal J0 Awapeoy uolsnoH Aq L8881 /2Z/¥61 L/0L/S LAdBISge-9|o1e/wad(/woo dno ojwapeoe//:sdpy wol) papeojumoq



October, 1955 METABOLIC EFFECTS OF PROGESTERONE IN MAN 1201

substantially greater than in normal subjects. The first of these subjects,
V.W. (Fig. 5), received the most vigorous course of progesterone. Her
urinary nitrogen excretion began to increase on the fifth day of treatment
with 50 mg. per day, reached a level averaging 2.1 Gm. in excess of the
control average, and then rose another gram when a dose of 100 mg. per
day was given. The Addisonian crisis which developed on the last day of
treatment prevented her from consuming the full diet, but despite the
lower caloric and protein intakes during the two succeeding days, urinary
nitrogen remained elevated for eight days after treatment was stopped. A
spontaneous compensatory nitrogen retention, which averaged 1.6 Gm.
per day at its maximum, ensued. In contradistinction to the results in sub-
jects with active adrenal glands, the enhanced nitrogen excretion was
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Fig. 4. The effect of 50 mg. and 100 mg. of progesterone per day in an arthritic
woman, X.C., on the urinary excretion of total nitrogen, inorganic phosphorus, creatine
and creatinine. The broken horizontal lines indicate the averages of control values. The
diet was 179 Gm. carbohydrate; 76 Gm. protein (nitrogen, 12.2); 113 Gm. fat; calories,
2,037.

paralleled by an elevation in urinary inorganic phosphorus, potassium and
creatine.

Similar results were obtained in 2 men with Addison’s disease. In V.V,
(Fig. 6) there was a positive nitrogen balance of about 2 Gm. per day (die-
tary nitrogen, 13.3 Gm.; control urinary nitrogen, 10.3 Gm.) when pre-
gesterone was started. On 50 mg. per day his total nitrogen excretion rose
4.2 Gm., and took eight days to return to a new baseline which approxi-
mated nitrogen equilibrium. Inorganic phosphorus and potassium were
also lost during this catabolic phase. Urinary uric acid rose slightly. J.B.
(Fig. 7), the third Addisonian, was recovering from the inanition of uncon-
trolled adrenal insufficiency and showed a positive nitrogen balance of
approximately 6 Gm. per day when progesterone treatment was begun
(dietary nitrogen, 19.2 Gm.; control urinary nitrogen, 12.3 Gm.). Despite

610Z AN g0 Uo Jesn AieiqiT J8juad) [eoIpa|) Sexa | -euidipaly 10 Awepedy uoisnoH Aq 18881 /Z/v61 L/0L/S L Aorsqe-ajonie/wedl/woo dnooliwepeoe//:sdiy Woll pepeojumod



1202 LANDAU, BERGENSTAL, LUGIBIHL AND KASCHT Volume 15

CALORIES 249! PROGESTERONE, M V..
DIET N- |6 GM ONE, MG
333383338888%

- v
18| b

T -
16|
- WW// N s —~

: — N
12t TOTAL N

GM st
14 G-\

13
12} INORGANIC P

400 ) e
MG 300 \__‘_\/w"\.\, ------- 344

200- AMINO ACID N - . .
ot i
oM °of e/ /) rdoss

2t
o} CREATINE
12F

GM uof o e ~
oer CREATININE - —

———rr ey

mE 231

2108

200t N [\ 108

329
310
300 1
290
280
2190
269)
250)

mME 240

220 /

210

2 ey A 201

\ 7

180

1ea|. CHLORIDE v
100 -
S0

me o Vil —
79 70
o0l POTASSIUM M hd

\IMETABOLIC RATE e
O @m—r——ep—" B o
-5 4

o

Fia. 5. The effect of 50 mg. and 100 mg. per day of progesterone in an Addisonian
woman, V. W., on the excretion of several urinary constituents, and the metabolic rate.
Horizontal lines indicate the averages of control values. She received 50 mg. of cortisone
acetate and 3 mg. of desoxycorticosterone acetate per day throughout. Her diet was
318 Gm. carbohydrate; 100 Gm. protein (nitrogen, 16.0); 1563 Gm. fat; calories, 2,491.

* Normal saline, 500 ml. intravenously.

% Normal saline, 1,000 ml. intravenously. Dietary intake—146 Gm. carbohydrate;
65 Gm. protein; 73 Gm. fat; calories 1,501.

g Dietary intake—204 Gm. carbohydrate; 93 Gm. protein; 123 Gm. fat; calories,
2,283.
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Fia. 6. The effect of 50 mg. per day of progesterone in a 42-vear-old laborer with
Addison’s disease, V.V., on the excretion of several urinary constituents and on the
basal body temperature. He received 2 mg. of desoxycorticosterone acetate and 25 mg.
of cortisone acetate per day throughout the study. Broken horizontal lines indicate the
averages of control values. The diet was 278 Gm. carbohydrate; 83 Gm. protein (nitro-
gen, 13.3); 132 Gm. fat; calories, 2,623.
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Fra. 7. The effect of 50 mg. per day of progesterone on the excretion of several urinary
constituents in J.B., a 26-year-old man with Addison’s disease. He received 25 mg. corti-
sone acetate and 1 mg. desoxycorticosterone acetate each day. Horizontal lines indicate
the averages of control values. His diet was 366 Gm. carbohydrate; 120 Gm. protein
(nitrogen, 19.2); 161 Gm. fat; calories, 3,393.

this vigorous anabolic impulse, 50 mg. of progesterone per day led to an
elevated nitrogen excretion which averaged 15.4 Gm., or 3.2 Gm. per day
greater than the control value. Following treatment urinary nitrogen
declined slowly, and required eleven days to return to its original level. As
in the other Addisonians, inorganic phosphorus excretion was also en-
hanced, but potassium excretion was not affected in this subject.
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F16. 8. The comparative effects of 50 mg. per day of progesterone given to H.C., a
40-year-old man with Addison’s disease, before and after treatment with 1 mg. of
desoxycorticosterone acetate and 25 mg. of cortisone acetate daily, on the excretion of
several urinary constituents and on circulating eosinophils. The heavy vertical line indi-
cates the change in treatment of the adrenal deficiency; broken horizontal lines indicate
the averages of the initial control values. His diet was 176 Gm. carbohydrate; 73 Gm.
protein (nitrogen, 11.7); 105 Gm. fat; calories, 1,941.

Amino-acid nitrogen excretion was uninfluenced in all of the patients
with adrenal deficiency.

The natriuresis and chloruresis induced in the hormone-treated Addi-
sonians were dramatic, despite sizable control variations in sodium and
chloride excretion. Accompanying increases in urine volume were moderate.
In V.W. the urinary sodium loss (quantity in excess of the control average)
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was 819 mEq. and the chloride loss 546 mEq. In V.V. the sodium loss was
342 mEq. and that of chloride, 207 mEq. J.B. lost 198 mEq. of sodium and
128 mEq. of chloride. These losses were unquestionably substantial and
they were of clinical importance in at least one of the patients. In V.W. the
sodium loss was probably the dominating factor in the crisis which devel-
oped, though the serum sodium concentration did not reach a spectacularly
low level (132 mEq./L). Sodium and chloride losses were greatest during
the first forty-eight hours of progesterone treatment, as was usual in the
patients with apparently normal adrenal function; but a more sustained
loss of these ions was observed during the succeeding days of declining
excretion in patients with Addison’s disease. Only in J.B. (Fig. 7) did
compensation occur during treatment. The salt loss did not continue after
progesterone was stopped, but no distinct post-treatment retention of
sodium and chloride developed in these patients, although the losses in-
curred were much greater than those induced in the non-Addisonians.

In order more clearly to evaluate the role played by adrenal hormones
in the development of these effects of progesterone, H.C. (Fig. 8), a man
with adrenal deficiency, was given 50 mg. daily of progesterone while he
was maintained on only 8 Gm. of added salt, and again when cortisone and
desoxycorticosterone had been added in approximately replacement quan-
tities. In both circumstances the magnitude and the duration of the in-
duced catabolic processes were somewhat less than had been previously
observed in Addisonians. The patterns of urinary nitrogen excretion were
almost superimposable in the two instances. The urinary nitrogen elevation
averaged 1.0 Gm. per day before steroid replacement and 1.0 Gm. after-
ward; in both experiments the nitrogen increment continued for four days
after the last day of progesterone administration. As in M.K. (Fig. 1),
most of the increase in urinary nitrogen was urea.

Initially, urinary inorganic phosphorus was uninfluenced by pro-
gesterone administration in H.C. (Fig. 8). The introduction of cortisone
and desoxycorticosterone, however, was followed by a distinct and pro-
gressive lowering of phosphorus excretion. The second progesterone course
then induced a rise in urinary phosphorus which coincided with that of
nitrogen, and returned to the original low point after treatment. Urinary
creatine was also unaffected by the first progesterone course. The spontan-
eous creatinuria, like inorganic phosphorus excretion, was suppressed by
the introduction of cortisone and desoxycorticosterone treatment; sub-
sequently, a questionable rise paralleled the foregoing increases in nitrogen
and phosphorus. Urinary potassium was not noticeably influenced by
either course of progesterone, although it rose as expected following the
introduction of adrenal replacement therapy.

The influence of progesterone on urinary sodium and chloride was

610Z AN g0 Uo Jesn AieiqiT J8juad) [eoIpa|) Sexa | -euidipaly 10 Awepedy uoisnoH Aq 18881 /Z/v61 L/0L/S L Aorsqe-ajonie/wedl/woo dnooliwepeoe//:sdiy Woll pepeojumod



October, 1955 METABOLIC EFFECTS OF PROGESTERONE IN MAN 1207

strikingly different before and after the administration of cortisone and
desoxycorticosterone. When H.C. was treated only with 8 Gm. of added
salt, no effect was observed. The slowly diminishing course of excretion of
these ions seemed undisturbed by the progesterone. Desoxycorticosterone
and cortisone then caused the expected sharp retention of sodium and
chloride. Following this, progesterone induced a loss of both ions (sodium
232 mEq.; chloride 160 mEq.) which was of the order previously noted in
the other Addisonians.

The anticipated slight elevation in basal body temperature during treat-
ment with progesterone was observed in every subject, but there was no
fever. Metabolic rate determinations performed approximately twice a
week in M.K., J.S., M.P., and the Addisonian V.W. (Figs. 1, 2, 3 and 5)
furnished no conclusive evidence for a rise due to progesterone administra-
tion. In both M.P. and M.K. there might have been a slight increase in
B.M.R. In M.P. (Fig. 3), the B.M.R. before progesterone was —29 per
cent, and the peaks were —20 per cent on 50 mg. and —16 per cent on 100
mg. daily. In M.K. (Fig. 1) the controls averaged —17 per cent, the high
point on progesterone was —10 per cent, and a value of —9 per cent was
obtained two days after treatment. The slight malaise usually associated
with progesterone therapy could have accounted for these questionably
significant elevations. The very gradual and delayed upward trends in
V.W. and J.S. could be explained by the developing crisis in V.W. and an
increase in the severity of arthritic symptoms in J.S.

Circulating eosinophils were either uninfluenced, or there was a delayed
and protracted increase in concentration as noted in J.S. and H.C. (Figs.
2 and 8). The rising eosinophil counts seem to have resulted from a reaction
to the sesame oil and benzyl benzoate medium in which the progesterone
was dissolved, since injections of the oil alone induced similar elevations
in the eosinophil count in other subjects. However, the vehicle did not
account for the metabolic effects described. Its administration to 2 arthri-
tics (data not shown here) did not influence nitrogen metabolism or salt
excretion, although progesterone dissolved in the same amount of oil
evoked the usual catabolic response.

Urinary 17-ketosteroid excretion was not increased as a result of prog-
estrone treatment. A systematic 3-mg. decline and subsequent recovery
was observed in the young Addisonian, J.B. (Fig. 7), possibly reflecting a
suppression of testicular androgen secretion.

The excretion of urinary pregnanediol during progesterone administra-
tion tended to be somewhat greater than anticipated in those subjects in
whom it was determined. M.K. (Fig. 1) excreted 1.2 mg. daily prior to
therapy and 16.2 mg. per day in the sixth two-day pool during treatment.
The control level in M.P. (Fig.3) was 1.24 mg. In the last two days of the
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50-mg. dosage period she excreted 12.9 mg. of pregnanediol daily, and in the
next to the last pool, while receiving 100 mg. per day, the excretion was
22 mg. daily. J.S. (Fig. 2) excreted 11.5 mg. of pregnanediol daily in the
middle of his course of 50 mg. of progesterone per day, and 13.3 mg. daily at
the end of the course. The level of pregnanediol excretion in H.C. (Fig. 8)
reached 7.7 mg. daily the last two days of his first series of injections. In
X.C. (Fig. 4) the level rose to 8.1 mg. daily during treatment with 50 mg.
of progesterone daily, and only reached 8.9 mg. before the discontinuance
of the 100-mg. daily dosage of progesterone. The 50-mg. dosage thus pro-
duced pregnanediol elevations of 7 to 15 mg. per day. From these results
it would appear that daily doses of 50 mg. of progesterone are probably
slightly in excess of the maximum rate of progesterone secretion during
the progestational phase of the menstrual cycle. However, the quantities
of pregnanediol excreted indicate that 50 and 100 mg. daily are both within
the range of the amount of progesterone secreted per day during preg-
nancy.

DISCUSSION

The administration of progesterone increased urinary nitrogen excretion
in 12 subjects reported here, establishing that the hitherto isolated and
unappreciated report of Abels and Dobriner (10) is truly representative.
The benzyl-benzoate sesame-oil medium in which the progesterone was
dissolved was metabolically inactive, although the eosinophilia occasion-
ally seen after progesterone was reproduced by the oil alone. Minor local
irritations at the sites of injection occurred only occasionally. Except for
the 1 Addisonian in whom a crisis was induced by exaggerated metabolic
effects, and 1 arthritic whose rheumatoid process was apparently intensi-
fied, the progesterone provoked very slight malaise or none at all. No fever
was induced. The progesterone used had a high chemical standard of
purity. Accordingly, although a description of the effects of this hormone
as secreted is essential, the nitrogen dissipation so consistently seen here
commands attention as a response which is probably of physiologic signifi-
cance.

The large amounts of nitrogen lost in a long experiment suggest a rather
general catabolic response. Although the daily nitrogen increments were
never extreme, the accumulated loss from a protracted course of progester-
one represented considerable protein destruction. For example, in J.S. (Fig.
2) in whom the increase in nitrogen excretion averaged just 1.0 Gm. daily,
the aggregate loss of protein calculated from the nitrogen loss during
the thirty days of treatment approximated 750 Gm. Such amounts could
hardly be restricted to a single tissue or organ, with the exception of
muscle.
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The composition of the nitrogen loss offers no especial clue as to its source.
The increments in urinary nitrogen consisted mainly of urea, indicating
that the normal course of protein catabolism was followed. There was no
increase in amino-acid excretion and urinary uric acid rose very slightly.
Creatinuria was increased in only 1 subject, the Addisonian, V.W. (Fig. 5).
Since a crisis was developing at the time, however, the creatinuria may
have been secondary to the adrenal insufficiency itself rather than a pri-
mary effect of progesterone. The development of an enhanced creatine
excretion only in this unusual circumstance cannot be accepted as evidence
that muscle is a site of action of progesterone when nitrogen is lost.

Certain tissues may well be more or less selectively influenced by proges-
terone, just as the lymphoid tissues appear to be more sensitive to the
catabolic influence of excesses of adrenal corticoids (21). In all likelihood the
uterus, breast parenchyma and perhaps other tissues were spared here.
However, no conclusions concerning the locus of the effect can be drawn
from the data presented.

There was no evidence to suggest that the catabolic effect of progesterone
was the result of stimulation of the adrenal or the thyroid. The slight eleva-
tions in uric acid excretion did not resemble the prompt and substantial
rise in urinary uric acid characteristic of adrenal stimulation and no other
indications of adrenal activation, such as a rise in urinary 17-ketosteroids
(22), were observed. The response in Addisonians was even greater than in
subjects with normal adrenals.

The elevations in basal metabolic rate that were occasionally seen were
not always correlated with the loss of nitrogen, nor were they consistent
enough or of sufficient magnitude to suggest activation of the thyroid
gland. Anincrease in urinary creatine, which might suggest a thyroid effect,
did not occur with regularity. Furthermore the failure of urinary alpha
amino-acid nitrogen excretion to rise as part of the catabolic process dis-
tinguishes this response from the catabolism induced by adrenal and thyroid
hormones (23). It is therefore likely that the acceleration of protein catabo-
lism is a metabolic property of progesterone itself.

The data suggest a comment concerning the means by which progester-
one accelerates protein catabolism. The rise in basal body temperature of
0.3-0.4 degrees Fahrenheit due to progesterone is probably too small to
increase the basal metabolic rate detectably. However, calculations based
on basal calories indicate that a portion of the nitrogen loss might be ac-
counted for by the increased caloric requirement, provided the movement of
fat into the metabolic pool was simultaneously inhibited by progesterone.
For example in V.V. (Fig. 6), the basal calories of 1,370 per day would be
augmented by 27 calories as a result of the temperature elevation. On a
constant diet, 6.8 Gm. of protein must be mobilized to supply this energy.
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The metabolism of this quantity of protein would produce an increment in
urinary nitrogen slightly in excess of 1.0 Gm. Nitrogen excretion actually
rose 4.2 Gm. in V.V. as a result of the administration of progesterone, and
the elevation continued for six days after the basal temperature had re-
turned to its initial level. Accordingly, only a portion of the catabolic ef-
fect could be accounted for by this mechanism, and other perhaps more
direct processes for accelerating protein catabolism must be involved.

Although progesterone did not exert its catabolic force by acting through
the adrenals, the presence of active adrenal glands did affect the character
of the response. The catabolic process was generally more intense and en-
during in the patients with adrenal deficiency. Nitrogen losses were
greater in the Addisonians, and were accompanied by parallel increases in
urinary inorganic phosphorus. Potassium excretion was also enhanced in 2
of these subjects.

Several explanations can be offered for the more limited catabolic effect
of progesterone in subjects without adrenal defects. Although a final deci-
sion between alternatives cannot be made at this time, the matter is of
sufficient importance to warrant outlining the possibilities here. The
homeostatic influence of adrenal secretion could be exerted in four ways:
1) A stable quantity of corticoids may promote a situation conducive to the
maintenance of nitrogen equilibrium without exerting a direct influence on
protein metabolism (24). 2) Varying quantities of corticoids operating in
an indrect fashion may be required for the optimum support of protein
metabolism under different circumstances (24). 3) A direct protein-sup-
porting effect may be exerted by an increased secretion of corticoids. 4) A
specific anabolic secretion of the sort which has been previously proposed
(25, 26) may be elaborated to counteract the progesterone effect. Of these,
only the first suggestion does not involve an added secretion. If the
catabolic effect of progesterone were opposed in such an indirect manner,
the less intense catabolism induced in normal subjects could be explained
by the greater effectiveness of native corticoids as compared with the
cortisone and desoxycorticosterone used in treating the Addisonians. On
the other hand the more rapid termination of the catabolic response after
the discontinuance of progesterone in most of the subjects without
adrenal disease could be an indication of the active participation of the
adrenal glands in any of the manners suggested. The possibility that active
adrenal opposition was generated in response to the progesterone received
some support from the data on the effect of progesterone on sodium and
chloride excretion.

The consistent sodium and chloride dissipating influence of progesterone
came as a surprise, in view of its previously noted salt-retaining effects in
intact dogs and in adrenalectomized dogs, ferrets and rats (3-6), and in
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view of the absence of effect of progesterone on chloride excretion in an
Addisonian treated with added salt (8). The apparent disagreement was re-
conciled in part by the observations made on H.C. (Fig. 8). Results of this
study in an Addisonian demonstrated that the effect of progesterone on
sodium and chloride excretion differed, depending on the presence or ab-
sence of circulating adrenal hormones. The characteristic salt loss was in-
duced by progesterone while he was treated with desoxycorticosterone and
cortisone, but when he was maintained on salt alone, sodium and chloride
excretion was not influenced.

This difference in response between the treated and untreated Addi-
sonian can be best explained as an inhibition of the salt-retaining influence
of desoxycorticosterone and cortisone by progesterone. Presumably this
interaction occurs in the kidney. The natriuresis and chloruresis induced by
progesterone generally displayed the same pattern which has been re-
ported to follow the withdrawal of adrenal secretions or of active adrenal
preparations (27, 28). The peak excretion of sodium and chloride always
occurred soon after progesterone treatment started, and the maximal excre-
tion of these ions characteristically developed during the first few days of
adrenal deficiency. In both circumstances the losses of sodium substanti-
ally exceeded those of chloride. This competitive type of reaction, so clearly
demonstrated in the Addisonian H.C., would similarly account for the
salt loss in subjects with intact adrenals in whom the progesterone opposed
the intrinsic salt-retaining adrenal secretions. Thorn (29) has suggested a
similar competitive reaction between cortisone and desoxycorticosterone.

Thus, in the doses employed, progesterone may have no influence on
sodium and chloride excretion in the absence of adrenal secretions, and a
salt-dissipating effect in the normal subject or in the hormone-treated
adrenal-deficient human subject by virtue of a competitive inhibition of
adrenal steroids. The salt-retaining influence of progesterone in intact dogs
(5, 6) could be an effect peculiar to that species. However, large amounts of
progesterone are also salt-retaining in adrenalectomized dogs, rats and
ferrets. Much larger amounts of progesterone than those employed here
might also be salt-retaining in man.

The influence of progesterone on sodium and chloride excretion was
modified by the presence of active adrenals. Salt losses were less intense
and of shorter duration in normal subjects than in the treated adrenal-
deficient patients, and a compensatory retention of sodium and chloride
after progesterone was discontinued developed only in the subjects with in-
tact adrenal glands. The smaller losses of sodium and chloride induced in
the non-Addisonians could be accounted for by a less effective inhibition of
endogenous salt-retaining hormones by the administered progesterone.
However, the post-treatment retention of salt in these individuals cannot
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be so readily explained in this manner. In constantly maintained Addison-
ians, the lack of development of a sharp compensatory response despite
greater salt losses would suggest that the permissive role of adrenal hor-
mones cannot account for this protective reaction. Accordingly, the en-
hanced secretion of a salt-retaining adrenal steroid is postulated to explain
this process. Such increased adrenal secretory activity could also account
for the limitation of salt losses in the normal subjects. The particular secre-
tion involved here may be aldosterone (30).

Although the dosages cannot be said to apply to all of the natural
circumstances during which progesterone may be secreted, these results
indicate that the physiologic influence of progesterone in man cannot be
considered as being restricted to sex-linked structures. Androgen and
estrogen, the other sex hormones, have previously been shown to possess
general anabolic properties (31). The catabolic effect so consistently pro-
duced by progesterone in these studies places it, too, among the hormones
- which may play a role in the regulation of the growth process. This aspect
is particularly important in pregnancy, when very large amounts of proges-
terone are secreted. Its role here in the face of the rapid growth of the
fetus and certain maternal tissues is obscure. However, the possibility
that it inhibits the general deposition of protein in the maternal organism
in order to favor the growth of selected tissues and the fetus must be given
serious consideration.

This demonstration that progesterone may competitively inhibit the
salt-retaining influence of adrenal hormones and effect thereby a loss of
sodium and chloride is also particularly pertinent in its relationship to
pregnancy. In this manner progesterone could exert an inhibitory influ-
ence on the tendency of the pregnant organism to store salt and water.

These results also prompt a reconsideration of the role of progesterone
in the physiology of the menstrual cycle. The progesterone secreted in
the normal woman may exert an inhibitory influence on somatic growth
and could also be expected to enter into the control of salt and water
excretion. In these connections it is imperative that these studies be ex-
tended to include smaller dosages of progesterone.

SUMMARY

1. Approximately physiologic amounts of progesterone (50 to 100 mg.
daily) exerted a mild to moderately intense catabolic influence in men and
women.

2. The catabolic response was not mediated by the adrenal glands and
there was no decisive evidence that thyroid activation resulted from pro-
gesterone administration. It was concluded that the accelerated protein
catabolism was an effect of progesterone itself.

610Z AN g0 Uo Jesn AieiqiT J8juad) [eoIpa|) Sexa | -euidipaly 10 Awepedy uoisnoH Aq 18881 /Z/v61 L/0L/S L Aorsqe-ajonie/wedl/woo dnooliwepeoe//:sdiy Woll pepeojumod



October, 1955 METABOLIC EFFECTS OF PROGESTERONE IN MAN 1213

3. The nitrogen losses were usually greater in the patients with adrenal
deficiency. In these subjects the enhanced nitrogen excretion was usually
accompanied by an increase in urinary inorganic phosphorus, and in 2
cases urinary potassium was also elevated. The excretion of these constitu-
ents was not increased in non-Addisonians. Creatine retention accom-
panied progesterone treatment only in several normal subjects. These
differences indicated that the catabolic effect of progesterone was opposed
by adrenal secretions.

4. The same dosages of progesterone induced sharp rises in urinary so-
dium and chloride excretion, which were considerably greater in Addison-
ians treated with cortisone and desoxycorticosterone than in subjects with
apparently normal adrenal function. The sodium losses exceeded those of
chloride. Subjects with functioning adrenals retained sodium and chloride
in the immediate post-treatment period.

5. In a patient with Addison’s disease, progesterone induced no loss in
urinary sodium and choride when given prior to hormone replacement
therapy, and induced the usual natriuresis and chloruresis during treat-
ment with cortisone and desoxycorticosterone. It was accordingly sug-
gested that progesterone induced the salt loss by virtue of a peripheral
(renal) competitive inhibition of salt-retaining corticoids.

6. The post-treatment retention of salt which developed only in normal
subjects was suggestive of an enhanced secretion of salt-retaining corti-
coids. Such increased adrenal secretory activity could also explain the more
limited salt losses in subjects without adrenal defects.

7. These metabolic effects of progesterone should be considered both in
relation to the physiology of pregnancy and the menstrual cycle, and to the
hormonal regulation of somatic growth.
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