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Despite the numerous reports on the hormone
content of human blood and urine, only a hazy
concept of the actual and relative content of
gonadotropic substance in urine or blood exists.
As recently as June 10, 1937 the consensus at
the meeting of the Section on Obstetrics, Gyne-
cology,. and Abdominal Surgery, at the Eighty-
Eighth Annual Session of the American Medical
Association seemed to be that, although the hor-
mone assays were of scientific interest, they had
little clinical value as yet. To quote two opinions
concerning hormone assays, Emil Novak said,
" The papers we have heard today illustrate the
usual inadequacy of blood and urine hormone
studies in pointing the way toward successful
treatment." (1); and Elmer Sevringhaus said,
"These studies are still to be reserved for the
highly experimental clinics, because assay technics
are far from being uniformly reliable." (2).

The three most important underlying difficulties
with the gonadotropic assays to date appear to
be: (1), lack of adequate assay methods; (2),
lack of reliable concentration methods; and (3),
lack of a thorough knowledge of the normal physi-
ology of gonadotropic hormones in the human
beirng.

The assay methods have recently been improved
by the introduction of reliable technics using the
immature mouse (3) and the immature rat (4).
The problem of urine concentration has also been
simplified recently by Levin and Tyndale (5) who
introduced the tannic acid method, and by Heller
and Heller (6) who have successfully applied
Zondek's alcohol-ether concentration method.
This paper attempts to add information concern-
ing the third problem, namely, the excretion rate

' This research was supported by a Special Grant from
the Wisconsin Alumni Research Foundation and a Re-
search Fellowship provided by the Schering Corporation,
both administered by Dr. E. L. Sevringhaus, and assisted
in part by the University of Wisconsin WPANatural
Science Project.

of the gonadotropic hormone of women during
and after the menopause.

The specific questions we have tried to shed
light on are:

(a) Is there any relationship between age and
gonadotropic hormone titer?

(b) Is there a constant relationship between
gonadotropic excretion of menopausal women
who have symptoms and of those who do not?

(c) Is the gonadotropic content of urine re-
duced after the menopause is passed?

(d) Do surgical or radiation castrates differ
from menopausal women in their gonadotropic
excretion; is the amount of time elapsed since,
castration important?

(e) What is the urinary gonadotropic excre-
tion of patients with involutional psychoses?

(f) What is the urinary gonadotropic excre-
tion of patients who have been hysterectomized?

(g) What is the urinary gonadotropic excre-
tion of normally cycling women of menopausal
age ?

(h) How rapid and how great is the change
from the cycling condition to the menopausal
condition?

However, before these questions are answered,
it is necessary to present more specific informa-
tion about the excretion of gonadotropic hormones
by normal menopausal women. The following
facts will be discussed; the extent of the normal
daily variation in excretion; how dilution, con-
centration, and time of voiding (that is, night
or day specimens) vary the assays; and whether
women still exhibit cycles of excretion after the
climacteric.

MATERIALS AND METHODS

In most instances, the patients were hospitalized cases;
in no instance was there any obvious metabolic disturbance
other than the menopause. syndrome. Urine collections
were made on both a 12-hour (overnight) and a 24-hour
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basis. The urine was placed in an ice chest immediately
upon voiding; no preservatives were used. An aliquot
sample of the total 12 or 24-hour specimen was pre-
cipitated. The final eluted material was so divided as to
represent a specific fraction of the original volume, this
fraction is referred to as the " equivalent dose." The
concentration method has been previously described (6).
The rats were slightly older than in previous reports
(4, 6), 24-day-old rats being used because of their better
tolerance for the concentrates. Graded equivalents of
the original urine were injected in 0.5 or 1.0 cc. doses 2
times per day for 3 days; autopsies were performed on
the fourth day. Since from 1 to 10 rats were in-
jected with different equivalent doses, a theoretically
complete curve of response to dose was determined for
each specimen of each patient. From this curve the
minimal volume of urine necessary to produce a minimal
uterine stimulation was approximated. The ratio be-
tween doses causing minimal uterine weight changes and
doses causing minimal ovarian weight changes was
roughly one to two. In most cases, minimal stimulation
was roughly calculated from the observed response to
known equivalents. This is illustrated by a typical case
(Table I) where 6 rats were used on 4 different dose
levels. The conclusion in this case was that the minimal
stimulating dose must lie between 25 cc. and 12.5 cc.
equivalents, since the response was quite positive at j25
cc. and completely negative- at 12.5 cc. A working unit
of 18 was therefore adopted. It is recognized that this
is a rough estimate, and that it could be improved by
using more animals and more dose levels. However, it
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TABLE I

Illustrating the results of gonadotropic assays
on a single urine specimen

NAMEST DATEApril 22, 1938 24-HouR COLLECTION
TOTALVOLUME:1340 cc. ALIQUOTS: 500 cc.
METHODSOF PRECIPITATION: Alcohol-ether
DATEOF PRECIPITATION: April 24
DATEOF INJECTION: April 26 AGE OF RATS: 24 days

Dose* Amount Uterine Uterine Ovaianinetd weight weight wihinetd + fluid - fluid wih

CC. mgm. mgm. mgm.
100 1.0 225 110 80
50 0.5 213 84 57
50 0.5 260 101 35
25 0.5 208 105 30
25 0.5 190 84 36
12.5 0.5 22 11.2

* Volume
derived.

of urine from which material injected was

has proved to be a serviceable estimate for making com-
parisons.

The maximal daily variation in gonadotropic excre-
tion was determined for several patients during long
periods under the most varied conditions. Figure 1
illustrates the results from a patient aged 71 years. This
case was chosen to illustrate daily variations because,
first, it shows the most extreme variations ever seen in
this laboratory and second, it was observed the longest,
a little over 3 months. The following variation in con-
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FIG. 1. DAILY VARIATION IN GONADOTROPIcHoRmoNi OUTPUT FOR A 71-YEAR-OLD POSTMENOPAUSALWOMAN

The minimal volume of urine-cc. indicates the least amount of urine that had to be concentrated in order to
stimulate uterine developtnent in the rat.
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ditions should be noted: (1), A complete 24-hour urine
specimen was not always secured; (2), Refrigeration was
omitted occasionally; (3), Length of time between urine
collection and precipitation varied from 1 day to 6 weeks
-without any preservative, but with refrigeration; (4),
Length of time between precipitation and preparation of
solution varied from 1 day to 2 months; (5), Length of
time between preparation of solutions and injection
varied from 1 to 10 days; (6), Responses of immature
rats used are inherently variable; to this natural varia-
tion can be added the factors of toxicity of some speci-
mens and not of others, subcutaneous hematomas causing
occasional leakage; and finally, the variation in laboratory
skill attending the concentrating of the urine. From
Figure 1 it can be seen that the average response was at
34.8 cc. equivalents, the minimal response at 20 cc.
equivalents, and the maximal response at 80 cc. equiva-
lents. In percentages the most extreme variation from
the mean response over the 3-month period was 43 per
cent in the case of the minimal and 130 per cent in the
case of the maximal.

The low assays were more probably due to any or all
of the above mentioned variations than the high as-
says. The only condition that might cause a false high
assay is an incomplete specimen that contains the highly
concentrated night urine. Therefore, in a practical inter-
pretation of an individual result, more faith may be put in
the higher assays.

In the above case no corrections were made for varia-
tions in volume (which were substantial) because of the
known incompleteness of the collections. When and if
completeness of collection is secured, a correlation can be
found between volume and response. In general, it was
observed that the response per unit volume varied in-
versely with the volume itself.

A study of the day-to-day variations, which in all other
cases were smaller than those in the case discussed above,
indicates that not more than 3 samples collected on con-
secutive days are needed to furnish a satisfactory esti-
mate of gonadotropic hormone content of the urine from
a given patient. To date, no indication of any cyclic va-
riations in excretory activity during or after the meno-
pause has been noted. Twelve-hour night specimens offer
the advantage of originally supplying the gonadotropic
hormone in a more concentrated form than khe 24-hour
specimens. They were therefore adopted for routine col-
lections.

RESULTS AND DISCUSSION

Urines from 66 patients were concentrated and
assayed as described. The ages of the patients
ranged from 24 to 77 years.

From Figure 2 it can be seen that, when classed
according to titer, the patients fall into three
general classes. (1) Those whose urines showed
very low gonadotropic potency were all from pa-
tients exhibiting regular normal cycles. (2)
Those whose urines ran the whole gamut of titers

from the lowest to the highest were from women
having irregular cycles. (3) Those whose urines
were very high in potency were from women who
have ceased cycling, either spontaneously or arti-
ficially. The minimal volume of urine necessary
to stimulate one rat was, for each of the three
groups, 400 to 500 cc., 25 to 400 cc., and 10 to
30 cc., respectively.

It was observed that women having regular
normal menstrual cycles excrete varying amounts
of gonadotropic hormone during their cycle.
However, there is no day in the cycle when go-
nadotropic hormone is regularly absent from the
urine, as is so frequently claimed. Usually there
is a rise in titer between the 10th and 20th days.
Therefore assaying urine during the mid-interval
was avoided when comparisons were being made
between the potency of normal and menopausal
women.

The assays answer the questions originally
posed in the following manner:

(a). Concerning the relationship of age to
gonadotropic potency a brief inspection of Table
II shows that age is a factor only insofar as it
influences the time of onset of the menopause.
Womenwho have not yet reached the climacteric
excrete little gonadotropic material, regardless of
age. Women who have passed the climacteric
have a high urinary gonadotropic output. This
point can be illustrated by noticing that Patient
Sf, Class 6, a premature menopausal case, had a
high concentration at age 25 years, while an older
non-menopausal patient, Be, Class 1, was still low
in potency at age 48.

(b). Symptoms did not influence gonadotropic
potency. " Symptoms " when used in this report
will refer to both the autonomic and psychic
symptoms of the menopause as described by Sev-
ringhaus (7). Patients with symptoms who have
ceased cycling, Class 6, have high titers. Patients
without symptoms who have ceased cycling, Class
5, have titers just as high. The series of 14 cas-
trates (Classes 7 and 8) further substantiates the
lack of correlation between symptoms and go-
nadotropic excretion. All 14 were almost ex-
actly alike in potency, although 10 had vasomotor
symptoms and the other 4 had none. Those
women who cycle regularly (Classes 1 and 2)
and those cycling irregularly (Classes 3 and 4)
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TABLE II $

Gonadotropic hormone titer of women in the menopausal age period

Cycling regularly Cycling irregularly

Class 2 3
Haig No 4

No symptoms Hapng symp- Having symptoms
sypos toms

Patient ......................................... MuWa 01 Ov Be Ca Gu Sw Er tBy Gi tTu La PoNeKr He Br tBn
Age, years ...................................... 43 44 33 47 48 45 43 52 45 44 45 42 42 36 46 38 45 46 49
Minimal volume of original urine, cc ................400 400 500 400 400 >300 400 >100 400 40 30 400 60 25 50 50 100 25 80

Not cycling

Class
5 6

No symptoms Having symptoms
Patient ......................................... tSt tTh SmKn Fr Se Sh Me Sk Ma Jo Te tSa Ok Ra Lt *Gu *Sd Sf Li tAn Bi
Age, years ...................................... 58 59 77 48 51 57 67 73 66 71 52 27 47 58 49 42 57 56 25 49 50 56
Minimal volume of original urine, cc ................ 20 25 15 10 25 25 15 25 30 15 20 15 25 25 25 30 10 15 25 15 10 25

Castrate Hysterectomized

Class
7 8 9

No symptoms Having symptoms Having symptoms

Patient .......... Le Ba tSl tKo tJe tZu fVi GI tFh Lg Sr BI tDa Sc Lh Ve Ho Gu Sd Ht
Age, years ....... ..... 52 47 47 24 47 43 33 40 29 39 36 46 29 43 46 36 43 57 56 48
Minimal volume of original urine, cc ........ ....... 25 20 15 20 15 25 20 15 10 25 20 25 30 40 25 >200 40 10 15 25

Involution

Class 10

Patient ......................................... Je Lr At Fh An St Th Tu Vi Ve SI Ko Da Zu Bn By
Age, years ...................................... 47 48 39 29 50 58 59 42 33 36 47 24 29 43 49 44
Minimal volume of original urine, cc ................ 15 200 275 10 10 20 25 400 25 >200 15 20 30 25 80 400

Estrin treated cases

Class 11
Showing improvement of symptoms

Patient ......................................... Ls Kn Sr Lg Sa Vi Bi El Sd Ac Fh Pa Fh Li Bk
Age, years ........................................ 31 48 36 39 47 33 56 42 56 49 29 52 29 49 51
Minimal volume of original urine, ................... 40 10 25 25 25 .50 40 30 20 40 20 10 20 10 30

$ Symptoms-Refers to the presence or absence of vasomotor phenomena at the time of titration.
* Also classed as Hysterectomy.
t Also classed as Involution.
> indicates a negative reaction with the volume of urine used.

tend to further the same argument, that there is
no correlation between presence or absence of
symptoms and gonadotropic titer. Similarly,
there is no correlation between severity of symp-
toms and gonadotropic potency. For example,
Patient Ba, Class 7, who had no symptoms, Pa-
tient Sr, Class 8, who had unusually severe symp-
toms, and Patient Bi, Class 8, who had mild symp-
toms all had the same gonadotropic concentration.

(c). Many clinicians still retain the belief that
at the menopause there is a greater gonadotropic

excretion than at any other time, although Oster-
reicher (8), Saethre (9), and Jones and Mac-
Gregor (10) have already pointed out that senile
women have a high gonadotropic excretion.
Saethre (11) differs with Zondek (12), who re-
ported negative findings in 85 per cent of post-
menopausal women investigated. Classes 5 and 7
substantiate the observation that once the gonado-
tropic concentration rises at the time of the cli-
macteric, it remains at the same high level through-
out the duration of life. Neither the presence or
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absence of symptoms at the time of the climacteric,
nor the length of time elapsed since the climacteric
seem to influence the gonadotropic excretion rate.

(d). There is no essential difference between
the gonadotropic potency of urines from spon-
taneous and artificial menopause patients (see
Classes 5, 6, 7, and 8 in Table II and Figure 2).
The length of time elapsed since castration does
not play an important role either; for example,
Patient Le who had been a castrate for 20 years,
and Patient Ba who had been castrated only 6
months before, had the same potency (Class 7).

(e). There was no uniformity in gonadotropic
assay in urines from patients diagnosed as having
involutional psychoses. But when these cases
were reclassified according to the regularity, ir-
regularity, or cessation of their menstrual cycles,
their titers fitted in with those of the groups with
which they were classed (see Class 10 and those
marked t in the other classes).

(f). The hysterectomized patients (Class 9),
had nothing in common with one another, but
seemed to titrate high or low according to whether
or not they fell into the true menopause class.
Since there could be no evidence of cyclic activity
any reclassification is only a guess.

(g). The status of the menstrual cycle, i.e.. reg-
ular, irregular, or absent, is the only factor which
influences the urinary gonadotropic potency dur-
ing the menopausal period. Classes 1 and 2,
consisting of regularly cycling women with un-
eventful menstrual histories, contained uniformly
low titers. From 400 to 500 cc. of urine was nec-
essary to stimulate one rat. Classes 5, 6, 7, and
8, consisting of acyclic women of menopausal age
or beyond, contain uniformly high titers, 10 to
30 cc. being needed to stimulate one rat.

Between these two extremes lie Classes 3 and
4. These women all gave a history of having had
regular cycles until recently, now they have be-
come irregular in one way or another, i.e., in time,
duration of flow, amount of flow, etc. The most
common changes observed were: lengthening of
the cycle, skipping periods, and scantier flow.
All but one were having mild or severe vasomotor
symptoms. However, the majority had had
symptoms and irregularities of the cycle for but
a short time. Thus these women may be consid-
ered to be just entering the menopause, or in a
transitional period between normal cycles and the

menopausal state. As is to be expected, the go-
nadotropic titers were in general neither as high
as in the menopausal state or as low as in the
normal state. However, titers equal to either of
the other two classifications were encountered.

Thus, while there is a lack of correlation be-
tween gonadotropic titer and age, symptoms, hys-
terectomy, and involution, there is a definite cor-
relation between gonadotropic hormone titer and
the presence or absence of the menstrual cycle in
women of menopausal age.

(h). A striking observation about these assays
is the tremendous difference between urines of
normal and menopausal women. A 20-fold in-
crease in gonadotropic potency occurs at the time
of the climacteric. This increase develops in a
relatively short time, probably 2 to 10 years. In
order to definitely establish this, individual cases
should be followed through the menopausal period.

One of the practical applications of these find-
ings is that premature menopause can be differ-
entiated from the other amenorrheas. Two cases
of amenorrhea in young women, Sf, in Class 6,
aged 25, and another patient aged 25, were re-
cently studied. Patient Sf titrated high (25 cc.)
and was classed as a premature menopause, while
the other case proved to be completely negative in
gonadotropic content at the 800 cc. level. This
response is less than occurs in the normal, since
urine from normal women elicits positive re-
sponses at the 400 to 500 cc. level. These find-
ings confirm the clinical diagnoses of premature
menopause and hypopituitary amenorrhea, re-
spectively.

Another practical clinical application, and per-
haps the one of greatest importance, would be
the use of the gonadotropic titer as a therapeutic
index in treating menopausal symptoms with the
estrogens. Albright (13), Frank and Salmon
(14), Jones, MacGregor, and Tod (15), and
others have reported decreases of gonadotropic
excretion which occurred concurrently with the
clinical improvement of the menopausal symptoms.
Jones, MacGregor, and Tod (15) found that cer-
tain refractory psychotic postmenopausal cases
showed a reduction irL gonadotropic potency, al-
though they did not respond to estrogen therapy
clinically.

We were therefore disappointed to find that
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estrogen treatment 2 did not materially reduce
gonadotropic potency (Class 11) in the 15 cases
which we have discussed. In each instance es-
trogen therapy caused a definite clinical improve-
ment. The amounts and methods of administra-
tion varied with the individual patient. Two
preparations were used-Amniotin (Squibb) and
Progynon DH (Schering). Amniotin, 2000 I.U.,
given orally four times a day was the usual
maximum dose. In two refractory cases, intra-
muscular injection of 10,000 I.U. daily was re-
sorted to. Usually clinical relief was achieved
in less than one month. Samples for assay were
taken from one month to one year after therapy
was instituted, and while it was continued.

The number of cases is small and the time of
treatment is relatively short. When estrogenic
therapy was continued for longer periods, the
gonadotropic potency was reduced to a 40 to 50
cc. minimal in a few cases. This is still far from
the normal minimal of 400 to 500 cc.

The reports by earlier workers may be ration-
alized if one considers that only positive or nega-
tive stimulation of the assay animals was observed.
An analysis of their data shows that their assays
were probably made at the borderline of minimal
stimulation. Therefore any slight change in po-
tency might account for the negative findings re-
ported in treated cases. Since these workers do
not mention the gonadotropic titer of normally
cycling asymptomatic women, or of acyclic asymp-
tomatic menopausal womeninf the same age groups
as patients with symptoms, undue significance
possibly may have been attached to a very slight
decrease in gonadotropic potency.

From our results, it would seem that gonado-
tropic hormone is not the chief factor concerned
with the symptoms of the menopause, as Albright
(13) and others suggested it might be. In proof
of this we have offered the evidence; (1), that
the titer of symptomless women can not be dis-
tinguished from those having symptoms; (2) that
estrin therapy, at a point that adequately con-
trolled the symptoms, did not reduce the gonado-
tropic titer (although upon further treatment the

2 The estrogen treated patients were made available
for this study through the kindly cooperation of Dr. E. L.
Sevringhaus and Dr. E. S. Gordon of the Department of
Medicine and of Dr. M. J. Musser of the Department of
Neuropsychiatry.

potency is sometimes slightly reduced); (3), the
animal work recently reported by Lauson, Heller,
and Sevringhaus (16). It was shown that estro-
genic substitution, in doses which caused thymus
atrophy, pituitary hypertrophy, and constant vagi-
nal estrus did not materially reduce the pituitary
potency of castrated female rats. Therefore, it is
to be seriously questioned that estrogens can re-
turn the potency to normal without having the
unfavorable or undesired side affects, which occur
in castrated rats.

Henderson and Rowlands (17) have recently
assayed pituitaries obtained at autopsy from
women of various ages. They found that the
pituitaries from premenopausal individuals were
low in gonadotropic potency, that an abrupt rise
occurred at the time of the menopause, and that
the high potency was maintained during senility.
Wehave assayed the serum from 10 of the cases
reported here. Ten cc. were injected in 1 cc.
doses twice daily for 5 days. All serum from
women who had low urinary gonadotropic po-
tency was negative. Most of the serum from
women who had a high urinary potency gave a
positive gonadotropic reaction. So there appears
to be a positive correlation between the gonado-
tropic titers from the pituitary gland, the blood
serum, and the urine in the human female.

SUMMARY

Urines from 66 menopausal patients were as-
sayed for their gonadotropic potency. It was
found that their potency was not related to the
presence or absence of symptoms, age, hysterec-
tomy, or the involution. No difference in gonado-
tropic potency was found between menopausal
women with symptoms and senile women, cas-
trated women or menopausal women without
symptoms.

Urinary gonadotropic concentration was low in
womenwith regular normal menstrual cycles, high
in menopausal women in whomcycles had ceased,
and intermediate in menopausal women with
irregular cycles.

Estrogen treatment alleviated the vasomotor
symptoms of 15 menopausal women but failed to
concurrently reduce their gonadotropic potency.
Continued estrogen therapy caused a slight reduc-
tion in potency, but failed to suppress it by sig-
nificant amounts.
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