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PLACENTAL ECRNONE!

The intermediary function of the placenta, between the mat-
ernal organism and the foetus, has been known since early history.
However, it has been only within the last three decades that
another function has been ascribed to this organ, namely, that

of a gland of ianternal secrsetion. The first expgession of this

&2 “vgf”‘ék“ﬂ‘ﬁ?wﬁ
W

view was made in the year 1305 by Zalban,{I) gefman physician.
Yalban's hypothesis, which was based upon the interpretation
0f clinical facts ahd almost éntirely from his own experiences,
has stood the sest of time and research. It has been only
within the last decade that experimentors have comfirmed and proven
most of the deductions of Halban and placed his hypothesis on
a firm basis.
1t will be of interest to give some of the comculsions {I){2}
Halban obtained from his clinical work, merely %o show his
compreheasion of the subject before any experimental work had
been done., He considered the placenta as a gland of internal
secretion, and whose secretion, caused thegrowtsh augs i, per-
emia 07 the uiterus and vreast through out pregoancy. This influ-
ence was removed with the expulsion of the placenta, and the
mammary glands were able to secrete milk., However, if the
placenta remained with a circulatory communicaticn with the uter-
ine wall the activated breasts could not secrete milk., In addi-
ticn, Zalbsn noticed that after the early periocd of gestation

had passed, the ovaries could be removed with out iaterrupting
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sregaancy or iaterfering with milk sec¢reticn postpariume.
Although Halbhan did no experimental work to prove his theories,
his eonculsions acted as a stimulus for the work which followed.
The experimental work on placental hormones may be divided
into three different periods. The first and earliest period
was one in which aqueous extracts and press Juices were used,
In the second, the lipoid soluble subltances were investigated.
In the third period, which ftakes us up until the present time,

different fractions and different solveats were used with most

-encouraging and definite results,

The first period, dating feom avout IZCHE +till 1313, con-~
sisted of a2 series of experiments conducted by Clayton, Starling
and Basch.{3). 7These men used agueocus extractis of the rahbit
placenta§ and injecting it inic rabbits thought they were able
to produce milk secrefion in both the pregnant and nonpregnant
rahbit. Basch even went s0 far zs5 t0o market one of his extracts
as & useful therapeutic agent. These extracis were soon proven
to be inert and discarded. TYothing more need be said of this
period except that 1t was the beginning of experimsnial work
on placental hormones.

The second period of investigation hezan with the work of

s published in I2I2. His work dealt with

W

Isooresco{4) which w:

lipoid extract from the placenta. This extract whén injected

i

into mature rabbits, prodewced marked hypernlasia and coangestion

of the uterus and vulvaz, as well ss of the breasts. These

changes were so strikine definite that they could ezsily be

recognized.
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Pragk states {[I)-{P.63) regarding the technic of ISCOresco.
"Here it wili suffice 30 sgy that the fresh minced tissue was
extracted in zleohol and that further extractions were per-
formed with other lipoid scolveants according te o definite tech-
nic some part of which has formed the basis of practically all
of the work performed since then.m

Following Iscoresco's work, Schickele(5), Pellner(6!, Aschasr

5

(3}, Yermann(4), Seitz(3), “intz(B), Pingerkut(6}, and Prank(5),
between the yeaps I91E-I915 experimented with extracts obtained
with 1lipoid solvents. These men 2ll agreed that unmistaka le
stimulation of the genital and mammary systems of females could
he obtained with their extracts of the ovary and placenta,
Probably the most compleie investigations of the avove
men were carried out by Tellner and Herrmann, (I)(P63) Fellners
extrasts were prepared by extraction with alcochol, netroleum
etner and again alcohol were emulsified Wlbh water, This ex=-
trsct, when injected into virgin and castrated rabbits or
grrainea pegs, breduce& marked uterine and breast reactiocas.
from thié they cohcluded: first, in the placentsz and membranes,
are contained materials which, by subcutaneocus or intraperi-
toneal ianjections, produce growth of the breasts, nipples, and
uterus, also sstrus and pregnancy phénomenz in the uterine
mucosa, and in the vagina, Second milk secretion was not noted.
Third, the substance goes into saline solution, is alecohol,

ether and acetone soluble, and may be a lipoid, Fourth, excised




guinesa pig uterus responds to agueous alcohol-ether extiracts of
the placenta with a strong protracted contraction.

In regard to Hérrman's work, Deisy (3) states: "Herrman's
paper constitutes the most complete systematic, chemical, and
physiological study of the placental hormone prior to I920"
Proceedure resembling Eerrman's in many respects have been used
by Frank, Daisy, Dickens, Dodds and Wright, Faust, and Hartman.
Faust and Hartman, (3] (P8I0) apparently following in the foot
steps of Hemman, have improved the proceedures,

Herrman's product was probably the most pmre of any pfoduct
up until I920 snd he was able t0 obtaln é patient for his extract.
By his proceedure he was able %0 remove 211 sulphur, nitrogen,
and phosphorus. This product however was not chemically pure
as proven by Frank (I} (P87) and was therefore discarded.

The work of these men has definitely shown that & hormone
exsists in the placenta, one which has a specific gction cn the
genital and mammary tracts of the female. Therefore, the next
step t0 be accomplished is the isclation znd purification of the
hormone.,

Between the years 1920 to I923 very little was accomplished
in the way of isolating or purifying the hormone. Up until this
time there had been no satisfactory test for the standardigsiion
of the substance, It had been necessary to sacrifice the life of

the animal for the test, and consequently it took considerable
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time and expense t0 carry out any tests, But with the intree
duction of the vaginal smear test by Allen and Daiéy {7} this
difficult portion of the experiment was solved. 7This test, which
was published in 1323, was a great advancerment in the isclation
and purificstion of the hormcnes because of ﬁhe ease ¢of aopplica-
tion and interpretation which it afforded.

Since i1t will be necessary to refer to this test later a
short descrgption of it will be given here. The test consists in
the injection of an immature or castrated mouse with some potent
extract which is to be tested. After forty eight hours there 32f
definite estrual changes consisting of thianing of the uterine
W&%% with thickening and cornification of the vaginal walls,

The test is read by the amount of comnification and thickening
which occurs. The amount of extract which will produce the
grestest change in an animal weighing 140 grams is designsted as
g rat or mouse unit, depending upon the animal used,

The third periocd of investigation.may be said %0 have started
with the work of Zondek {I) (PI4I) in I925 and continues up
until the present time. Deisy (3] (P6I0) speaking of this period
stated; "Though Sagueur, Zondek and Glirm mEnticn the solubility
of the hormone in water, the work of Saqueur and his sssociates
in showing that the hormone may he obtained in s refined condition
by aqueous extraction must be regarded as one of the real ad-

vances in the progress in the isolafion of the hormone®.
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Prom this time on the work consisted in the isolatlion and
parification of the hormone by such men as Frank, Zondek, 8linn
and Deisy and his coworkers. The hormone, however, wag not
completely isolated till about I929 by Daisy (8) and his cowork-
ers, using as improved technie¢ of the above men. He has just
recently placed on the market a hormone which he calls "theelin'™,

%e may state here that there are numerous names given 1o this
hormone, however we will limit them 1o that of "oestrin® and
"theelin™ in this paper.

The amount of knowledge obtiained from the work of isola#iﬁg
theelin led investigators to believe that the ovary did noi
regulate 1ts own periodicity. Consequently they began t¢ ia-
vestigate to defermine the factors which enfluenced the ovary.
The first work of that nature was carried out by Zondex and
Aschheinm {8) in 1227,

Thelr experiments consisted in the implantation of placent-

al and aaterior pituitary fissue into mice. From this work they

concluded: first, that the implantation of these subsiances into
the imrpature mouse brings about precoclous cestrus, inciuding the
ovarian changes; and second, that it is the stimulation of the
ovaries, wkich undergo maturation and elaborates the cestrus
produding normone or theelin.

In an erfort to isclate this substance Zondex (6) (P I52)
found that it was present in the blood, urine, and feces of
pregnant women in very large amounts. This resulted in the

Aschheim-Zondek test for pregnancy.




There was no further attempt to isolate this hormone from
the placenia until Weisner (9) in 1929 attempted but 4id not obiain
it in a pure form. However kis proceedures, with some modifi-
cation, were adopted by Collip {IO){II}) in I®3I who was able 0
obtain the placental hormoﬁe in =z pure state.

Sollip {I2)(I5) began his work early im 1930 as a result of
the énfluence of Veisner. He first endeavored to isolate the
anterior pituitary~like substance from the placenta, bﬁt was
unsuccessful at this time. However at this time he isolated z
substance which he‘thsught was the anterior pituitary-like

hormone until he had carried out scme experimental work with

it., Xe found from further investisation that it was an entirely

new substance having different physiological and chemical
properities from either trat of the anierior-pituitary like
hormone or theelin. Collip named this hormone "Emmenin',

The significance of the occurtence of these‘hormones in the
placenta has not been completely worked out. Yen such as
Aschheim, Daisy, Allen and Weisner (I3) beleive that the placeanta
secrets the hormones as well as storing them, while Parkes,
Iillie, and Bellerby (I3] beleive that the placenta only actis as
a protector of the foetus by filtering the hormones liberated by
the saterior pituitary and the ovary, since thsgsé hormones are

present in the hlood during pregmancy in rather large amounts.
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The men in favor of the secretiocn of the hormones by ihe
placents base their conclusions on the fact that there is an
abundance of such in the placenta, and that the hormones have
heen isolated from the cord and smniotic fluid. The men on the
opposite side base their conclusions on the fact that injection
of theelin duriag pregnauncy leads to reabsorption or abortion,
therefore its secreticn by the nlacenta would he a definite
anomaly.

The ~lacenta contains as much hormohe weight for weight =as
the ovary, 2nd weighs about five hundred times as much, thus
containing five hundred times as much theelin as the ovaries.

The hormone has been isolated from the cord and amniotic fluid
thus rathe: disproving the fact that the placenta acts as a
filter. In view of these facts it would seem that the evidence
obtained was more in favor of the secretion‘of theelin by the
placenta.

After having isolated the hormone Emmenin Collip (I4) states
regarding the placenta as a gland of internal secretion: "Up to this
time we had tentatively accepted the hypothesis that the maturity
provokiang factor of the placenta was identicael with the anterior-
pitultary gonad-stimulating principle. As the investigation
proceaded howkver, it became apparent that a theory sccording to
which the placenta is considered as the ductleds gland of pre-
gnancy , producing by an active process 2 pregnancy hormone with
both physiological and chemical properitges peculiar to itself,

would fit the observed facts much bhetter., “hile we do not feel




that we have a2s yet sufficient evidence available {0 prove ihis
theory conclusively, we are nevertheless of the opinion that there
are many observations which support it" ©e bases his theory

on the facts obtained from Emmeﬁ*ww;ich are:

I. Z®xtracts which have been prepared from anterior pit-
uitary lebes by use of acetone have veen found to be non-
cestrogenic.

2. 1t has been shown that the placental ocestrogenic hor-
mone ié effective by the oral route.

3. There has been no decrease 1z potancy after treatiang the
placental hormone with pepsin or trypsin.

4. With the placental hormene there has heen no effect on
the ménstrual cycle, impregnation or lactation. There has
heen no increase in the size of the ovaries or seminal vesicles
and lastly the hormone will uot produce abortion.

From the factsllisted above it would sesm that the evi-
dence in favor of the secretion of hormones by the placents is
by far themost convincing, yet they are not conclusive, and as
stated by Collip the proof must awalt further investigation.

A discussion of the placental hormones will next be taken
up with respect to their preparation; chemical, and physiclo-
giecal properties and clinical resulis,.

“he most recent proceedure in the preparation of theelin

by Deisy{8) is its isolation from the urine of pregmant animals.
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Yowever he had previously isolsted it from the placenta (I5].

It consists in the addiag of butyl alcohol to urine, the butyl
alcohgl acting as a solveant for the hormone. The solution is
distilled to separate the urine from the butyl alcohol and is
then leached with benzene. It is next changed to alkaline by
the use of ether, aleohol and petroleum and sodium hydroxide.

This proceedure is carried cut several times until the product

n is formed. “heelin in

Fuds

is pure %hen by crystallizaticn theel
this.form contains .00I Mm.gm.0f S0l&ds per mouse unit., Previous
to this the purest contained .I m.zme Of solids per mouse unit,
Although this is a very cendensed deseripticn of the method of
preparation it will serve t0 show the difficult technic and

chemical reactions necessary %o carry out the preparation of the

hormone.

“heelin is a white crystalline substance soiuble in alcohol,

ether, acetone, benzene, chboroform and water(I6). 7he active
substance is resistant t0 comparatively high temperature though
the exact temperature at which destruction takes place appears
t0 vary between 170 degrees and 360 degrees {centigrade; accord-
ing to the solvent.(6P30) It does not contain nitrogen phos-
phorous, sulphur or cholestrol. Theelin is reaﬁily oxidized,

undergoing slow inactivation from aimospheric oxygen, and rapid

destruction by oxidizing asrents. The hormone is non velatile

5

and does not sunlime. Lt is readily absorbed hy dialysing




membranes and filter paper.i it ioses its activity whén exposed
to light and mo;e rapidly in ultra-violet rays or sun light.

"he physiological properities (6)(FIIB) of theelin are hest
showa by i%s injection into animsls. ~hen it is injected into
a2 normal animal Jjust hefore cestrus occurs, there is an inten-
sification of the normal chenges in the genital organs without
alteration of the ovarian cycie. If theelin is injected while ocestrus
is in abeyance it results in the appearance of extra ovarian
oestrus, In an animal where the functional corpora lutea are
present in the ovary, considerable dosage is reguired to bring
about this effect. There are no ovarian changes characteristic
of oestrus occuring during these induced periods.

The inJjection of theelin in & normal pre-pubertal animal
has briefly been described under tbé vaginal smear test and will
need no further discussion.

The injection of a pregnant animal with theelin may bring
about two results. (6}(PIIB} PFirst, if injected in the earlier
stages of pregnancy the effort of the uterus 0 assume an Osstrus
condltion mey result in an abortion. Second the injection may
override the action of the persistent corpora iutea, and bring
about a condition analogous with that produced by the removal of
the corpora lutea during pregnsncy.

In senile snimals Parkes (6){PII?) reports complete rejuvenation



including the recommencement of follicular maturation, an
ovilation with the ﬁse of theelin.

¥ale animals show a degeneration of the testis and some
"antl masculine reaction® accsrding t0 Sagueur and his goworkers.
However Parks (6)(PI12I1) believes‘it is hard to reconcile this
conclusion with the preseace of ocestrus like substance in the
male urine,

Yany of the articles 0on the clinieal use of theelin are noi

it

available. Lowever Parkes (6)(PI20-IRI) summarized the work very
well up until I929.

He states: "Owing to the difficulty of adminstering ade-
guate dosses of the olly extract to women, clinical research with
oestrin has not progressed far., 7ith the new water-soluble
preparations it should be possihle to make a great advance in this
direction. HXven so however it 1s far from obvicus what part
oestrin may be able to play in the correction of reproductive
disorders in the human. The premenstrual growth of the utefus

is an effect of the Corpus luteum and at least a part of the

ensulng mensiration is pseudo pregnant deégeneration. Frankel in

-particular has emphasized the improbability that oestria plays

a dominant part in the human cycle. evertheless, a variety of

ositive results have bheen reported. VWiniz and Seitz, Wintz and

T

fingerhut record a number of chinical tests ¢of corpus luteum
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preparations "lipanin” and "luterlipoid", some of which appeared
to give positivs results, but it is very difficult to assess this
early work. “The same applies t0 the clinical work of Herrman.

"Using definitely ocestrus producing preparations Pratt aad
Allen claim to have produced enlargement of the human uterus in
cases of both primary and operative amenorrhpea. HYenstruation
was not produced Zondek obtained more satisfactory results,
¥hile Bronha and Simonanet claim t0 have'successfully treated
ovaryectony atrophy, amenorrhea, sterility, dysmenorrioea,
infantile conditions of the genitalia, and meénapause symptoms,
Sagueur reporis some success in treating»amenmrrhea.

7 I% is clear that in considering all such clinical wogk
due attention mﬁst be pald to the difficulﬁy of adéquately con-
trolling work on the human, and also 1o the psychological factor
involved., Little can be deduced from the results at present,
but it seems probable that oestrin will have some clianical use,
especially in expediating labour'.

| There were some rather interesting cliaical investigations
carried out by Moosen (I7) in I920. Although this was before
thé placental hormone was purified, she used a hormone supplied
by Park Davis & Co. and desicated bovins placenta, with which
she seemed 10 obtaing definite results., Her work consisted in
the adminisiration of the hormone or desicgated plécenta t0 the

puerperal women with In the first twelve hours. She found that

by

by s0 doing, the babies began 10 gain weight earlier and a larger

percent, regained their hirth weight much more rapidly than

without the extract. Fhe concluded from these %tests, that
? L]
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the secreticn of milk is established on the first or second day,
that the violent establishment of the mammary function is avoid-

ed, and, that the administration of the hormone will stimulate the

mammary gland at any period during lactation.

A consideration of the hormone "Emmenin® will next bhe
taken up. 3inece the preparation of *Hmmenin", anterior-pitultary-
like hormone, and theelin are more or less coonscied by the
proceedure of Collip (IQ) they will bé considered tqgether
here. |

"he preparation consists in the sextfraction of the human
placenta with either alcohel or acetone. The extracts are then
coancentrated zad fractioned. These fracticns are divided inte

three porticas eaash appearing 1o contain an active principle.

. The first fracticn contains theeline. 1t is obtained by repeated

extractions with ether of the acetic acid acldified aqueocus

concentrate of the original extract,

jin

fhe second fraction is soluble in eighty five psrcent alcohol
and is present in the original extract. Theelin is removed from
this By repeated exitraction with either. iHowever 1t is very
difficult to remove and necessataies the extractiocn %0 be carried
out ten times and the agueous phase acidified with acetic aecid

after each extraction. This fractiocncontains "Ermeain®

The third fraction consists in the precipitate ohtalned



from the original extracis by the uss of alcohol up 0 eighty five
nercent concéniration. 1% is then repeatedly e%tracted with
water and ether znd reprecipitated by alcohol to remove the other
hormones. 3y this proceedure the anterior pituitarv~iike hormone
is obtained.

ILittle is known conceraing the chémical properities of
“Emmenin' other than that which has heen obtained during its
isolation and, in carrying out experiﬁents since no more of the
hormone has been isclated than was necessary for experimental
purposes. nowever, 1t is known that the hormone 1ls scluble in
elghty five percent aleohol, is non-protein in characier and is
unaffected by digestive Puzymes, or boiling with dilute zcetic

acid. Abhout one miligram is obtained from ond kilogzram of placenta

and one rat unit contains about .00I5 miligrams of solids,

- Since there has bveen no other work doane, other than that of Collip's

on the placental hormones, "Hmmenin, and the aaterior pliuitary-like substance,

his work will bave 10 be used eantirely and he will be‘quoted
frequently.

The imjection of "Fmmenin™ in immature rats sroduces
oestrus in from three 1o seven days either by oral or subcut-
angous administration. “he amount used to produce cestrus is
equivelant t0 &5 grams of placental tissue each day. “xamination
of the animals at this time shows gross and microscouic changes in
hoth the uterus and vagina typical of ocestruse. There is also
an iagcrease in the size of the ovaries ss a result of tge develop-

ment of the follicles. Jorpora lutea were not observed in the
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ovaries at this ¥ime, These changes were also proéuced by
"Bmmenin which bad been treated with pepsin aﬁd trypsin. TFhere
were however & number of immature rats which 4id not respond to
the use of "emmenin™and consequently it is impossible %o deter-
mine the rat unit.

There has been no demo¢nsirable changes either in the immature
or adult male or in senile female rats from the use of "Ermmenin.

In female adult rats there were no chauges in the osstrus
cycle, impregnation, pregunancy or lactation with daily administra-
tion of a dose corresponding t0 one to ten grams of plgcental
tissue (I0).

There are some very satisfacto;y results in the c¢linical

cases treated with "Emmenin”(I8)., One

.

nundred and thirty five cases
0f deranged ovariaan function were used, consisting of Amenorrhes,
Uy smenorrhea, folymenorrhes, I'strorrhagia, ¥enorrhagia and

Yenapausal symptoms. Thege cases had no grogs or ovvious

%

pathology in the pelvis., They were chserved for a period varying

from three to nine months. 4 sunmary of the cases is a&s follows:
%0. Of cases

Treated Improved
Amenorrhea
Primary o8 I
Secondary
Oligomenorrhoes 20 18
Uligoménorrhoes (with lapses) I 12
Fegular {with lapses) 13 11
Dy smenorrhoes 36 25
Polymenorrhoea 8 7
¥enopausal symptoms I8 I4

There was no pesult obtained either in mef®rorrhagia or ¥enorrhagia,
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“he patients were givea a dose of "Emmenin"” corresponding to seventy five

grams of placenta daily. It was given in water or oraage Jjuice
hefore each meal. 3Some 0f the patients were unable to tolerate
this dose hecause of symptoms such as nausea and vertigo. In
these cases the dose was reduced unitil there. were no such
symotoms produced. During the treatment of $these cases there
wers no bad effects noticed on impregnation.of gestation and
four of the patients became pregnant while the ireatment was
being used.

Although this 1s 2 small group of cases from which to draw
any conclusion, they do show promises of proving "Emmenin®™ a
valueable therapeutic agent in many of the ovarian dysfunctions.

Little is konown regardiang the chemical properities of the
anterior pitultary-liike hormone of the placenta with the exception
of the fact that it is not soluble inm alcohol, is decomposed by
enzymes and boiling. ©Coansiderable is known, however, avout the
ghemical properities of the anterior pituitary hormone. in a
recent article Collip {11} compares the physiologlical effect of
the two hormones and there is such a difference in the results
that he believes the two to be entirely different.

He bases his conclusion on the fact'that the adminstration of
the anterior pituitary-like hormone in doses equivalent to thirty

two grams of olacenta will not produce any increase in weight of



the ovaries ss compared with the implants of the anterior pit-
uitary. However this effect may be Interpreted either as a matier
of dosage or that there is an absence of some specific growth
promoting substande in the anterior pituitary-like hormone.
Pacts supporting the latter interpretation are furnished by
experiments on male rats., In male rats, especially the immature
animals there is an increase in the weight of the seminal
vesicles and prestate gland with both the implants of the anterior
vitultary gland and use of the hormone, However the use of the
hormone does not produce an incerase in the size of the testis
while the implants of the gland do.

Although the above facts were obtained in a very écientific
manuer they sre not conclusive énough to prove the two hormones
t0 be different, 7hile they susgest that there is a difference
between the two hormones there are a gocd many factors Which
enter into the cuestion and these factors will have to be decided
ny further investigation before a2 definite conclusion can be
obtained.

n

[

“he injection of the anterior pituitary-like hormone
immature female rats{IC) hag resulied in the occurwnce of cestrus
on the fourth or fifth day., These animals at this time show the
usual phenomena of ocestrus in the uterus and vagina. In addition

the ovaries show a marked increase in size and contain numerous

corpora lutea, ‘these conditlons were znot produced by the oral
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administration, or by boiling‘the normone.

in male rats {10} there has heen an increase in tbé rate of
growth of the seminal vesicles and prostate gland with in ten
days. =zowever if the administration was carried on over a long
period of time the normal animal tended %0 egual the size of the
treated animal in regard to the size of the accessory sexual
apparatus. éithough there occured an hypertrophy in the accessory
glands the gonads were unchanged.

Daily injections of ithe antericr pituitary-iike hormone inio
adult females produced a slight irregularity in oestrus although
the cycle remained the same., Normal pregnancy and lactation were
not effected by its continuous use.

The clinical {I8) work on the anterior pituitary -like
hormone is even more limited than that carried cut with “Bomenin®,
It consists only in %the use of the hormone in metrorrhagisa,
however the results were most encouraging. The extract was
administered subcutaneously and contained approximately ten rat
units per cc. There was no enlargement of the hreasts or milk
sgcretion occuring with the administration of this hormone.

There fore, from the work of Collip and Daisy, one may con-
clude: first, that the placenta contains three hormones, theslin,
Trmenin and an anterior pituitary-like hormone. Second, that thess
hormones are alike in that they are cestrogenic in %the irmature
feomale rat, but differ in chemical and other physioclogical pro-
peritiess Third, that the isolation of these hormones has seem-

ingly proven the placenta to be a gland of internal secretion,




rourth that although the clinical experimentation has been limited,

the results are very encouraging with some specific results,
fifth, that the future offers no limit for the possibvility
of treating ovarian dysfunclion since cne hormone may b= used to

stimulate the zction of the ovaries while another may be used at

the same time to carry on the function of the ovaries.
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