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INTRODUCTION

Much has been written about the history of
the development of the science of endocrinology,
from the observations of the ancients,up to the
work of BrownaSequard in the early years of this
centﬁry, from‘which time all of the more important
~knéwladge‘of the subject has accumulated. However,
not much was done until after 1932 when the diScovery |
of inéulin and its dramatic results in the treatment
of diabetes seemed to stimulate experimental invest-
igation in all branches of endocrine soience. It is
not the purpose of this paper to review the history
of endocrinology, nor even of the sex hormones; this
has been adéquately accompliéhed in such books as
those of Frank, Allen, Doisy, Fieser, etc.

According to Doisy (236)"the investigations of
an endocrine gland fall naturally into four stages:
(1) the recognition of the gland as one producing an
internal secrétion; (2) the methods of detecting the
ihtérnalrsecretion, ﬁhich, of course, leads to a
survey of ﬁossible sources of the autacoid; (3) the
preparation of extractsﬂand the purification’of the

hormone; (4) the isolation of the pure hormone,



Vdetermiﬁation of its structure and its synthesis."
We might add a fifth, that of intermediary metabolism
of the hormone, a field that has opened within the
oiast two or three years. | |

. We are concerned in this paper first with
Stage III. "Without a biological reaction that may
be used as a quantitative measure, advance can not
go>on.‘ Rapid progress @an not be made unless a
reasoﬁably fast and accurate method of bio-assay
is available, @Given such a procedure the biochemist
can proceed with the preparation of crudeAextracts
and the separation of the mixture into its components,
each of which must be assayed. Each step must be
tested‘by‘a determination of the potency of the pro-
~duct if the investigator wishes to avoid working in
the dérk. Time consuming bio-assay processes have
retarded the isolation of the vitamins, and many,of‘
thé hormones.”

Next, we are concerned here with Stage IV in
that we'will discuss some of the chemical nature of
the female sex hormones, especially their relation
to each other and to some of the'commbn phenanthrene
substances.

Before going into the chemistry and bioassay



procedures of the femal®s sex hormones & brief dis-
cussion of their physiology in the female economy
‘seems indicated.

The funotional value of the ovary has to do
with the formation and rupture of the Graafian
follicles (whereby an ovum is liberated) and with
the subsequent formation of corpora lutea. The |
“primordial follicies consist of an ovum surrounded
by'allayer of follicular epitheiium. Beginning at
puberty, and'continﬁing throughout the period of
active sexual 1ife,;sbme of these primordial,fbllicles
develoﬁ into mature Graafian follicles and by growth |
come to lie neéiithe surface of the ovary. ?he
change consiéts in a proliferation of the follicular
epithelium and the formation of_a serous liquid, the
liquor follicull, between therlayers of this epithe-
lium. In the matured follicle-fhere is a connective
tissue covering, the theca folliculi, formed from
the stroma of the ovary and consisting of two coats
or tunics - the external and the internal. The cells
of tﬁe internal tuﬁic develop a yeliowisp pigment
as the follicle grows, and are sométimes designatéd

as lutein cells. Within the capsule formed by_the ;




internal tunic there is a layer of follicular
cells known as the mémbraﬁa granulosa and attached
to one side is a mass of the same cells, called
the cumulus ocphorus, which contains the ovum.
As the follicular liquid'continues to accumulate
the.pe:ipheral portion of this structure is
stretched to a very thin almost avascular membrane;
at full material the graafian follicle ruptures
at this point and the egg, together with the sur-
rounding follicular cells of the'cumulus are .
extruded into'the peritoneal cavlty to be received
into the open end of the Fallopian tube. After the
rupture of the follicle its walls collapse and from
the ruptured thecal vessels there is hemorrhage
into the central cavity, the structure now being
designated as the corpus hemorrhagicum. Subséquently,
due to proliferation of the cells of thée follicular
epithelium, the vesicle becomes filled with cells
céntaining a yellow pigment (lutein), and the early
corpus 1uteﬁm is formed. ’

| fhe period of duration of the corpus luteum
is dependent upon whether or not fertilization occurs.

If it does not occur, as is the case in the usual

monthly periods, the corpus.luteum reaches its maximum



size in a week or two, then retrogressive changes
set in rapidly and the structure is finally ab-
sorbed, leaving a scar, the obrpus afreticum;
Such is the fate of the corpus luteum spurium.
In the event of conception the life of the corpus
luteum is much prolonged. Instead of undergoing
retrbgreesive4changes_at the end of a few days it
continues to increase in size by proliferation and
hypertrophy of the follicular epithelium, and does
not begin to show retrogressive changes until the
sixth month 6f_pregnancy or later; indeed, the very
existencé of the pregnancy isfdependent on the function
of this corpus luteum verum, as will be explained later.,
The anterior lobe of the pituitary gland is
the master gland of the endocrine system. Ten dif-
ferent groups of effects have been identified with
‘this part of the pituitary. 8ix of thesé have been
shown to be due to six separate hormones, namely, the
growth hormone, and two gonadotropic hormones. Otﬁer
effects of the anterior lobe for which definite hormones
have not been demonstrated are the ketpgenic,_hyper—
glycemic, parathrotropic and pancreatropic effects.
We are 1nterestéd here in ?he two gonadotropic

hormones. 8Several observations in the past have pointed



to the anterior pituitary as exerting on influence
upon sexusl development, notable among which are

the gradual atrophy and suppression of the sex
functions in diseases of the anterior lobe such as
acromegaly and Frohlich's syndfome. Subsequently

it was‘shown that in immature animals, or animals,
that had been subjected to hypo?hysectomy, the
effect of administration of extracts of anterior
lobe was to produce typical estrus, a phenomenon

to be 6bserved normally only in mature intact ani-
ﬁals.v Furthermore it- was observed that the ovaries
of such animals contained a large number of follicles
which ripened and discharged a "shower" of ova (super-
ovulation), following which numerous typical corpora
lutea developed. ‘This was shown to be a dual effect
(the details will be discussed in a later section),
the effect being to stimulate luteinization with

the formation of a mature functioning corpus luteum.
While these two gonadotropic principles have never
been separated and isolated, the follicle-stimulating
principle may be obtained by acid extraction of the
anterior lobe, and two names have been applied.
Prolan A is the name for the pituitary gonadotropic

principle responsible for follicle maturation in the



ovary; Prolan B is the name applied to the principle
responsible for luteinization. Their action is as
follows:

Prolan A initiates sexual activity. The
ovaries, stimulated by this énterior lobe hormone,
bring about the psychic phenomena of puberty and of
the estrous cycles of postpuberal life, as well as
the physical changes in the accessory organs such
as the vagina and uterus. It stimulates the de-
velopment of the ova and granuloss cells of the
- follicles, and is finally responsible:for the ripen-
ing of follicles. The liquor folliculi of these
mature follicles contains one of the estrogenic
hormones, estrin, |

Prolan B on the other hand depresses the first
part of the ovarian cycle as described above and
encourages the second or luteal phase. It'acts
specifically upon the cells of the theca and granulosa
with the production of a spécific hormone, the action
of which is shortly to be discussed.

The final expression of the influence of the
sex hormones is the series of changes through which
the female reproductivé organs pass every 28 days

OT 80.



This constitutes the menstrual cycle, its counter-
part in lower mammalian'formS»being periodic estrus
or "heat", It is generally believed that rhythmical
variations in the activity of the int eridt pituitary
(it.e., in production of the gonadotropes) are
primarily respensibleAfor the regular recurrence
of the menstrual cycle, the ovary playing the role of
intermediary. The utérine changes of the entire human
cycle may be divided inte four stages:

(1) ggpair‘stgge (post menses): During this

stage the epithelium of the endometrium which was
shed during the menstrual flow is restored. The
mucous membrane is thin, the uterine glands are short
and straight, the cells'arerqﬁboidal with centrally
placed muclei. This phase ocqupies about six days.

! T The

tubular glands ére noi longer, are wavy and cork-screw
shaped. The ¢ells of the glands and of the surface
epithelium‘havé”beeome more columnar and have more
centrally placed nuclei. The stroma cells do not
.change muchAin appearance. This phase also occupies
about 5 or 6 days.

(3) Premenstrual Stage (pregravid, secretory):

This stage commences some 12 to 14 days before the




onset of the menstrual flow. The endometrium be-
comég much thicker, the glands larger, deeper and
much more éonvoluted. 'The 1iningrcells are columnar
with their nuclei down toward the basement membrane.
The cells are fﬁil of mucin and give a positive stain
for glycogen. The stroma cells are round instead of
eiliptical (the precursors of decidual cells if
pregnancy intervenes)

(4)‘.ien5trua1 Stage: Pregnancy not having
inteivened the hypertrophied endometrium breake down,
hemorrhage occurs, and’the superficial layers of the
.mucosa,are shed, The flow lasts about four days “
foliowing which repair begins and another cycle is
atartéd;

Now we can cbrrelate the interplay of the gonad-
otropic and estrogenic hormones with the structural
changes as deécribed.

' Prolan A has its maximum concentration around
the 4th to the 11th day of the cycle. As indicated
above, it is responsible for the stimulation of
follicular growth; the follicular fluid contains the
éstrogenic hormone estrin which in turn is responsible
'for early endometrial proliferation (and for vaginal

opening and cornification and estrus in other mammals).




Prolan A appears in the non-pregnant female only
in the intermenstrual phasej it is present in
castrate and in menopausal, but not pregnant women.
Prolan B is most active from the 16th to the
28th days of the cycle. It is respénsible for the
luteinization of follicular and thecal cells, and
formation of the mature corpus luteum. This structure
in turnvproduces another hormone, progestin, which
is the substance directly responsible for continued
endomet:ial proliferation and for the secretory phase.
of the menstrual cycle. For this reason it is some-
times given the name of ”the'progestationai hormone®.
Summarizing the ovarian hormones, their properties
may be briefly outlined as follows: (61)
I. THE FOLLICULAR HORMONE: Synonyms are oestrin,

estrin,‘theelin, folliculin, estrone, estrogin, theelol,
progynon, feminin, ovarin, oophorin, thelykinin, men-
formin, ovarian sex hormone.

1. Physiologic Actioh

A. Effects uterine growth and vascularization

B. Incites estrus inimmature laboratory
animals, with premature growth and corn--
ification of the vaginal epithelium.

C. Acts in developing secondary sex character-
istics.
a) From birth to puberty it develops
femininity. -

10
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F.

b) After puberty it aids in im-
pregnation and lactation.

The effects on the ovary and pregnancy
are antagonistic.
a) Inhibits follicular growth, may
induce abortion.

Allays autonomic symptoms of the meno-
pause.

Estrin content of urine is increased in
pregnancy.
a) Pregnancy urine for various preg-
nancy testse

Source and Quantitative Distribution

B.

C.

E.

~ A.. According to Zondek the mature human

graafian follicle contains 2-3 cc. of
fluid which possesses 8-12 mouse units
estrin; it is constantly produced by the

‘follicles.

The amount secreted varies at different

times of the month.

a) Greatest soon after ovulation, be-
tween 12th and 28th days after the
last menstruation.

Corpus luteum alsoc secretes follicular
hormone, accounting for the premenstrual
and pregnancy concentrations.

Placenta is thought to be the main source
during the latter part of pregnancy.

Blood estrin is low because of low renal
threshold. Large amounts are excreted
in the urine.

Extra~ovarién Location of Follicular Hormone

A.

-

Placentae of humans contains large quant-

ities. It may be manufactured there or

merely stored there.

11



B. The urine is a constant vehicle.
a) 5-20 MU/1liter in all humans (Zondek)
b) Postmenstrual. urine contains 50

MU/1liter.
¢) Intermenstrual urine has 300 MU/
liter.
d) Urinary hormone is increased with
~ menopause.

e) During pregnancy blood and urine
: concentrations go up.
f) Urinary estrin increases from
moment of conception _
l. Second month - 3000 - 3000
‘MU/1iter.
‘2. Fifth month - 10,000 MU/liter
3. Ninth month - 50 000 or more
MU/1liter
4. COoncentration is even greater
in cases of hydatiform mole
- and chorionepithelioma.

C. Also found in males, vegetations and
minerals.'

4. Qccurrence of Estrin in the Male

A. 50-200 mouse unife/liter of male urine.

B. 1In stallions the estrin is secreted by
the testes. According to Zondek, 1 kilo
of stallion testes contains 68, OOO units,
500 times more than the mature mare ovary.

5. Qocurrence in Plants and Carbon Compounds

A. Estrus principles are found in alder
leaves, willow catkins, sprouted oats,
Thubarb leaves, palms, etc.

B. Aschheim Teports its presence in petTo-
leum, coal tars, coal and bitumen from
moors. :

6. Crystalline Estrin

A. Isolation in pure crystalline state as
a keto-hydroxy estrin was accomplished
by Doisy in 1929 and by Butenandt, and
it was called theelin.

13




B. Other workers isolsted a similar
substance having one more molecule of
water and called it theelol.e It is
less potent than theelin but has the
advantage of being active by mouth.

c. Gommercially'the estrogenic hormone is
usually obtained from the urine of
pregnant mares.

II. THE CORPUS LUTEUM HORMONE: Synonyms are proges-
tin, corporin, progesterone, and luteosterone.

1.

3.

Physiologic Action

A. Frankel, in 1903, showed that cauter-
ization of the corpus luteum during
early pregnancy was followed by ab-
ortion.

B. Loeb showed that the corpus luteum
~ secretes a uterine sensitizing sub-
-stance responsible for the formation
of_ decidual tissue.-

C. - Ovulatlon and estrus in guinea pigs

can be suppressed by injecting aqueous
solutions of corpus luteum.

- D. Weichert in 1938 produced placentomata

in unmated rats with the lutein hormone.

- E. Lutein hormone appears only after ovul-

ation, so as to prepare the uterine
mucosa to receivé the ovum properly and
to assist in development of the function-
ing mammae. This was proved by Hisaw
and Leonard (Am. J. Physiol. 92:574,

1930) and by Corner and Allen (Am. 1.
Physiol. 88:326, 19239).

Multiple Fractions of the Lutein Hormone

A. Rglaxin A substance, present in almost

pure ‘state in the corpora lutea of the
sow, responsible for marked relaxation of
the pelvic ligaments. (Hisaw: Physiol.
Zool»y 2:59, 1929)

13



B.

The Mucification Factor Responsible
for the mucification of,the vaginal
mucosa, according to Hisaw, Leonard,
et al. o

The Two Crystalline Fractions
‘a) A - Progesterone - melting point
128 degrees, produces decided
hyperemia of the uterine mucosa.
b) B - Progesterone - melts at 131
degrees, produces characteristic
transformation of the endometrium.

S §9urces»andfgpéntitative Distribution

B A‘

The lutein hormone is recoverable only

. in small quantities. 100 grams of

ovary (from 10 sows) yield only one
rat unit of the hormone. It is even
more scarce in the human female.

14



CHEMISTRY OF THE SEX HORMONES

The chemistry of the sex hormones is a strictly
modern problem. Not until 1929 when Doisy and his
co-workers (28) isolated estrone in pure crystal-
line forﬁ was the interesting problem of structure
made pgssiblé. The history of the problem since
1939 has beenvremarkable}in many ways, not the least
" of which being that in the short space of ten years
sex hormones of three important types were isolated,
their complicated molecular structures were completely
elucidated, and methods were developed‘for making
the pure materials available for clinical use and
for biologic experimentatiop.

"Preceding the chemical researches, and fur-
nishing the necessary foundation for this phase of
the work, there was é considerably longer period of
biological experimentation leading to the recognition
of the existence of the hormones and to the definition
of their specific functions. By purely biological
methods it was established that all sexual processes
of the organism proceed under the influence of certain
chemical substances recognizable by specific biologi-

cal tests and known as the sex hormones. The chemical

15



work has established the compositions and the
structural formulas of the principal members of

the group, namely, the follicular hormones oestrone
and oestradiol (dihydro-oestrone), progesterone,
the hormone of the corpus luteum, and the méle
hormones androsterone and testosterone. Each
hormone exists in various polymorphic forms, and
each is accompanied by certain related substances,
of which some are inactive and some have the same
kind of physiological activity as the principal
hormone of the group. Androsterone, testosterone,
and all related male hormones have qualitatively
simlilar physiological properties, but the actions
of oestrone and progesterone in the female organism
are entirely different. In discussing the physio-
logical functiohs it is convenient to refer to the
three principal groups of hormones rather than to
specific members which have been isolated in a pure,
crystalline condition. The term "oestrin® is applied
to the'gfoup of which the pure substances oestrone
and oestradiol are the typical représentatives,

and "progestin® designates progesterone and 'its

possible companions of similar physiological properties

16



present in the corpus luteum", (31)

Pituitary-Gonad Relationship: Before entering
inté the discﬁssion of the chemical nature of the
sex hormones referred to above it seems édvantageous
to consider some of the more elementary fécts aboqt
them, and the role played by the pituitary glamd.
The sex hormones control the growth and the physio-
logical functioning of the reproductive organs and,
‘ according to their nature, promote the development
of éither male or female‘secondary sex characteristics.
The male hormones control the development of the
genital organs (and the accessory organs) and have
a direct influence on the longevity and motility
of the sperm. Corresponding to the greafer com-—
plexity of the female organism, at least two kinds
of hormones seem to be necessary to control the
various pfdbesseéain the estrus cycle and during
pregnancy. The first type @oéstrin“, thought té
be formed in the graafian follicles, has its effect
on the uterus'and vagiha and ié responsible for the
characteristic and well-known changes in the estrus
cycle. The second type, “progestin”, is formed by

the corpus luteum, and, acting in conjunction with

17



oestrin, controls the so-called "uterine cycle",
which in the human is seen as two phases in the
periodic preparation for pregnancy. During the
first phase, which is under the hormonal influ-
encé of oestrin, there is proliferation of the
uterine endometrium preparing a functional bed
for the gravid ovum. In the event of fertili-
zation of the ovum progestin now exerts its efféct
on the endometrium, and is responsible for the |
successful nidation of the ovum. If there is
no fertilization the coipuSVluteum is only tran-
sitory, the supply of progestin is shut off, the
uterine mucosal bed sloughs off, and along with
the acéompanying hemorrhage, constitutes the men- -
strual flow. ‘

fHowever, these sex hormones which have their
crigin in the'ovary are not in comélete, primary
control of these processes for they owevtheir origin
to the’stimulating action of still anethei kind of

sex hormones. These hormones have -their prigin in

the adenohypophysis, and acting directly on the ovary,

are responsible for the formation of the follicular
and corpus luteum hormones; hence, they are called

the\ganadotropic hormoTrie s.

18



Historically, the functions of the anterior
‘pituitary were elucidated in three ways. .The
earlier experiments were firstly clinical ob-
servations, secondly a study of the effects of
hypophysectomy, and thirdly, the effect of ad-
ministration of anterior lobe extracts.

That the pituitary gland as a whole was in-
volved in certain general diseases was established
many years ago. Marie (25 a) in 1866, established
a connection between the glard and acromegaly
(although his interpretations were absolutely wrong)
and Simmonds, (25 b) in 1914, established further
relationships between the gland and other organs
of the body by studying the disease which now bears
his- name.,

Paulesco, (25 ¢) in 1908, demonstrated that
death of the animals follows complete hypoohysectomy,
and this was confirmed by Cushing (35 4 and e) and
his co-workers. Cushing (25 f) was also able to
demonstrate that partial hypophysectomy resulted
in adiposity and cessation of sexual activity. As
a result of these researches these workers could
definitely refef sexual control to the pituitary

gland.

19



Following,perfection of methods of hypo-
physectomy in small animals great advances were
made and Smith (25 g and h) in 1937, was able to
demonstrate persistent infantilism in rats op-
erated befbre puberty and cessation of the oestrus
cycle and atrophy‘of the ovaries in rats operated
after puberty. There is now an extensive literature
indicating the pituitary-gonadal interrelationship.

Next came studies on implants of the gland.
In 1936, Aschheim and Zondek (25 1), and independently
Smith (25 j) published papers giving the following
results:

(1) Implantatibn of pituitary into a hypo-
physectomized animal induces follicle
groﬁth and corpus luteum formation.

(28) Implanatation of pituitary’into immature
normal females induces oestrus and its
characteristic ehanges.v

The final proof of the relation of the pit-
uitary gland to the sex‘organs was demonstrated by
fhé preparation of gonadotropic hormones from ex-
gracts of-the anterior lobe of the pituitary. The

first active extracts were prepared by Evans in 1928,

20



It was shown that these extracts were capable of
induéiﬁg hypert:ophy of the ovary and puberty in the
immature female animal,

The above facts are the most important in
establishing the historical foundation for the
doctrine of pituitary control of the sexual cycle,
yet, as presented here, ﬁhe story is far from
complete. Thé whoie problem of the chemistry of
the gonad-stimulating hormones still awaits solution
for the active principles have not been isolated in

a pure condition.

The Estrogenic Hormones: As stated before,

the isolation of the estrus-producing hormone in

' a‘pure crystalline state was accomplished by Doisy
(28) and his co-workers at the 8t. Louié University
School of Medicine in 1929, also independently by
Butenandt at Gottingen (18). 1In each case the
material was obtained from pregnancy urine. When
such urine is shaken with an immiscible solvent
such as ether, butanol, or benzene a considerable
portion of the estrogenic material is extracted,
for the hormone is readily soluble in all organic
solvents and sparingly soluble in water. A better

yield is obtained if the urine is acidified and

a1



submitted'to_hydfolysis before the solvent ex-
traction. Fresh urine is not required, as the hor-
mone does not appear to deteriorate rapidly. In
the first step of Doisy's original process the
urine was acidified to pH 4, allowed to stand for
several days, and extracted with olive oil. The
hormone was then extracted ﬁith alcohol.
Treatment- of human pregnancy urine with acid
markedly increases the yielﬁ of hormone which can
be extracted with solvents, and for the highest
‘yield hydrolysis under drastic conditions is
required. . Accoiding to Fieser, it is not a pro-
"blem of liberating oestrone and its reduction pro-4
ducts from their simple phenolic salts, but of
decomposing stable combinations of the substances
with constituents of the urine, pdssibly glucuronic
acid. Cohen and Marrian (18, 20) studying the
‘fadtors influencing hydrolysis, found that for
accurate assay of estrone and estriol in pregnancy
urine, the urine must be hydrolyzed under conditions
which combine maximum liberation of the hormones
from the ether-insoluble forms with minimum de-

struction of the liberated substances. They recommend

33



that the urine be adjusted to pH. 1, further acidified
by the addition of 3.3 cc. of 13 N. Hydrochloric

acid per 100 ¢c. of urine; and autoclaved at 120
degrees for two hours. In this work Oohen and
Marrian asgsayed fhe hormones guantitatively by.a
colorimetric method based on'ﬁhe»Xober test, which.
depends upon the development of a red color when

the hormones are heated with phenolsulfonié acid
followed by the addifion of water. The results seem
to be in good agreement with bio—assays.

The following properties of estrone are known:
its empirical formula 1s GlgHgéoé, its corrected
mélting peint is 359 degrees,.the optical activity
is plus 158.5 degrees (dextroiétatory), it is soluble
in Qater to the extent of 3.1 mgm. per 1itéi; its

dissociation constant is O.44 X 1079

, and its physio-
logical activity is said to be 8 to 10 million mouse
units per-gtam. Microchemical observatibns of the
'mélting point indicated that estrone can exist

in no less than three polymor?hic’forms, melting at
354, 256, and 259 degrees. Structurally, the esﬁro—
genic hormone contains the-cyclopentenophenanthrgene

cérbon skeleton. 'Among the 1arge number of interest-

ing naturally occurring compounds which possess this

33



carbon skeleton are four groups of hormones: the
estrogens of the ovary, the andorgens of the testis,
the progestational hormone of the corpus luteum,

and the "life-maintaining® hormones of the adrenal

~ cortex. Marrian (65) has suggested that "steroid"

be used as a group name for all substances contain-
ing this basic skeleton. Othericlosely related com-
pounds, having essentially the.;éme basic structure
are the cardiac glycosides, the heart pisons secreted
by toads, certain of the hemolytic éaponins,tthe

bile acids, certain antirarchitic agents, alkaloids
of the morphine and aporphine groups, the acids ob-
tainable from resins of conifers, the triterpenoid
saponins, and certain of the carcinogenic hydro-
carbons. This last relationship opens up fascinating
speculations in regard to the possible role of the
steroid hormones in the production of carcinoma.
fhe story of the elucidation of the structural con-
figuration of the sex hormones 1s a long one, and of
general interest only to the biological chemist. For
an excellent review of the detailed chemistry the
reader is referred to "Chemistry of Yatural Products
Related to Phenanthrene" by Fieser, Reinhold Publish-
ing Co., New York, 1936. |
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. The estrogenie hormone has been known by a
number of different names, including theelin, the name
~ given by Doisy, the progynon, the name given by
Butenandt. The English nomenclature (1) has been
adopted by the Beagge of Nations Conference because
it indicates the ketonic character of the hormone
and.ips most important physiological action; these
terme are oestrone, oestradiol for the alcohol re-
sulting from the reduction of the hormoné,jénd
oestriol for the companion substance hafingjthree
hydrexyl groups.

- The average estrogenic activity of pregnancy
urine is about 10,000 mouse units per liter, corres-
ponding to about 1 mgm. of the pure oestrone per
liter; only a fraction of this can be obtained by
ordinary laboratory technic. In 1930 Zéndek dis-
covered a new and better source of the hormone in
the urine of pregnant mares. the average'activity
of which he found to be 100,000 mouse units perr
liter. This abundant soﬁrpe greétly expédited
the work of isolation, although it is present in an
ether-insoluble form and only 10-35% is directly
extractable. Further investigation of the occurrence

of the hormone by Zondek revealed an even richer
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source. The paradox‘of a higher excretion of the
female sex hormone by the male than by the female
animal he found in (and only in) the equines.
For example, he found that stallion urine contains,
on the average, 170,000 mouse units per liter.
Cartland, (17) et al., found this a superior source,
the hormone being relatively free from closely re-
lated substances found in mare urine. The urine
was co;efed with one-third its volume of butanol,
acidified strongly, and refluxed for four hours.
The agueous layer was extracted twice with butanol
at room temperature by shaking and the combined but-
anol solutions were extracted with dilute soda sol-
ution and concentration in vacuum under nitrogen.
These workers found a yield of 16 mgm. of almost
pure crystalline oestrone per liter of urine.
Another discovery, almost as surprising as the
above, is that oestrin occurs in the Qegetable king-
dom. It has been observed that extracts from various
flowers, as well as from certain lower animals and
bituminous substances, possess definite oestrogenic
activity, and in two cases there is definite proof
that the active principle was present. Pure oestrone

has been isolated from a palm kernel extract, and a
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crystallizate of pure oestriol has been obtained
from female willow flowers.

. Qestriol: Shortly after the discovery of
oestrone by Doisy and Butenandt another crystaliine
substance was obtained (from the urine of pregnant

women) that had a distinctly higher melting point
"than oestrone. This was discovered by Marrian (63)
and was subsequently found to be fairly active as
judged by the Allen-Doisy test. The nafurevof the
substance was not clear, but investigation by
Marrian indicated that the formula was CigHs03

and this suggested that it might be a hydrate of

the hydroxketone bestrone). This hypothesis was
later verified by Butenandt who was able to prepare
oestone by heating Marrian's substancqﬁyith potassium
hydrogen sulfate and distillimg:it inégjhigh vacuum.
Doisy and his co-workers independently discovered
oestriol sometime later while trying to perfect a
process for the isolation of oestrone. (37) They
found sufficient difference in the acidic strength

of the two phenols to permit a nearly quantitative
‘separation. Oestriol alone is extracted by 0.1N NaOH
solution from an ethereal solution of the mixture,

and oestrone then can _be extracted with normal alkali.
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This method yields about 03. mgm. of oestrone
and 1.3 mgm. of estriol per liter of human preg-
nancy urine. In view of the finding of this new
oestrogen Doisy suggested at this time that the
name "folliculin® be dropped.

The properties of oestriol are as follows:
its foihula has been given as CygHps03, its
corrected melting point is 280 degrees, while that
of the triacetate is 137, and that of the methyl
ether 159 degrees. Its optical activity is plus
30 degrees, and its dissociation constant 0.77 X 1079,
The physiological activigy is said to be 75,000
mouse unite per giém of the pure crystals. The
oestrogenic potency of the hydrate is only about
one-hundredth that of the ketonic hormone, and its
action has beeh found to be somewhat more protracted.
The triacetate is about 10 times as active as oestriol.
Structurally, oestriol differs from oestrone only
in that one molecule of water has been split off
Cl6 and 017, leaving a double bone oxygen at Ql7.

0f particular interest is the fact that a
series of unsaturated hydroxy ketones, entirely
similar to oestrone in structure and action, have

been isolated from the urine of pregnant marese.
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These are equilin, hippulin and equilenin. Equilin
and hipﬁulin are isomeric, containing two atoms of
hydrogen less than oestrone, anq possessing one ali-
cyclic double bond in addition'to those present in

a benzene nucleus.

Oestradiol: Accordihg to,&he Allen-Doisy test,

oestrone is the most potent of the oestrogenic com-
pounds that occur naturally. However, the hormone is
surpassed in activity by certain substances which

can be obtained from it by chemical transfo:mations.
"Most important of these is the dihydro compound
oestradiol, which is prepared by the reduction of
oestrone at the carbonyl group. The phenolic benzoate
has a particularly high potency, and like the other
esters, is characterized by a protracted and persistent
action. Oestrédiol monobenzoate is available clinic-
ally as "Progynon B" and is regarded as a particularly

valuable substance.

he Corpu teum Hormone; As indicated be-
fore, the corpus luteum has a direct effect on the
uterine mucosa in preparing it for the reception of
the fertilized ovum. If conception occurs the corpus

luteum persists and serves to suppress ovulation,
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maintain a condition in the uterus essential to

the development of the embryo, inhibit uterine
motilitj, and, in conjunction with oestrin, induces
mammary gland development.

That the'corpus luteum had a hormonal action
was first suggested by Fraenkel and others who ob-
served that in rabbits the removal of the corpora
lutea shortly after ovulation terminates pregnancy.
This was further substantiated by Corner and Allen,
(21, 23, 23) 1928 when they showed that after pro-
gestational changes have been prevented by ablation
of the early corpus luteum, activity can again be
restored by the use of extracts of corpora lutea.
Furthermore, pregnancy can be maintained after
castration by the use of such extracts. This work
not only opened the way for chemical studies but also
provided a convenient assay method which will be
described later.

Allen (2) and Hisaw (49) shortly devised methods
for the preparation of crystallinizates from corpus
luteum. These were found to be physiologically
active but were not pure enough to permit much in
the way of chemical study, and chemical characterization

of this substance was very difficult because of the
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expense of the starting material and the great
sensitiveness of the hormone to alkalies and to
oxidizing agents. However, in 1934, independent
preparation of the pure corpus luteum hormone ias
announced from four different laboratories, three
of which were in Germany. Allen and Wintersteiner
(7) working in this country, announced the pre-
paration of substances melting at 138, 121, and 190
degreés. Tio of these were active diketones, and
c:ystallographie studies showed that they were
ciosely related in chemical behavior; they were both
shown to have the same empirical formula, and their
polymorphiam iasvdemonstrated by interconversion
of the two forms. These were designated as alpha
and beta-progesterone, but the term progestin has
been retained to be used in a general sense similar
to oestrin.

Allen and Meyer (5) developed procedures for
the preparation of purified extracts which are in
general use, with modifications, by all of the
investigators. The extraction processes involve
solvent extraction and various partitions between
solvents. Aftsr partial concentration in petroleum

ether, practically all of the actiwe material can be
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precipitated as the very sparingly soluble semi-
carbazone. Following hydrplysié, further puri-
fication can be accomplished by sublimation in
high vacuum, by selective adsorption, and by cryst-
alligation. The inactive hydroxyketone with the
high melting point is best removed as the acetate.

Progesterone is very sparingly scluble in water
and readily soluble in the usual organic solvents.l
The pure material is colorless and does not deterior-
ate on storage. Its formula is given as Cg1Hz(02,
and its optical activity is 1923 degrees of dextro-
rotation. Its physiologicai activity is given as one
rabbit unite per 0.5-1.0 mgm.

The observation that progesterone (Cg1Hzn02)
and the inactive hydroxyketone piegnanolone (C51Hz402)
differ in composition only by four hydrogen atoms
suggésted that the latter is a hydrogenation product
of the forﬁer, or at least that they are closely re-
lated. A further obvious inference was that they
bore some relationship to prenganediol (Cz1Hzg03),
~ a non-estrogenic compound discovered by Marrian (64)
while searching for the follicular hormone. The
strudtural fbrmula was largely worked out by Butenandt

who found its reactions to be entirely similar to those

38



of the bile adids and‘other steroids. This inactive
alcohol (pregﬁanediol) is thought to represent an
intermediate étage in the degradation of sterols

or bile acids in the organism to the hormones, or
else it érisgsgin a closely related degradative
‘prOcess. It is found only in human prégnancy urine.
LGontinuing,thefcomparison of progesterone with other
known co&pounda, and studying it further by means

of the,ulfravihlet abgsorption band and X-Ray, complete
preoof was avai?able, six months after its isolation,
of its structure.

Some intéresting observations have been made
recently in regard to some of the biochemistry of
progesterone. jIn 1936, Venning and Browne (74)
exfracted sodium pregnanediol glucoronide from the
urine of pregn?nt women, using butyl alcohol.
Further gtﬁazeé by Venning and hié co—workers (75,76)
associﬁted theiurinary excretion of this compound
with the progegtational phase of the menstrual cycle.
Later (77) they concluded that, in common with the
otherﬁsex stérbls, progesterone is excreted only
in the hydrosoluble conjugated form. Just recently
Hamblen, Ashley and Baptist (45) investigated the
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relation of pregnanediol and pregesterone and
came to the following conclusions:
#*Four factors are concerned in the metabolism
of progesterone and in subsequent urinary excretion
of sodium prégnanediél glucuronide: a)ovarian, involv-

ing the formation of progesterone by post—ovulational

~ corpora lutea and possibly from the marginal granu-

losal luteinization of follicles; b) endometrial,
concerned with the alteration of progesterone iﬁte:.
pregnanediol; o) hepatic, which brings about the

coﬁjugation of pregnanediol with glucoronic acid;

'and, d) renal, involving the excretion of “sodium

pregnanediol glucoronide.™

The excretion of this compound indicates the
func tional capacity of all of these factors; the
ébsénce of the compound from the urine indic ates the
functional failure of one or more of these factors,

but is not conclusive evidence that ovarian function

- is inadequate. Furthermore, its excretion is not

evidence that an endometrium is undergoing progestation-
al proliferation, but according to 8tover and Pratt

(73) "evidence is accumulated to indicate that ex-
cretion of piegnanediol signifies luteal activity"

but that ¥on account of the variation in pregnanediol
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excretion in normal cases, it is premature to
draw conclusions of abnormal states from single

determinations of pregnanediol."
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EXTRAQCTION AND ASSAY OF ESTRONE

1. URINE
(A) Method of Eurzrok and Ratner - The

method for extraction and assay of follicular hormone
in the twenty-four hour urine specimen as utulized

by Kurzrok and Ratner (55) is as follows:

’ "The twenty-four hour urine apécimen is measured
and 700 c.c. placed in a one-liter flat-bottomed
flask (A) This is made weakly acid with acetic acid.
The hormone is more easily extracted from an acid
solution. The urine is ‘then.saturated with sodium
chloride which decreases the solubility of ethyl ace-
tate in the urine. The treated urine is then covered
with ethyl acetaté halfway up to the neck of the flask
and the flask connected as shown in Fig. 1. The |
second flask (B) of 300 c.c. capacity is filled

‘with 250 c.c. of ethyl acetate. The steam bath (0)

is turned on and the ethyi acetate dietills over
through the>upper side arm, is condensed and drops to
the bottom of the flask A from which 1t returns
through the lower side arm to flask B. The drops

of ethyl acetate in passing upwards through the urine
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extract the hormone. This provides dontinuous ex-
traction with pure ethyl acetate. The extraction

is continued for twenty-four h&urs. It is auto-
matic and does not need watching. The extracted
urine is then discarded, and the ethyl acetéte ex~
tract, which conti}ns the hormone, is concentrated
by vacuum distillation. The @istilling flask (A)
300 c.c., 1s filled one-third full with the ethyl
~acetate extract and connected with the condenser
(B), a receiving flask (C), a ;econd receiving flask
(D), a trap (E) and finally an aspirator type suction
pump%ff). After the distiliing flask has beer
heated in a steam bath, the suction is turned on.
The remaining extract is allgued to drop intb flask‘
(A) throﬁgh the thistle tube (G) which is provided
with a stopcock, at about the same rate as the ethyl
acetate distills over. When ali the extract is
finally added, it is concentrated fur ther to about
30 or 40 C.C. and the 10 c.c. of olive o0il is slowly
admitted through the thistle tube as the distillation
progresses. The distillation is continued until
,ali the ethyi acetate has been removed. If bumping
occurs, the suction should be reduced with the screw

clamp at (H). The 0il now contains the hormone
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originally present in the 700 c.c. or wine.

This 10 c.c. of o0il, ﬁrepared as described
above, is used for the biologic assay. Two groups
of castrated rats are selected containing three ani-
mals in each group . - They are injected with the
oil, sﬁbcutaneously, in the back, at 9 A.M. and
5 P. M. of the first day,rand 9 A.M. of the second
day. Group 1 received 0.Siq.c. of oil at eachrin-
jection. Group 3 recéived 0.35 c.c. of the oil at
each injection. Vaginal smeafé are taken forty-
eight, fifty-six, and seventy-two hours after the
first injection. A No. 13 dental spatula is very
convenient for bbtaining the vaginal secretion, which
is then spread in a drop of saline on a glass slide.
If no fewer than two animals of a group show the
cornified cells characteristic of estrus, the injected
ﬁarerial may‘be'cbnsidered active. Mucus, leucocytes
and epithelial cells must be absent to establish a
positive result. The least amount of oilﬁnecessaxy
to produce a positive smear is considered as con-
taining one rat unit.

The hormone content of a liter of urine expressed
inrteims of rat units, may be calculated from the

folldwing formula.
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10 1000 : B
— X = Rat . unit per liter of urine,

y 700

when y equals the total amount of oil injected into
a single rat from the group receiving the smallest
amount necgessary to produce poéitive smears.

For example: If Group 1 should have positive
smears and Group 2 negative smears, then the re* would
be 9 rat units per liter of urine, while if both
‘Groups 1 and 2 showed positive smears, there would
be at least 19 rat units present. Larger amounts
of hormone may be determined by using smaller
‘quantities of o0il for injection, or Ey making the
necessary dilutions. The calculations may also be
made for the fotal amount of urine excreted in twenty-
four hours by substituting this amount in the equation

in place of 1000."

(B) Bergen and gmelser Modification of Estrone

Extraction: Kurzok (54) has outlined a previously

unpublished modification of the above mefhod by Bergen
and Smelser. Briefly the method is as follows: A
twenty—fcqr—hour uriﬁe speéimen is collected and 750
c.Cc. Of 1%;13 poured into a 2-liter flask. After
making the urine slightly acid with acetic acid, 50
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grams of sodium chloride then 750 c.c. of ethyl
acetate are added. After vigorous shaking for

three minutes, the urine fraction is drawn off by
means of a separatory funnel. The ethyllacetate
fraction is allowed to stand a few hours, then 1is
drawn off and distilled according to the method
described above. The biologic assay is the same

as above. If an emulsion results during the shaking
one should allow the ethyl acetate fraction to stand
over night, then it should be tranéferred to a clean
flask. The specimen should be centrifuged if the
emulsion is very heavy;

"The variable factors which may affect the
standardization of estfone fgii into the following
main groups: (a) individual variation in sensitivity
of the test animals, (b) variation in the condition
of the animals, (c) difference in the method of
administration, (d) difference in criteria of
activity.* (66)

That great care must be taken in interpreting
the results of assaying estrone by the original method
(graduated &oses, considering the unit as the least
amount required to produce estrus in an ovariectomized

animal) has been pointed out by Coward and Burn. (24)
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These authors have pointed out that individual var-
iation in sensitivity and variation in the same ani-
mal from time to time may result in a given amount
being inactive in one, animal and a smaller amount
active in another. They concluded that the admin-
istration of graduated amounts 1is of value for accurate
assay only when comparatively large batches of animals
are used. Winton (78) has shown that when plotting
curves for the results of this type of work, the
curves tend to be much steeper for more homézygous
materiale. Cowatrd and Burn suggested that the unit
should be defined as the amount required to bring
50% of a batch of 30 ovariectomized animals into
estrus, but Allan, Dickens, Dodds and Howitt (3)
claim that the use of 20 animals to the batch is
insufficient to overcome individual variation even
when very homozygoué (Wistar) rats are used. These
authors observed quite considerable variation in
responge of groups of 20 to the injeétion of the
same amount. However, for practical purposes it
seems that the method of assay as given above gives
satisfactory reéults, especially in the hands of
experienced iorkers. Rarely is 4t possible for the

average laboratory-to.work with such large numbers
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of animals, as the expense and time involved pro-
hibit 1te
In regard to the condition of these test ani-
mals, weight and time after ovariectomy seem to
affect the sensitivity most. Variation in weight,
by causing variation in amount given per gram,
}might well be supposed to cause variation in response,
‘:énd Bugbee and Simond (14) correct their results
%o allow for variation in weighte. Other workers
’ﬁﬁvé attached variable sigﬁificance to this factor;
Coward and Burn (34) failed to find that this factor
had ahy influence. The time after ovariectomy may
" be of importance for tﬁo reasons, viz., the ovarie-
ctomized‘animal very rapidly lays on fat, and pro-
gressive atrophy of the uterus and vagina follow op-
eration. Qoihcident with this atrophy there is a
decline in sensitivity.
The opfimum site for administration-of the
test substance is quite universally agreed to be
subcutaneous, because by reason of the rather slow
absorption rate this most nearly simulates the events
in the normal animal and is most nearly physiologically
sound. Since the stimulus responsible for the pro-

duction of estrus._in the normal animal is undoubtedly
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exerted over a period of 24 hours before the
appearance of estrus it 1is necessary to arrangé for
the absorption of a continuous supply of the hormone
over at least a gimilar period. With the old fatty
extracts absorption was slow and one injection would
give this continuous supply. However, Dodds and
others, working with water soluble preparations give
the dose in six injections over 48 hours. Marrian
and Parkes investigating these factors concluded that,
for routine testing, the optimum method is to give
four injections at 12 hour intervals, i.e., to cover
36 hourse.

Variations in results among the different workers
using the above method of assay are partly due to
variatf%is in the criteria of estrus. Some workers
consider that the mere disappearance of leucocytes
from the smear is sufficient to indicate’ a positive
reaction (66, a,b) while others insist on complete
cornification of the vaginal contents (66 c,d).
Obviously, reasonably accurate and consistent
results may be obtained in any given clinic by adopting
and adhering to avgiven smear as an end point.

The use of the weight of the immature rodent

uterus in the assay of gonadotropic substances has
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been established. Levin and Tyndale (59) worked
out a method using mice and Heller, Lauson and
Sevringhaus (47) employed rats. Lauson, Heller,
Golden and Sevringhaus (58) investigating the
mechanism of the uterine reaction worked out a
Bimilar assay for estrogens and used it for‘compax-
ing the actions of estrone and its reduction com-
pounds‘estradiol (dihydrox&oestrin) and estriol
(trihydroxyestrin). |

The method employed was as follows: "Female
albino rats of the Sprague+Danléy strain, 23 t¢ 23
days o0ld and 34 to 39 gramé in weight, were used in
all of the experiments. Aﬁueous solutions of c:&s-
talline estradiol, estrone, and estriol were injected
subcutaneously twice déilyfoé three days. One-half
c.c. was given at each inj%cﬁion‘ On the morning of
the fourth day (72 to 75 hﬁurs after the first in-
jection) body weight and vgginal opening were noted,
and the animals were killed by rapid decapitation.
The uteri were separated f?cm the vaginas by cutting
throﬁgh the cervix, the su&rounding tissue was
stripped off and the uteroﬁubal junction severed.
- The uteri were weighed immediately after the intra-

uterine fluid had been pressed out on moistened
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blotting paper. Weights were read to tenths of a
mgm. on a Roller-8mith torsion balance. Weights
of the uteri before fluid was expressed and of
the vaginas and ovaries were also recor&ed, but
since they have been found to have no part}cular
significance to this paper, they will not be in-
cluded." ‘

These workers, employing a large number of
animals, prepared standard dosage-response curves
for estradiol and estrone, the usefulness of which
was tested by a large series of assays. In these
test assays small numbers of rats were used (usually
one to four) and then from the uterine weights ob-
tained with unknown solutions they were able to
read off (within practical limits) the amount of
.eétrogen present, the results checking quite closelye.
The chief disadvantages of their method are two
in number: first, a dependable supply of immature
rats is needed; and, second, the animals can be
used only once. However, several advantages are
apparent: there is a completely objective end-
point, no cdétrating, priming or other laborious
standardization procedures are required, the range

of reactivity 1s'1arge, greatly reducing the number
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of preliminary assays required and finally, the
uniformity of response makes possible consistent
relative accuracy with very few animals per assay.
~8ince the material available clinically is often
very limited in amount this last fact becomes most
impbrtant.

The principles upon which assays of this type
are based are not new since Frank (35) in 1929 de-
vised a quantitative test for estrin based on the
old observation that estrin stimulates growth of
the rabbit uterus. Astwood (12) studied these
effects of estrogens in the immature rat and found
that during the first few hours following an inject-
ion of estrogen the uteruaaundergoes‘a rapid change,
accompénied by an increase in weight, due almost
entirely to an accumulation of water. The quanti—
tative aspects of this response have calibrated by
Astwood and a simple method for accurate assay of
estrogens devised. (13)

WOtking with a large number of animals he
found that a single 1njection of estrogen caused a
maximum response in 6 hours, followed by a decrease
in weight, then a second 1ncrease»during«the next -

15 hours. Investigation»showéd that the first response
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was purely a hydroptic change, with maiimal im-
bibition of water in the endometrial stroma, and
that the second represents a true increase in pro-
toplasm. Results obtained o%er a 6 months period
were collected amd a standard curve produced from
which it was apparent that a direct 1ogarithﬁic
reiationship exists between dosage and uterine
responée, between certain dose levels. Astwood
showed that the maximal dose iq the reactive range
is 16 times greater than the minimal. "This wide
range of dosage‘over which the uterine response is
proportional greatly facilitates assay, for the
number of dilutions of an unknown solution which may
be tested need by very few. For example, if an
unknown solution be diluted in multiples of 4, and
each dilution injected into five animals, at least
two of these:dﬁéages will fall within the reaction
range; and from them the estrogenic potency can
be read directly. A very close approximation to
the true value can thus be obtained in six hours.”
Comparing Astwood's method with that of Lauson,
et al, it seems that the former should yield more
accurate results if larger numbers of animals are

used, but if small groups were used in both assays,
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the latter would yield more consistently useful
resultse

The methods of assay of which the above are
representative, namely, the Allen-Doisy vaginal
spread and the organ weight methods, are the two
most commonly emplojed at present, both for
clinical assays and for standardization procedures.
There are as many variations in technic as there are
workers in the field but most of these variations
are relatively minor. For reviews of the various
technics and their respective merits the reader
18 referred to the papers of Allen and Doisy (4)
Marrian (62), Dorfman, et al (39), Bulbring and
Burn (15), and McPhail (67). Hain and Robson
have compared the assay of estrin in the rat and
the mouse and have reviewed a good portion of the
foreign literature.

In the literature of the last four or five
years has.appeaied a number of procedures for the
determination of esirogens by other than biologic
aésay. A few of these will be briefly mentioned.

Oohen and Marrian (18), and also Kober (53)
have deviséd a method for the colorimetric deter-

mination of estrin inwrine. Alcoholic solutions
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of estrogeniq residues prepared from urine by
phenolic fractionation are analysed in a Lovibond
Tintometer and the weights of estrone (or estriol)
present in an aliquot sample are read from the appro-
mpriate standarization curve.

Allen, Smith, and Gardner (6) described a
short test for éstrogenic substances, completed
in 10 to 16 hours és compared with 48 to 56 hours
for the vaginalrsmear.test. It substitutes re-
cognition of early growtgfprodueed by the‘estrogenic
hormone in the vagihal wall for the compléte estrous
growth as required by the original test, This is
made possible without sacrificing the clear—cut\
nature of the end—poiht, by the use of colchicine
with the estrogenic material to be tested. Active
estrogenic material stérts mitotic division of the
basal cells of the vaginal epithelium. Colchicine
arrésts the mitoées, holding the dividing cells in
metaphase, thﬁg accumulating the evidence of growth.
Biopsy specimens of vagina are used instead of
vaginal smears for the detérmination of the end-point.

Venning, Evely, Harkness and Browne (78) make
use of é‘photoelectric colorimeter. Estrin com-

pounds extractedwixnm 300 c.c. of urine with butyl
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alcohol are hydrolyzed by autoclaving with concentrated
| HC1, and reextracted with peroxide-frée ether. The
residue is dissolved in alcohol and an aliquot |
taken for the determination.- The estrin solution

is evaporated to dryness and treated with a mixture
0f 3.6 parté of phenol and 5.8 parts of concentrated
" sulphuric acid and the tube placed in a boiling-water
: bath for szminutes. Readings are taken through blue
ttand green filters in the photoelectric célorimeter.
%iThe amount of estrin is defermined‘by the use of a
‘normogram. According to the authors between 500

and 5000 micrograms of estrin per liter of urine can

be determined with a maximum error of 10%.

II. BLOOD

(A) Method of Fluhmann - Fluhmann, in an
attempt to devise é simpler test for estrogens in
the blood,'wcrked out the following procedure. It
is depeﬁdent upon thé formation, in the vaginal
mucoéa of ieoently spayed mice, of tall columnar
‘cells secreting mucus (mucification), a change
which precedes cornification as described in the
original Allen-Doisy technique. It has been accepted
by the 8tanford University Gynecological Laboratory
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as presented here. ,

.25‘to 40 c.c. of venous blood ére collected
- in a sterile tést tube for tanamiesion to the labor-
atory. The sample is‘centrifuged,-the cells dis-
carded, and the clear serum kept sterile and re-
frigerated. | |

The test animals employed are recently spayed
adult female mice. It is important that oophorectomy
shoﬁld be donefnét shorter or longer than seven
- days prior to assay to éﬁoid unusual chang%s aif-
ficult of interpretati&n. |

A total of 4.5 c.c. of serum is given each
test animal by three daily injections, subcutaneous,
of 0;5 c.c. for three days. The éitéé‘of injection
should be varied as mu¢h as possible to facilitate
absorption. Onlthe fourth morning the animal 1is
sacrificed, The vagina is carefully dissected free
and, after formalin fixation, sections at different
'1§vels are made and stainedeith hematoxylin-eosin.

| '8ix reactions, of variable inténsity, are

reéognized by Fluhmann:

Reaction 0 - Atrophy of the vagina, the mucosa

showing two layers of cuboidal epithelium.
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Reaction 1 - Vaginal mucosa shows two layers,
a basal layer of low cuboidal, and a superficial
layer of tall columnar cells. A few leucocytes

are present.

Reaction 3 - The superficial cells are high,
there is beginning stratificiation and mucus
secretion. There is a well marked increase

in white cells.

Reaction 3 - The vaginal mucosa is nulti-lgyéred,,‘

the superficial cells are mucified.l Leucocytes
are numerous. Rapid growth may produce a char-
acteristic folding-in, or festooning, of the

mucoea.

Reaction 4-- The mucosa has 6-12 rows of cells,
the superficial cells are mucified, the lower
cells resemble those of the basaiulayer of
squamous epithelium. Leucocytes aré diminished. ;

Early’cornification.may be present.

Reaction 5 - ’The vaginai lining is fully de-
veloped squamous epithelium with cornified cells.

There are no white cells.

8ince individual biologic variation is present

here as in all biologic proéedures, accuracy is in-

creased as the number of test animals per gpecimen is
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increased. Two or three mice should be the absolute

minimum. The reactions of each animal are estimated
the numbers totaled and the total is divided by the
number of mice used to give a final reaction vélue.
For example, reactions of 3, 2, and 2 in three mice
would be interpreted as a reaction of 3.3 for the
specimen.,

In order to be able to interpret such results
on a quantitative basis, Fluhman worked out the average
reaction for krown gradient doses of estrogenic gub~
stance and tabulated them. His control results run
from an average reaction of 1.1 with 1/33 of a mouse
unit to an average feaction of 5.0 with two mouse
units. Hie tabulated results wculd indicate an in-
crease in probable error as the amount of-estrogenic
sﬁbstance decreases.

(B) Modified Method of Frank and Goldberger

Frank and his co-worders published numerous papers
up to 1926‘giving technics for the demonstration of
female éex hormone in the ci;culating blobd of both
animals and the human female. (8ee Frank, et al, 36,37,

38) In 1936 they discovered that the hormone could be

. detected in the blood of gravid women as early as the

‘Gth‘to 8th week and subsequently published a standardized
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proeedu:e. (39) These were alcohol extraction methods.
Sometime later the procedure was modified in that ether
instead of alcohol was used for extraction, (40) but
advance in the knowledge of the chemistry of the est-
rogens showed that some of the estrogenic compounds
were ether insoluble. 1In consequence, Frank and Gold-
berger returned to a modification of their earliest
vtechnic in which alcohol extraction was used, (41)
with a resultant great increase in the estrogenic
activity of the extract.

The new technic requires 50 c.c. of venous
blood. This is dehydrated in anydrous sodium sulphate,
following ﬁhich it is extracted twice wifh 200 c.c.
of 95% ethyl alcbhols. The alcohol fractions are com-
bined then evaporatéd to dryness on a water béth. The
residuum is taken up in 5 c.c. of olive oil and in-
jécted'into spayed mice. The bio-assay is carried
out according to the Allen-Doisy method as pieviously
described. B

(C) Neustaedter Modification - Neustaedter,

working at the New York Post-Graduate Medicél 8chool
and Hospital, used the Frank-Goldberger method in
the Endocrinology Laboratory of the Gynecology De-

partment on a large number of women and found the
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test satisfactory, with one exception: according

to him it is not always possible to emulsify the
lipoid residue with water., (68) At times he over-
came this difficulty by rubbing the residue with
acacia. Subsequently, however, he modified the pro-
cedure somewhat. 40 c.c. of blood are anhydrated
with anhydrous sodium sulphate, then twice extracted
with etﬁer. (See previous comment under B.) The
lipoid residﬁe is then taken up in 6 c.c. of bengzene
to which 0.6 c.c. of olive oil is added, following
which the benzene is allowed to evaporate. This
then is used for Allen-Doisy assay. Using this
procedufe in 44 normai, fertile menstruating women
Neustaedter obtained results practically identical
with those of Frank and Goldberger; |

- In a recent article, Taylor (73) summarizes

the present status of the bio-assay of estrogehic
‘substance in the blood and urine, especially as re-
gards #s practicability for routine hospital use.
He says, "The assay of a single specimen of urine
for estrin involves several chemical‘steps and the
use of perhaps twenty castrated mice or rats. It
must also be remembered that the excretion}of
estrin is quite variable throughout the menstrual

cycle, aﬁd;that the report on a single specimen may



give a quite erroneous idea of the patient's
ovarian function. Even four specimens taken at
weekly intervals may accidentally strike only the
peaks or the depressions in the irregular curve'

of estrin excretion. It is scarcely possible to
avoid, then, some system of continucus study, such
as the assay of consecutive 72 hour specimens,
throughout the cycle. 8Such a foutine is confining
to the patient and the actual cost of the test to
the laboratory cannot be less than a hundred dollars.
Test made upon the blood are even less satisfactory,
for a mouse unit is rarely present in less than 40
c.c. The amount of blocd required practically pre-
cludes repeated tests br a quantitative assay.

The indications for such an assay of the
estrogenic hormones in practice are at present few.
If a patient menstruates, it may be assumed that a
definite amount of estrogenic substance is being
excreted. Furthermore, enough data have not yet
accumulated upon urinary assays to define the range
which should be considered normal. Only if very
large or very small amounts are exc:eted can the
figure be given much significance. in amenorrhea,

the test may be of use in determining prognosis and
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possibly in avoiding the mistake of treating a

rare case of hyperhormonal amenorrhea with estrogenic

substance.”
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EXTRACTION AND ASSAY OF GONADOTROPIC HORMONES

Most of the present day methods of.the demon-
Btratlon of the gonadotropic substances in the blood
and urine depend on the changes in appearanoe of the
reproductive system (usually of uterus or ovary) of *
the immature rodent. The basis for these‘procedures
was laid in 1931 when Evans and Long (30) succeeded
in producing very definite changes 1n the reprod-
uctive system of the white rat by the iptraperitonea;
injectionuof an alkaline preparation of bovine an—-
terior hyophyseal éubstanbe.4 Some years later Smith
- and Engle (71) in this country énd_Aéchheim and
Zondek (9) in Germany observed that injections of
frésh pituitary gland tissuéAinfo immature mice and
rats leads to a precocious sexual maturity. In
1988 Aschheim and Zondek (10,11) described their
"pregnancy test" and showed .that the urine of preg-

nant iomen contains largé a&ounts'of g ome hormone
which has the prope;ty'of inducing‘changés in the
ovaries of laboratory animals. A>§tandard proéedure

for the dstection of gonadotropic hormones thus

becamé availab}e, and they were found in many bodx
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tissues and fluids under'varying conditions, in>
gravid and post-climacteric women, and in the
urine of people with certain tﬁmors, especially
chorionepithelioma and teratoma of the testicle.

As indicated before, there is considerable
evidence pointing to duality of "the gonadotropic
hormones“, but the chemical separation of follicle-
stimulating from luteinizing fractions (Prolan A
from B) has proven very difficult, and they have |
not been isolated in pure forms, if they exist.

It has never been decided, furthermore, whether

the urinary prolans and those of the adenohypophysis
are identical. The consensus of opinion is that

the hormones are similar but not identical. ‘There-
fore, it seems logical that any attempt to” assay one
or the other, at the present, would be of experimental
value only. However, Zondek (79) and Loeser (60)

have déscribed in the German literature metﬁods for
assaﬁ of the luteinizing hommone. Suffice it to

say that the following are representative of methods

of assay of the gonadotropic hormones.

I URINE

(A) Modification of Zondek's Method - The
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procedure, as given here, is the one worked out by

Kurzrok at Columbia University. For the extraction,
47 c.c. of morning\urine‘are made slightly acid with
dilute acetic acid then placed in a 350 c.c. centr-
ifuge tubé. 200 c.c. of 95% ethyl alcohol are
added then the mixture‘is allowed to stand for 2

to 34 hours. After centrifuging the supernatant
fluid is discarded. To remove the estrogenic sub-
stances 230 d.c. of ethyl éther;axe added and the
mixture thoroughly shaken to break up the precipi-
taté, which is ﬁhep separated by centrifuging. The
supernatant fluid is discarded. The ether is allowed
to evaporate until the‘preci_pita,te 1s dry following
- which 7 c.c. of distilled water are added and the
mixture is centrifuged again, and the supernantant
fluid, which now containe the follicle stimulating
hormone, is collected. -

Foruthe agsay, three immature female mice
weighing from 6 to ‘8 grams are injected twice daily
for three days. Each mouse received 0.35 c.c. at
'each injection, subcutaneously in the back, using
a 1 c.c. tuberculin syringe and a No. 34 hypodermic
needle. The mice are not injected on the fourth
day but are autopsied 100 hours after the first

injection.
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A macroscopic examination of the ovaries
and uterus is made. A positive test shows enlarged,
reddened ovaries showing large follicles, and an
enlarged and distended uterus and an open vagina.
A negative test shows small white oéaries and a
threadlike uterus. The extract should be kept
refrigerated. Each mouse receives the equivalent
6f 10.5 c.c. of urine. If the test is positiye it
" means that there are at least 100 mouse units of
the follicles stimulating hormone per liter. By
diluting the remaining hormone solution it is
possiblé to determine, more or less accurately, the
amount of’hormohe present. |
Aschheim (8) described this test in the

American literature to be used qualitatively for
‘the early diagnosis of pregnancy, chorionepithelioma,
and hydatiform mole. Reinhart and Scott (69) and
Schneider (70) following the work of Friedman (43)
*gréatly simplified the test for the demonétration

of excess of this hormone during pregnancy by using
a single, non-pregnancy rabbit weighing not less than
4 pounds. 10 to 15 c.c. of freshly passed urine are
- injected into the marginal ear vein. Twenty-four

hours later celiotomy is done and the ovaries and
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uterus are examined macroscopicélly. A positive
reaction is evidenced by enlargement of the ovaries
to two or three times normal size, and by minute
yeilowish protrusions of corpora lutea, or cyanotic
protrusions which are due to hemorrhages into a
follicle or a corpus luteum. There is also often
swelling and hyperemia of the uterus. The advantages
of this procedure over the original test are obvious;
a single injection is made and the animals can be

" used repeatedly.

(B) Method of Levin and Tyndale - Levin and

 Tyndale (57,58) while attempting to concentrate the
gonadotropic activity of the urine of post-menopausal
(or castrate) women, found that the active material
could be practically quantitatively converted into
non;toxiq extracts by the use of tannic acid. Their
procedure 1s as fbllows:

The urine is preserved with chloroform,
chilled, siphoned fgom any sediment, and brought to
§315.0 with acetic acid. To each liter of urine
20 c.c. of fresh aqueous 10% tannic acid are added,
forming an immediate precipitate. Thq‘heavy preci-
pitate is collected by centrifuéing and is then
extracted repeatedly with 95%, later 80% ethyl
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alcohol; this is removed by several washings with
acetone and the residue 1s made acetone-free by
reduced pressure. This alcohol-acetone treatment,
in addition to removiﬁg consid erable inert material,
removes any estrogens present.
This dry tannate is quite stable (lasts for a
year or more) and each 1itér 6f urine'yieldé 100-200
mgm. It contains from 75 to 100% of the original
gonadotropic activity as indicated by parallel
assays of the raw urine.
For assay, 20-23-day-ocld mice (8-12 grams
body weight) are used. The mouse unit, as established
by Levin and Tyndale, is defined as that amount which,
when administered in three divided doses on three
successive days by subcutaneous injection,‘will cause:
le Vaginal canalization.
3. At least a 200% increase in the weight
of the uterus drained of fluid (controls
4-7 mgm.)
3. A slight increase in ovarian weight as
- compared to uninjectedvcontrols. |
These criferia were adépted because, with minimal
~ doses, ovarian weight alone is quite unreliable. They

claim’the unit is quite sensitive and accurate in the

62



absence of estrogens.

These authors have described purification
methods for these crude tannates which yleld 1015
mgm. for each liter of pooled urine and in which
the original activity of the urine 1s concentrated
10 to 30 thousand times; these purified extracts are
non-toxic even in large doses.

(0) Method of Katzman and Doisy - These authors

(51) described a method for the quantitative deter-
mination of small amounts of the gona@dtrOpic material
based upon tungstic acid precipitation and removal
of the tungstate by means of barium, but because the
preparation was often deéidedly toxic, a later modi- -
fication using solid brucine instead of barium and
prepipitation by benzoic acid followed by filtration
was presented. The activity of the resulting preparation
was recognized by its ability to produce vaginal
canalization and cornifieé:?aginal epitheiium (estrus
smeaﬁ),‘and~recovery experiments indicated that the
extraction was adequate for measuring small amounts
(52). |

(D) Method 6£ Drips and Osterberg -~ These

authors, investigating the urine of women suffering

from menopausual vasomotor manifestations found that
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metho&éigreviously;in use (including:most of those
‘mentiOned ébove) very often gave negative results .
where the urinary prolan concentration was less than
66 rat units per liter. Wishing to be able to aif-
ferentiate ovarian failure from decreased pituitary
funetion (in which instance very little or no prolan
would be present) they evaluated a number of pro-
cedures and the method as adopted by them seems to
give the best results obtainable to date.

The technic is that of Frank, S8almon and .
- Friedman (43) which is a modification of the orig-
vyinal Aschheim-Zondek precipitation (79) method,
using'acetbnevinstéad of alcohol as aqetoné make 8
a more stable precipitate. Instead of beginning
with 60 c.c. of urine, 40 c.c. is used and in the
final amount fot biologic assay (8 c.c.) 3 c.c.
represents 100 c.c. of urine.

. Four hundred cubic centimeters of urine are
taken from a fresh 24 hour specimen and acidified
with concentrated acetic acid to pH 3.5 (Gohgo‘Red);
Four volumes 6f cold acetone aie added to the urine, |
shaken‘vigorousiy, and allowed to stand over night in
the reffigerator. The supernatant fluid is poured
off and the precipitate extracted with weak sodium
hydroxide., The pH of the mixture is adjusted to
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between 8 and 8.5, the residual precipitate stirred
thoroughly, the mixture centrifuged, and the final
precipitate discarded as the supernatanf fluid con-
tains the gonadotropic principle. The fluid is then
ad justed to pH 7 with dilute acetic acid.

In making the ﬁiologic assay,virying amounts
of the extract are injected into immature animals,
(22-24 gram rats) in a series of injections over 2
’or Srdays, as is usual. The smallest amount of
injected material which gives a positive reaction
represents the largest amount of prolan present
in the urine and vice versa. For example, a positive
reaction with 0.2 c.c. represents 100 rat units, a
positive reaction with 2 c.c. of extract represents
10 rat units, and a positive reaction with 4 c.c.
represents 5 rat units per liter of urine.

Albino rats are used; the uteri and ovaries
are examined grossly and weighed; thervaries are
then fixed in Bouin's fluid, embedded in paraffin
and after cuttiﬁg and staining in the-usual-@anngr,
are observed for evidence of follicle gtimulationb
and luteinization. .

The Levin assay made use of uterine weight

and Levin found out that the uterus showed more change
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at the end of 72 hours than at the usual period of
"96 hours. However, the microscopic changes in the
ovaries are more reliable than uterine weight (accord-
ing to Drips and Osterberg) and the ovarian changes

at 96 hoﬁrs are more definite than those at 72 hours,
g0 that is when necropsy is best done. Litter mates
are used and one rat of each 1litter is kept as the
control.

Microscopically, the ovaries of those animals
giving positive reactions contain.ohe or two very
large, well-developed follicles; the other follidles
are small and undeveloped, as though theée one or
two follicles had developed at the expense of the
other. In other "positive" ovaries there is more or
less uniform increase in the number and size of
follicles throughout the whole ovary, and this is
considered to be juét as significant as the presence
cf one or two large follicles.‘ Corpora lutea, when
présent, appear as normally formed structures.

Drips and Osterberg, using the above procedure,
studied some 348 women, of whom 13 were’nQrMal controlse
8ome had functional menstrual disturbances, others
were suffering‘from menopausal symptoms. The amount

of prolan in the urine helped to substantiate the
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diagnoses and in the case of menopausal vasomotor
phénomena the severity of the symptoms paralleled the-

urinary prolan concentration.

II. BLOOD

(A) Method of Fluhmann - The technic of this

test is again based on the 'prégnancy test® of
Aschheim and Zondek, and has been described in two
publications by the author. (33,34) 15 to 30 c.c.

of venous blood from the patient to be éxamined'are
centrifuged; 3 to 5 c.c. of the clear serum are in-
jected subcutanecusly, twice daily in from 0.5 to

1 c.c. doses, into an immature.female white mouse
(bétween gseventeen and twenty-two days of agé):

In the case of a positive result, the vaginal in-
troitus of the mouse 1s»establiehed by thehfourth or
fifth‘day and the animal is then killed and its ovaries
fixed in Zenker's solution. After embedding in para-
£fin serial eeciions are maede and studied. The con-
ditions which indicate the preaeneélggganterior
pituitary hormone are grouped into three categories

by Aschheim and Zondek, as‘follows: Anterior pit-
uitary reaction one, (APR I), the "ovulation®™ reaction,

" 1s denoted by the presence of follicles, and these
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consist of normal developing follicles or small
cysts lined with lutein cells. There is a striking
absence of follicles showing chromatolytic degener-
ation, as seen with anterior lobe preparations.
“APR—II“_coneiets of hemorrhages into follicles or‘
lutein cysts,‘and may be seen grossly as "Blutpunkte®,
but they do}not occur as readily in rats as in mice.
YAPR-III" is indicated by corpora lutea, with or
‘without imprisoned ova. It is worthy of note that
these structure occurvmuch‘sobher than normal cor-
pora lutea would be formed following 6vu1ation, and
have been seen as early as forty-eight hours follow-
ing the first injection of serum frbm a patient with
an early pregnancy. In a later publication, Fiuhmann
states that it is not necessary to concentrate the
blood serum fOr this test, but rather 1n'doing quant-
itative tests it is usually necessary to dilute the
origihal spécimens. Further (32) he states that at
least three rats should be used for each dosage level.
kThé two main obstacles which must be cvercome
to make possible an accurate assay of the gohadotropic
hormones are: (a) a reliable assay end-point, and (b)

a satisfactory concentration method. The first obetacle
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has been satiafactorily removed as shown by the
thorough investigation of the immature rat uterus
and ovary asrend—points carried out by Heller, Lauson,
and Sevringhaus (47). As indicated by the fore-going
procedures this is the assay end-point most widely
used.

Overcoming the second obstacle presents a
much different problem, particularly in the case of
the urinary prolanse Reports of efforts in this
direction are legibn, indicating general dissatie—
faction with concentration methods now extant. Accord-
ing to Heller and Heller (46) *for the routine assay
of large numbers of urine specimens from many different
patients, any urine concentration method must meet
the following pré§9quisités: (a) it must be simple
in order that large quantities ofAindividual speci-
méns may be handled; (b) it must concentrate the
active fraction many times; beéause pf the low con-
tent of some urines, the gonadotropic activity of
from'50@ cc. to 1000 cc. of urine must be concentrated
into an;amount small enough to inject into one raty
(c¢) it @ust retain a large percentage of the original
activity; (d) it must meet all the above requirements

withoutébeing toxic to the teet animals."

H
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Most of the concentration methods in the liter-
ature were developed for intensive study of the
product of any given concentration procedure and
were not designed for daily routine clinical proced-
ures. Many were designed for pregnancy urines,
hence, due to differences in urinary prolan concen-
tration were not applicable to normal or menopausal
urines. | ~

According to Heller and Heller, only the alcohol-
ether precipitation method, the tannic acid method
and its modifications, and their own saturated ammon-
ium sulphate method showed any promise of meeting the
above requirements. The last was discarded after
thorough investigation because of its complexity
and toxicity. These authors investigated thé other
two methods with the above prerequisites in mind,
using 500 c.c. aliquots of pooled urine samples, and
assaying with 21 day old female rats. Uterine and
ovarian weights and vaginal opening as found at
necropsy on the fourth day were the criteria. They
found the tannic acid method undesirable because of
the toxicity of the tannates (as evidenced by screness
- and hematomata at the site of injection) and several

modifications tried by them failed to reduce the
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toxicity. Furtﬁermore, routine assays of indivi-
dually run urines showed that responses produced

/by tannic acid at 500 c.c. equivalents‘cbuld also

be produced by the alcohol-ether concentrates at

the 200 c.c. equivalent lével. Finally, of the
concentration procedures, the alcohol-ether method
gives the greater amount of recovery, although raw
urine controls showed that this cannot be considered

to be 100 per cent.
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ASSAY OF THE CORPUS LUTEUM HORMONE

I. Method of Corner and Allen: Many functions

are aitributed to the corpus luteum but the best
attested of these is the production of a special
state of the uterine endometrium, called "pro-
gestational ﬁroliferation" by Corner and Allen (232)
which followe ovulation and corpus luteum fomation.
In this state the uterus becomes enlarged and hyper-
emic; 1ts epithelium, both superficial and gland-
ular, undergoes mitotic proliferation, and the
~erypts and glahds inqrease their complexity of ram-
ification, until in cross-section a very character-
istic picture is produced. This condition occurs
only in the presence of rebent corpora lutea in
Athe ovaries andAcan be prevented if both ovaries

or all the corporavlutea are removed soon after
‘ovulation. Corner (21) in 1928 proved that surg-
ical ablation ofwthe corpora lutea 14 to 20 hours
after mating causes total failure of progestatiohal
proliferationyand death of the embryos on reaching
the uterus on the fourth day. These observations

indicated that the influence of the corpus luteum
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-Was not only necessary for implantation but also
for survivél of the free blastocysts during the
four days between arrival in the uterus and nidation,
and further indicated clearly that the corpus
luteum is an organ of internal secretion, acting
upon the endometrium in behalf of the embryos.
Finally, these observations placed in the hands of
these workers a standardized method for testing
extracts of corpus luteum from which has evolved
a method of assay.

An adult doe, preferably one which had been
1solated for one month or more, is mated to one
or two bucks unti; insemination has been proved
by the discovery of spermatozoa in vaginal smears
made immediately after mating. The animal is
now again isolated until the experiment is completed.
Some 18khours later the animal is aneethetized;
the abdomen is opened under strict aseptic technic,
and the ovaries removed (if ruptured follicles are
found, as expected). This is accomplished by‘clamp—
ing the ovarian pedicle tightly in a small artery
clamp, then’transfixing and ligating the pedicle
with black silk, followirg which the ovary can be

excised distally.‘ Bleeding points are carefully
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controiled.by ligature and one is ¢areful to avoid
kinking ofvthe fallopian tube., Essential to the
accuracy of the test is complete ablation of’the
ovaries to assure that no corpus luteum tissue is
left behind. A portion of the uterus near the left
cornu is.now excised between ligatures, after the
corresponding mesometrial vessels have beeﬁ tied, and
the cut ends of the uterus are approximated by tying
- the two uterine ligatures. This portion of the
uterus is preserved in Bouin's fluid and is used

as the histologic control. The abdomen is now closed.
Immediately after operation the extract is ad-
ministered subcutansously in the back and continued
once daily thereafter until five doses have been ,‘

~ given. Necropsy is performed on the fifth day énd
the genital organs are removed for examg?ation; The
ovarian beds are carefully searched fo:;;esidual
ovarian tissue and any suspicious tissues are best
removed for histologic examination. The uterine
cornua‘and the fallépian tubes can be washed Qut
with saline into watch glasses to obtain the em-
bryos, after uhich they are fixed in Bouin's sol-
ution‘for seciioning. A fairly accurate provisional

estimate of the result can be obtained without walting
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for paraffin sections, by examining with a dis-
secting microscgpe in a strong light the surfaces
of razor cuts made through the specimens after a
few hours hardening in the fixing fluid. The re-~
sult of the test is measured by the degree of _
progestational proliferation induced in the uterus,
accordihg to a standard described below.

The test is considered fully positive if at -
thevtime of necropsy the endometrium has attained
throughout both cornﬁa a condition similar to that
of the uterus at the 8tg day of normal pregnancy
(as seen in sections taken from the undilatéd por-
tions between the implantation sites.).

A "rabbit unit® is the minimum dose of an
‘extract nhiah suffices, when divided into five daily
doses, to alter the uterus of a doe weighing three
to four kilograms, under the specified experimental

test, to a state equal to that described above.

II. Method of G;aube:g: Clauberg (quoted in

Kurzrok) has modified the above procedure in that
a similar animal is injected with 10 M.U. of estrone
daily fod eight days, following which the corpus

luteum extract is injected and the uterus subjected

v5



tg‘microscopic study exactly as described above,
However, one must be careful in interpreting re-
sults-because'thére is a great difference between
the GbrnereAllenéand the Clauberg units, the

former being about twice as large as the latters
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