424

THE CANADIAN MEDICAL ASSOCIATION JOURNAL

[Nov. 1942

STUDIES IN THE METABOLISM OF PROGESTERONE*

BY MARTIN M. HOFFMAN

Montreal

HE classical observations of Fraenkel,* Loeb?

and Bouin and Ancel® during the period
1903 to 1910 established the corpus luteum as
an endocrine gland whose chief function is to
prepare the uterus for implantation of the
fertilized ovum. Progesterone, the active hor-
mone of the gland, was isolated and chemically
characterized in 1934. Within a short time the
organic chemist was able to develop synthetic
methods which have made available sufficient
crystalline progesterone to enable extensive
studies to be made of the physiological and
pharmacological properties of this hormone
under a variety of experimental conditions.
Now that the exact physiological rdle of the

corpus luteum has been established we are con-

cerned with still another problem which has as
its object the elucidation of the chemical changes
undergone by the progestational hormone in the
course of its inactivation and excretion by the
animal body. An understanding of such changes
has already resulted in the development of a
valuable laboratory method for the study of
luteal funection and, it is to be hoped, will pro-
vide information regarding ‘‘the chemical mech-
anisms involved when these hormones produce
their physiological effects in the organs and
tissues upon which they act’’.4

It is the purpose of the present communica-
tion to review briefly past studies of the inter-
mediary metabolism of progesterone and to
describe the progress of such studies which are
under investigation in these laboratories in col-
laboration with Drs. J. S. L. Browne and R.
D. H. Heard. .

Previous studies designed to follow the meta-
bolism of the corpus luteum hormone by the
estimation of progesterone-like material in blood
and urine by methods of bio-assay have been
singularly unsuccessful. Extracts prepared
from as much as 10 litres of urine from various
sources failed to exhibit progestational activ-
ity.> &7 Loewe and Voss,® however, did succeed

* Specially c¢ontributed to the Banting Memorial
Number of the Journal, November, 1942.
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in demonstrating the presence of 1 rabbit unit
of progesterone-like substance in 20 litres of
human urine collected during pregnancy and
the last half of the menstrual eyele. It is to
be noted that an equal volume of urine collected
during the first half of the menstrual cycle con-
tained no such activity. Even after the admin-
istration of relatively large doses of progesterone
to women Ehrhardt and Hagena® and Hamblen
and co-workers® were unable to demonstrate the
excretion of progesterone-like material in the
urine, Likewise Clausberg® and Bloch® failed
to prepare progestationally active extracts from
as much as 500 e.c. of blood of pregnant women.
One rabbit unit of detivity was found however
in 12 litres of sow’s blood..

The method of bio-assay employed by these
authors was that of Corner and Allen! or some
modification thereof which is dependent upon
the capacity of progesterone to transform the
endometrium of a suitably treated immature or
castrated rabbit into the progestational state. Its
sensitivity is such that 0.5 to 1 mgm. of proges-
terone (1 rabbit unit) is required to obtain a
positive response. Recently more sensitive
methods of assay have been devised and by their
use a progesterone-like substance has been
demonstrated in the blood of non-pregnant
rhesus monkeys'? and in pregnant guinea pig
blood.** Likewise Haskins'? has reported the
presence of approximately 0.13 gamma of pro-
gestationally active substance in 1 c.e. of serum
of pregnant women. The presence of but a
very small amount of progesterone in body
fluids is probably due in part-to the fact that
progesterone in the course of its metabolism is
converted into a progestationally inactive com-
pound, pregnanediol-3 (a), 20 (a).

Pregnanediol-3 (a), 20 (a), which will here-
after be referred to as pregnanediol, was first
isolated from human pregnancy urine in 1929
by Marrian.** Later in the same year it was
independently isolated from the same source by
Laqueur and co-workers!® and by Butenandt.1®
The latter, in collaboration with Hildebrandt
and Briicher'” succeeded in demonstrating the
relationship of this ecompound to the bile acids



Nov. 1942] HOFFMAN:

PROGESTERONE

425

and in 1931 established its structural formula.
The significance of the presence of this steroid
in pregnancy urine was not realized at this
time and the compound, due to its physiological
inactivity, received little attention. With the
establishment of the structural formula of pro-
gesterone by Butenandt and his group® and by
Fernholz' it became clear that these two steroids
were closely related chemically. As a matter of
fact the proposed formula for progesterone was
confirmed by the chemical conversion of preg-
nanediol into progesterone. This transforma-
tion served to emphasize the chemical relation-
ship between the two compounds. Inspection
of the formula of these two steroids (Chart 1)
makes this clear. It can be seen that preg-
nanediol differs from progesterone in that the
two ketonie groups and the double bond of the
latter have been reduced. It was this close
similarity that led Butenandt to suspect that
pregnanediol arose from the in vivo reduction
of progesterone and as such represented an
excretion produet of corpus luteum metabolism.
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Chart 1

The methods then available for the isolation
of pregnanediol were not suited for the detec-
tion of small quantities of this steroid and by
their use it was not possible to demonstrate any
physiological significance for the occurrence of
this compound in urine. An important step in
the development of a more sensitive method was
provided by the experiments of Odell and
Marrian?® which showed that pregnanediol is
excreted in human pregnancy urine not as a
free steroid but for the most part as a water
soluble complex from which free pregnanediol
can be released by acid hydrelysis. Later in
the same year Venning and Browne?! announced
the isolation of this eomplex and demonstrated
it to be a mono-sodium salt of pregnanediol
glveuronic acid. The following year Venning??
published details of her method, which consists
of the extraction of the conjugated pregnanediol

‘from urine with butyl aleohol and the sub-

sequent precipitation of the conjugate  with
acetone. The weight of the precipitate (sodium
pregnanediol glucuronide) is converted by
means of a factor into an equivalent weight of
free pregnanediol. This method of isolation
permitted the preparation of pregnanediol in
amounts greater than previously reported to
have been isolated from such urines and proved
to be technically suited for clinical use.

Using this technique Venning and Browne

‘were able to study the exeretion of pregnanediol

under- a variety of eircumstances.?*2¢ This
steroid was shown to be excreted early in preg-
naney and in increasing amounts as gestation
progresses, disappearing from the urine a few
days after parturition. During the menstrual
period they found that pregnanediol is exereted
in the urine only during the second half of the
cycle. In those cases in which it was possible
to estimate the time of ovulation it could be
shown that pregnanediol -appeared about 24 to
48 hours after this event and disappeared from
the urine again a few days prior to the onset
of the menstrual flow. The exeretion of preg-
nanediol was thus shown to occur at a time
when it is well known that a functional ecorpus
luteum is present. These observations have been
extensively confirmed by Wilson and associates,?
Stover and Pratt?® and others, and support
Butenandt’s hypothesis that pregnanediol is an
urinary excretion product of the corpus luteum
hormone.

Conclusive experimental proof of the conver-
sion of progesterone into pregnanediol was pro-
vided by the studies of Venning and Browne?®
in which the fate of injected progesterone was
determined. Following the administration of
19 to 30 mgm. of progesterone into women who
were not excreting pregnanediol they were able
to show that 12 to 46% of the injected hormone
appeared in the urine as pregnanediol. At-
tempts to confirm these findings by Hamblen
and co-workers?® and by Stover and Pratt?®
were unsuccessful. This was probably due to
the failure of these authors to inject a quantity
of progesterone sufficient to yield enough uri-
nary pregnanediol to be detected by the Ven-
ning method. It is imperative that adequate
precautions be taken to prevent the hydrolysis
of the pregnanediol conjugate by the addition
of a preservative to the urine. Later work has
made it clear that if these precautions are ob-
served the conversion of exogenous pregesterone:
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to pregnanediol can be demonstrated not only
in the human female®® 3* but also in the human
male. Thus Westphal and Buxton®*? and more
recently Hamblen and co-workers®® have been
able to show that injected progesterone in men
is exereted in good yield as pregnanediol
glucuronide.

Although the presence of pregnanediol in
the urine of normal non-pregnant women is de-
pendent upon the existence of a functioning
corpus luteum it must be pointed out that
pregnanediol can be excreted in the absence of
this gland. Thus it has been shown that certain
patients in whom the corpus luteum of preg-
nancy has been excised pregnanediol continues
to be excreted in the urine.®* It is generally
assumed that under these circumstances preg-
nanediol arises from the metabolism of proges-
terone elaborated by the placenta. The oeccur-
rence of small quantities of pregnanediol in the
urine of ovariectomized non-pregnant women®:
and normal men®*® points to an extra-ovarian
source which is most likely the adrenal cortex.
The isolation of crystalline progesterone from
the adrenal cortex® strengthens this view, and
may indicate the origin of a part at least of the
pregnanediol excreted under these conditions.
In addition, pregnanediol of adrenal origin
might arise during the metabolism of steroids
other than progesterone. In this connection it
is of interest that Cuyler and his associates®®
recovered pregnanediol, as the glucuronide,
from the urine of men following the adminis-
tration of desoxycorticosterone acetate, a
naturally oceurring steroid of the adrenal
cortex.®® The isolation of large amounts of
pregnanediol from the urine of women with ad-
renal cortex hyperplasia or adrenal carcinoma
is further evidence that this compound may
arise during the metabolism of adrenal cortical
steroids.*°

Pregnanediol assays have proved to be of
considerable value in the investigation of
various obstetric and endocrine disorders.
Since pregnanediol is a metabolite of proges-
terone, its occurrence in the urine of a non-
pregnant woman can generally be considered
to be indicative of the presence of an actively
functioning corpus luteum and indirectly of the
occurrence of ovulation. Its quantitative esti-
mation under these circumstances serves as an
index of luteal activity. Pregnanediol deter-
minations are useful in following the course of
pregnancy where a diminution of excretion may

be indicative of a pathologic change such as
threatened abortion or death of the fetus.®
The excretion of pregnanediol in association
with amenorrhea has been used by Wilson and
associates?? and by Hain and Robertson*® as an
aid in the diagnosis of pregnancy. Some in-
vestigators, notably Smith and Smith,** are of
the opinion that there is a diminished excretion
of pregnanediol in the tox@zmias of pregnancy.
This fact has figured prominently in their ex-
planation of the hormone imbalance which they
consider to exist in toxe@mias, and pregnanediol
assays have been found useful by them in fol-
lowing the course of the toxsemia.

The metabolism of progesterone involves a

number of factors which ecan be studied ade-
quately in the human subject only with great
difficulty. It therefore becomes desirable to
make available for experimental investigation
a laboratory animal which metabolizes proges-
terone as does the human being. With this ob-
ject in view the steroid metabolism of a number
of the common laboratory animals has been
examined.
* Although free pregnanediol had been isolated
from the urine of pregnant cows,* mares*® and
chimpanzees*” and the urine of bulls** prior to
the studies herein described, pregnanediol glu-
curonide had been isolated only from the urine
of the human male and female. Thus the urine
of normal and pregnant rabbits, cats and
monkeys,* the urine of pregnant chimpanzees®®
and the urine of male monkeys* and bulls®
was found not to contain sodium pregnanediol
glucuronide when these urines were worked
up by the Venning method. Nor had the con-
version of progesterone to pregnanediol been
demonstrated for any species other than the
human. Westphal and Buxton*® were unable
to detect sodium pregnanediol glucuronide in
the urine of monkeys treated with proges-
terone. Likewise Fish and others* failed to
demonstrate pregnanediol glucuronide in the
urine of guinea pigs to which progesterone and
sodium pregnanediol glucuronide had been ad-
ministered. Marker and Hartman® in a care-
ful examination of the urinary steroids of a
pregnant monkey which had received over a
gram of progesterone were unable to isolate
pregnanediol or any other end-product of pro-
gesterone metabolism.

Because of this apparent species difference in
the metabolism of progesterone we were in-
terested in investigating further the metabolism
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of this compound in laboratory animals. In
the course of the present study the metabol-
ism of crystalline progesterone was followed
in normal and ovariectomized-hysterectomized
adult female rabbits and in normal and ecas-
trated male rabbits. The progesterone dis-
solved in oil was administered in amounts vary-
ing from 187 to 550 mgm. either orally or
parenterally over a period of 1 to 5 days. In
3 instances o-cestradiol or cestrone was ad-
ministered concomittantly. In the earlier
experiments the pregnanediol was isolated from
the acid hydrolyzed urine and feces as the free
steroid by methods previously described by
Heard and associates®® and by Hoffman and
Browne,* in later experiments it was isolated
from the urine as the glucuronide by the
method of Venning. The results of these
studies are indicated in Table 1.

excretes the metabolite in the same conjugated
form and thus becomes a suitable test animal
upon which to study the factors which influence
this metabolic process.

The factors which may be considered to have
an influence on the metabolism of progesterone
and the subsequent urinary excretion of sodium
pregnanediol glucuronide are: (a) formation of
progesterone, (b) conversion of progesterone
into pregnanediol, (¢) conjugation of preg-
nanediol with glycuronic acid, (d) excretion of
sodium pregnanediol glucuronide by the kid-
ney, (e) excretion of pregnanediol in the
feeces, (f) excretion of metabolites of proges-
terone other than pregnanediol. The urinary
excretion of pregnanediol glucuronide indicates
that the first four factors are functioning prop-
erly. The absence of this compound from the
urine may indicate the failure of one or more of

TasLE 1.

RECOVERY OF PrREGNANEDIOL IN THE URINE FoLLOowING
THE ADMINISTRATION OF PROGESTERONE TO RABBITS

Urinary pregnanediol
Test animal‘ Hormone administered 1solated
No. of Quantity %
animals State Route Hormone Mgm. |Mgm.| Conversion*
3 (Estrus Intraperitoneal a-Estradiol 360 21.2 6.3
Progesterone 336
2 (Estrus Subcutaneous Progesterone 187 13.4 7.2
-2 Hysterectomized-| Subcutaneous a-(Estradiol 350 5.7 1.9
Ovariectomized Progesterone 300
2 (Estrus Subcutaneous rone 300 14.2 4.7
) Progesterone 300
2 Nﬁr?al Oral Progesterone 500 48.0 9.6
ale
2 Caﬁt{;?md Oral Progesterone 528 62.6 11.8
e
2 Caﬁ;lated Subcutaneous Progesterone 506 42.4 8.3
e
2 N L(‘)Il;iml Oral Progesterone 550 48.81 9.0
e .

Iso

Both the male and female rabbit convert exo-
genous progesterone into pregnanediol. The
extent of this conversion varies from 4.7 to
11.8% and approximates the degree of recovery
demonstrated for similarly treated human sub-
jeets. First attempts to isolate the conjugated
form of pregnanediol by the Venning method
met with failure due to the presence of im-
purities which interfered with its isolation. It
was found that slight modification of this pro-
cedure permitted the isolation of sodium preg-
nanediol glucuronide consistently from the
urine of female®® and male®* rabbits which had
received progesterone. The rabbit then not
only metabolizes progesterone as does man but

*Expressed as percentage of the quantity of progesterone administered.
Ya.ted as sodium pregnanediol glucuronide (81.3 mgm.)

these factors or the operation of one or both
of the last two. An understanding of these
factors affecting pregnanediol excretion would
enhance considerably its diagnostic value.

Since the present studies are concerned with
the metabolism of exogenous progesterone it is
not within the scope of this paper to discuss
the factors which influence the formation of
progesterone,

CONVERSION OF PROGESTERONE INTO
PREGNANEDIOL

Originally the endometrium was considered
to be essential for the conversion of progester-
one into pregnanediol. In a note published in
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1938, Venning and Browne? stated that two
hysterectomized patients each of whom had been
injected with 24 mgm. of progesterone failed
to excrete pregnanediol. Hamblen and co-
workers?® observed that curettage of the endo-
metrium during the luteal phase of the men-
strual cycle resulted in the disappearance of
pregnanediol from the urine and therefore con-
cluded that the endometrium was necessary for
the metabolism of progesterone. Buxton®® and
Venning and Browne®*® however in recent
studies have shown that if sufficiently large doses
of progesterone (90 mgm.) are administered to
hysterectomized patients pregnanediol ecan be
isolated from the urine. In view of these con-
flicting reports we investigated the fate of pro-
gesterone in the bilaterally salpingo-ovariec-
tomized hysterectomized rabbit. Following the
administration of 300 mgm. of progesterone to
2 such rabbits 5.7 mgm. of pure pregnanediol
were isolated from the wurine. While these
studies were in progress Jones and Te Linde®
confirmed the ability of hysterectomized women
to convert crystalline progesterone into preg-
nanediol. Evidence was also adduced that these
patients were capable of metabolizing endogen-
ous progesterone as pregnanediol glucuronide
was recovered from their urine at a time when
they were estimated to be in the luteal phase of
the menstrual eycle. In view of these findings
the uterus cannot be considered to be a neces-
sary adjunct to the conversion of progesterone
into pregnanediol. This of course does not ex-
clude the possibility that under normal condi-
tions the uterus may play a réle in this inter-
conversion.

That the uterus may have some influence on
the metabolism of progesterone is indicated by
a comparison of the percentage yield of preg-

“nanediol from a given quantity of progesterone
in women whose endometria are in - different
stages of development. Following the admin-
istration of progesterone to 3 patients with
amenorrhea with hypoplastic endometria Ven-
ning and Browne®® noted the excretion of only
a trace of pregnanediol. However when the
progesterone was administered following pre-
treatment with cestrogens 12 to 18% of the in-
jected hormone was recovered as pregnanediol,
and the endometrium underwent progestational
changes which it had failed to do when pro-
gesterone was administéred without estrogenie
pretreatment. © No' correlation however was
shown to exist between the amount.’¢f pregnane-
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diol recovered and the degree of progestational
effect. Still higher recoveries (20 to 55%) of
pregnanediol following injections of progester-
one were obtained by these workers when the
hormone was administered in the luteal phase
of the menstrual eyele or in early pregnancy.
It should be noted that in these particular cases
pregnanediol was already being exereted from
the metabolism of endogenous progesterone so
that only an approximate estimate can be made
of the increased excretion of pregnanediol due
to the injection of progesterone. The available
evidence, although still incomplete, indicates
that the presence of a normal proliferated en-
dometrium facilitates the conversion of pro-
gesterone to pregnanediol.

Marker and co-workers®® have demonstrated
that the bull excretes twice as much pregnane-
diol as the pregnant cow. However the urine
of steers castrated in infancy did not contain
any pregnanediol.®® This observation has given
rise to the suggestion that the testis may in some
way be involved in the econversion of pro-
gesterone into pregnanediol. To test this hypo-
thesis progesterone was administered to male
rabbits prior to and after castration. There
was no significant difference in the amount of
pregnanediol recovered, 9.6% of the admin-
istered progesterone was isolated as,pregnane-
diol from the normal male rabbit and 11.8%
after castration. The testis then does not ap-
pear to be essential for the metabolism of
progesterone.

CONJUGATION OF PREGNANEDIOL WITH
GLYCURONIC AcCID

That the method of conjugation might not
be the same in all species is indicated by the
failure to isolate sodium pregnanediol glucuro-
nide from the urine of various animals which
are known to excrete pregnanediol. Up to the
present only the human being and the rabbit
have been shown to excrete pregnanediol as
the glucuronide. '

The method of Venning estimates sodium
pregnanediol glucuronide only. . Free preg-
nanediol or pregnanediol conjugated with a
detoxifying agent other than glyeuronic acid
would not be ‘detected in urine processed by
this procedure.: Although it is very unlikely
that more thar atrace of free pregnanediol is
excreted normally the possibility that preg-
nanediol might be present in urine, in part at
least, in a form other than the glucuronide has
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not been excluded. For the glucuronide estima-
tions to have quantitative significance in relation
to progesterone metabolism it must be shown
that it is the major form in which pregnanediol
is excreted by the kidney. The presence of preg-
nanediol in human urine in a form other than the
glucuronide has not been established. Studies
upon the rabbit indicate that there is no signi-
ficant difference in the amount of free preg-
nanediol isolated from acid hydrolyzed urine
of progesterone treated animals from that iso-
lated as the glucuronide. As the conditions of
acid hydrolysis employed were such that preg-
nanediol would be expected to be freed from
any conjugated form in which it is likely to be
excreted it would appear that in the rabbit at
least pregnanediol is excreted for the most part
if not entirely as the glucuronide.

It is generally assumed that the conjugation
of pregnanediol takes place in the liver. Is it
not possible that in some forms of liver damage
the glycuronic acid conjugating mechanism
might be impaired and under these circum-
stances pregnanediol, if it is excreted at all,
might appear in the urine in a form other than
the glucuronide, perhaps as the sulphate in
which form it is- known that cestrone®® and
androsterone®* are excreted? The effect of
partial hepatectomy and liver damage on the
excretion of pregnanediol by the rabbit is now
under investigation in these laboratories.

EXCRETION OF SODIUM PREGNANEDIOL
GLUCURONIDE BY THE KIDNEY

Little is known of the effects of renal effi-
ciency on the excretion of pregnanediol.
Hamblen and his collaborators?® have sug-
gested that the temporary interruption of preg-
nanediol excretion occasionally observed by
them during the luteal phase of the menstrual
cycle might be the result of changes in renal
activity. Cope®! compared the hourly excretion
rates of pregnanediol with those of ereatine and
creatinine during labour and concluded that
changes in renal activity affect pregnanediol
excretion to approximately the same extent as
they affect the excretion of creatine and
creatinine. The abnormally small amounts of
pregnanediol glucuronide excreted by preg-
nant women with eclampsia has been shown by
Bachman and co-workers®® to occur simul-
taneously with the onset of proteinuria and to
be associated with this phenomenon during the
remainder of gestation. They are of the

opinion that this depression in execretion need
not necessarily be due to defective renal action,
and suggest that it is more likely an expression
of faulty synthesis or conjugation of preg-
nanediol to form the glucuronide. That im-
pairment of renal function can have a marked
effect on the excretion of pregnanediol is in-
dicated by the failure of Cope®! to isolate preg-
nanediol glucuronide from the urine of late
pregnancy of two women with chronic neph-
ritis. Before any determining rbéle can be
ascribed to the abnormally low excretion of
pregnanediol - in the pathogenesis of the
toxemias of pregnancy it must be satisfac-
torally demonstrated that such low exeretion
is not the result of impairment of renal fune-
tion but of deficient secretion or faulty meta-
bolism of progesterone.

As a preliminary to an investigation of the
effects of various forms of kidney damage on
the urinary excretion of pregnanediol we de-
termined the curve of urinary elimination of
this compound following the administration of
progesterone and sodium pregnanediol glucuro-
nide to normal rabbits. The progesterone as
an oily solution and the sodium pregnanediol
glucuronide dissolved in water were given at a
single injection and the urinary excretion of
pregnanediol glucuronide determined at 24-
hour intervals. Following the administration
of progesterone intramuscularly or subeutane-
ously the curve of excretion of pregnanediol
assumed a characteristic form shown in curves
A and B of Chart 2. The time required for the
complete elimination of the pregnanediol com-
plex was found to be three days. Only a trace
of pregnanediol glucuronide was excreted in
the first 24 hours following the injection; the
major portion appeared in the second 24-hour
collection of urine followed again by a trace
in the third 24-hour specimen. A similar time
lag in the excretion of this compound has been
observed by Venning and Browne®*® following
the administration of progesterone to patients
with amenorrheea and metropathia heemor-
rhagica, and by Hamblen and co-workers
following the injection of progesterone to nor-
mal men. When progesterone was injected by
the former authors during the luteal phase of
the ‘menstrual cycle or in early pregnancy it
was observed that the increased excretion of
pregnanediol occurred immediately. This led
them to suggest that it takes some time for the
mechanisms leading to the excretion of preg-
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nanediol to become effective if they are not
already operative prior to the injection, as in
the case of the luteal phase of the menstrual
cyele or in early pregnancy.

To gain further insight into the explanation
of this 24-hour lag in excretion a single dose of
sodium pregnanediol glucuronide was adminis-
tered subcutaneously and intravenously and the
rate of pregnanediol excretion determined
(Chart 2, curves C and D). Although the time
required for complete elimination of the preg-
nanediol by the kidney was still two to three

EXCRETION OF PREGNANEDIOL IN THE F&CES

For urinary sodium pregnanediol glucuronide
assays to have quantitative significance in rela-
tion to progesterone metabolism it must be
demonstrated that little if any pregnanediol is
excreted by other routes. Since it is known that
estrogens® and androgens®* are excreted in the
feeces it was considered not at all improbable
that pregnanediol might be similarly execreted.
To investigate this possibility acid hydrolyzed
faeces of progesterone treated rabbits were
examined to determine the presence of preg-

days these curves of elimination differ from nanediol by a method developed in these
those following progesterone administration in laboratories.™
40.mg 383
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Chart 2.—The urinary excretion of the pregnanediol complex following the administration of progesterone

and sodium pregnanediol glucuronide to rabbits.

Numerals in square signify the total excretion of sodium pregnanediol glucuronide.

Curves A and B.—Following the administration of progesterone intramuscularly

cutaneously (275 mgm.) respectively.

(300 mgm.) and sub-

Curves (' and D.—Following the administration of sodium pregnanediol glucuronide subcutaneously (150

mgm.) and intravenously (135 mgm.) respectively.

that the excretion of pregnanediol was im-
mediate, one-third to one-half of the total ex-
creted pregnanediol appearing in the first 24-
hour specimen of urine. It would seem then
that the time lag is not the result of delayed
exeretion of sodium pregnanediol glucuronide
by the kidney but is concerned with either (a)
the rate of absorption of progesterone, (b) the
rate of conversion of progesterone into preg-
nanediol, or (¢) the rate of conjugation of
pregnanediol with glycuronic acid. Which of
these factors is responsible could be ascertained
by determining the curve of execretion follow-
ing the administration of progesterone and
pregnanediol intravenously.

It was found that when progesterone was
injected subcutaneously in the quantities in-
dicated in Table II it was not possible to
demonstrate pregnanediol in the faces. How-
ever D to 7.1% of the progesterone given by
gavage could be recovered as pregnanediol
from the faeces. A possible explanation of the
occurrence of pregnanediol in the faces under
these conditions is that it arose from the redue-
tion, perhaps through bacterial action, of un-
absorbed progesterone in the gastrointestinal
tract. In view of the failure of parenterally
administered progesterone to be excreted as
pregnanediol in the faces it seems improbable
that under normal conditions endogenous pro-



Nov. 1942] HOFFMAN :

PROGESTERONE

431

—_— e T e

gesterone could be so excreted. To settle this
point it is proposed to determine the steroid
content of the feeces of pregnant women,

EXCRETION OF METABOLITES OF PROGESTERONE
OTHER THAN PREGNANEDIOL

As the conversion of progesterone into preg-
nanediol involves the addition of hydrogen to
the three reducible groups of the former com-
pound many partly reduced intermediary com-
pounds are theoretically possible in the course
of this reduction. Several of these have already
been isolated from human pregnancy urine by

4. Pregnanediol is excreted in the fmces of
rabbits receiving progesterone orally but not
when the hormone is administered parenterally.

5. The factors affecting the metabolism of
progesterone and the subsequent exeretion of
sodium pregnanediol glucuronide are discussed.

The author is indebted to the Banting Research
Foundation for support of this investigation.

The technical assistance of Mr. V. E. Kazmin is grate-
fully acknowledged.

The progesterone used in these studies was supplied
by the Schering Corporation, Bloomfield, N.J., through
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RECOVERY OF PREGNANEDIOL IN THE FECES AFTER THE
ADMINISTRATION OF PROGESTERONE TO RABBITS

Fzcal pregnanediol
Test animal Progesterone administered 1solated -
No. of animals State Route Mgm.\Mgm.| % Conversion*
1; Ry Normals |40 mgm. pr ediol added to faces 25 62.5
2; R.Rg Castrated ubcutaneous 506 | 0 0
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2; R3zgR31 | Normals Oral 550 | 39 7.1%
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*Expressed as percentage of progesterone administered.
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generally been ignored in considerations of pro-
gesterone metabolism. To determine if such

compounds arise in the rabbit during the eourse

of progesterone metabolism the neutral urinary
steroids excreted following the administration
of approximately 800 mgm. of progesterone to
normal female rabbits were examined. - Preg-
nanediol was the only compound isolated.
Neither the partly reduced intermediates or
isomers of pregnanediol were detected. We
must therefore conclude that pregnanediol is
the major end-product of progesterone metab-
olism in the rabbit.

SUMMARY

1. The conversion of progesterone into preg-
nariediol by the male and female rabbit has
been demonstrated.

2. The pregnanediol is excreted as the glucu-
ronide in this species.

3. It has been shown that the uterus and the
testis are not essential for the interconversion
of progesterone into pregnanediol.
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M. M. AND BROWNE,

SYCHONEUROSIS IN THE CANADIAN ARMY OVERSEAS

By H. H. HYLAND LIEUTENANT-COLONEL R. C AM.C. aND
dJ. C. RICHARDSON MaJgor, R.C.AM.C.

No. 1 Neurological Hospital, Canadian Army Overseas

HE prolonged sojourn of the Canadian

Army in Britain, without being engaged in
active warfare, has led to a unique situation
from the standpoint of the mental health of the
soldiers. True war neuroses associated with
the mental stress of violence, excessive fatigue
and fear of injury are few, yet neurotic dis-
orders constitute an important problem because
of the presence of a large number of predis-
posed individuals in the army, and also because
of certain disturbing elements in military life,
such as separation from families, boredom, in-
activity and indefinite waiting.

This report is a survey of our experiences at
No. 1 Neurological Hospital, R.C.A.M.C., where
a large proportion of the psychoneurotic dis-
orders of the Canadian Army have been sent
for investigation, treatment and disposal. The
figures given are based on admissions to hos-
pital and do not include the large number of
cases seen in the out-patient clinie. An attempt
has been'made to determine the factors predis-
posing to these disorders and to discuss the
common, immediate precipitating conditions.
Certain general conceptions of neurosis are out-
lined, prineciples of disposal and treatment are
considered in some detail, and results are re-
viewed. The special problem of aleoholism as
related to neurosis is being considered in a

separate paper which is now being prepared
for publication. The aims of this report are to
record our experiences in the hope of providing
some information of general value, to present
data that may be of use to medical boards in
Canada, and to provide medical officers with
some basic principles that may be of practical
value in dealing with personality disorders.

GENERAL CONSIDERATIONS OF SYMPTOMS
‘oF NEUROSIS

A tendency still prevails to look upon neuro-
tic symptoms in a.vague, mystiecal light, or to
consider them as a product of the imagination
or of wilful simulation. With the latter atti-
tude, the neurotic tends to be regarded, and
even openly called, a ‘‘lead-swinger’’, ‘‘bloody-
minded’’, or other similar epithets. Not un-
commonly he is left with the impression that
his medical officer considers him a eriminal of
despicable type. The true psychoneurotic pa-
tient then becomes resentful and determined ;
he may exaggerate his symptoms to prove his
case and probably will be reticent and unco-
operative in later attempts at treatment. This
is not a plea for excessive sympathy and gentle-
ness, but merely for a ecareful, informed
approach to neuroses. The necessity for diag-
nosing and dealing firmly with the actual



