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INTRODUCTION

The discovery of the Aschheim Zondek test for
Pregnancy resulted from a large amount of research work
which had been performed in the investigation of the
hormones concerned in the physiology of the female
reproductive system. This work had been carried out by
an almost countless number of investigators, in all parts
of the world. I shall make no attempt to review the
literature on this subject since it has already been done
in the monographs by Parkaslao and Frankao, and, moreover,
1% would serve no useful purpose in & thesis of this kind.
It is my intention merely to point out the chief events
which led up to the foundation of the Aschheim Zondek

Reaction as a test for pregnancy.

From time immemorial, it has been recognised that
the ovaries are intimetely concerned with the onset of
puberty, end that their presence is essential for maintaining
the integrity, and functional activity of the accessory sex
organs, That this ovarian influence is by means of an
internal secretion was first proved by Knauerxlo,who shewed

that the effects of bilateral oophorectomy could be

counteracted by ovarian transplants.
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All efforts to produce an active ovarian extraoct
elther falled, or the results were unconvineing, until 1912
when Adlera obtained signs of sexual activity in
ovariectomised animals following the injection of watery
ertracts.s From this date onwards, reports of the effeots
of active extracts were given by workers in all countries,
Fellner73, also in 1912, progressed so far as to be able
to describe the preparation of a lipoid which was soluble
in ether and alcohol, was thermostabile, and which produced
oestrus when injected into ovariectomised animals. This
crude produet contained the activs prineiple which we now
know as oestrin, or follieculin. Herrmannlo1 confirmed
this work, and also shewed that an indentical hormone could

be obtained from the human placenta.

However, all these invastigators experienced
difficulty in deciding when their test animals were 'on heat'
and this deeision often meant sacrificing the life of the
eanimal. It was, therefore, an observation of grect moment

when Stockard and Papanioolaoul66

, in 1917, found that the
vaginal epithelium of the guinea pig shews oyclical
variations corresponding in time to the cyclical changes in
the uterus, The importance of this discovery cannot be
over estimated, and practically all the work which has since
been carried out in connection with ovarian, placental, and
pituitary hormones, has been made easier and more exact, by

the introduction of the 'vaginal smear technique' as a test



for oestrus.

Until 1923 there had been no means of standardizing
these ovarian extracts, but in that year Allen and Doisy®
devised a method. Subsequently co;arawann Burn49 proved
this method to be inaccurate, and prooeeded to modify, and

improve it.

Before oestrin could be used as a therapeutic agent
on human beilngs, it merely remained for it to be produced
in a water-soluble form : this was accomplished by Lagquer
and his co-workers +14; 115,  rater Butenandt®® , and
Dois'ys9 » working independently, both desoribed processes
whereby the hormone could be obtained in a pure orystalline

state.

The occurrence of oestrin in the tissues, and body
flulds of human beings and animals, has been the subject of
numerous articles, but for our purpose we shall only polnt
out that Fels’’ » Aschheim and Zondekl4 , and others,
demonstrated that it could be found in large guantities in
the blood and urine of pregnant women., Allen and Doisy7 in
1927 reviewed the whole subject, expounded the physical and
chemical properties of oestrin, and produced good evidence
to shew that it was derived from the membrana granulosa cells,
and was in fact the active principle of liquor folliculi.

Meanwhile other observers had worked on the hormone



ohe

of the corpus luteum. The earliest work was done between

84,85,86  yo gemonstrated that

1903 and 1913 by Fraenkel
the corpus luteum was essential for the implantation of the
ovum, and for the continuance of pregnancy. Leo Loebdl?

was the first to shew that the corpus luteum so sensitized
the endametrium that 1ts response to any stlmulus was a
'placentoma® formation. Gradually the corpus luteum came

to be looked upon as the chief factor in the causation of
menstruation : this view originally introduced by Hitschmann
and Adlorlo? s Was fully worked out by Oornor47 who
experimented on the Macaocus rhesus, It was in 1923 that
Corner elaborated the theorj of menstruation, which, although

modified, is generally believed at the present day.

For many years it has been known that the ovary is
intimately related to the other endoerine orgens., Frdhlich®2
and Cushing®® both drew attention to the effect of pituitary
disease on the female genitalia, That experimental ablation
of the anterior lobe of the pituitary leads to hypoplasia of
the genitalia was shewn by Crowe, Cushing and Hormans®l and
also by Asohnerlg. Blair Bell23 confirmed their findings,
and Smith159 demonstrated conclusively the dep~ndence of the

genitallia upon the integrity of the anterior hypophysis,

After failing to produce any effects by feeding
animals on fresh, or dried, anterior pituitary lobe, Evans and
Long 97968 in 1924, published the results of injecting
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immature female rats with alkaline hypophyseal extracts.

The following changes ocourred @

le True gigantism

2« The uterus and fallopian tubes remained infantile

3¢ The ovaries shewed an inhibition of follicular

ripening and ovulation, together with a luteinization

of unruptured follicles

4, There was a delayed onset of puberty and

inhibition of oestrus,
These experiments were repeated by Smith and En31615°'161 .

but instead of using extracts, they treated the lmmature

rats with dally transplants of anterior lobe. They found

that these transplants, instead of delaying the onset of

puberty, hastened ite.

The changes occurring in the genitalia were :

l. Ovary (a)
(b)

(e)

2¢ Uterus (a)
(b)

(e)

3. Vagina (a)
(b)

Inorease in size and weight

Ripening of follicles and super-
ovulat ion

Complete absence of atretic follicles

Increase in weight and size

Inerease in the thiockness of the
musculature

The lining epithelium became columnar,
and the cavity was filled with secretian
Patenoy was established

The mucosa became cornified.
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These effects, they shewed, were only obtained if the injected
animal had ovaries in situ : pituitary transplants into
ovariectomised rats produced no changes in the uterus, and

oestrus was not precipitated.

At the same time, but independently of these workers,
Aschheim and Zondek:?® performed similar experiments. They
obtained identical results while using the anterior hypophysis
of male or female, human beings or animals : they also shewed
that the pituitaries taken from immature, or senile, animals,
produced exactly the same effects as those taken from mature
animals. The ovarian responses which they obtained differed
slightly from those of Smith and Ehgle, in so far that they
described the production of corpora lutea atretica, as well
as ripe folliecles : again, some of the follicles became
haemorrhagic and shewed up to the naked eye as brownish red

spots on the ovary.

In view of the marked differences in results obtained
by Smith and Engle, and Aschheim and Zondek, as compared with
those obtained by Evans and Long, 1t was postulated that the
anterior pituitary contained two hormones which acted on the
ovary. Bellerby?® was the first to suggest this possibility,
and although it was discredited at first, it became more
generally accepted when Evans and Sim.paon69 shewed that the
follicular ripening factor, and the luteinizing factor, had
different solubilities. The presence of at least two ovary
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stimlating hormones in the anterior hypophysis is now
believed to be a faet ¢ to these Aschheim and Zondek apply
the names Prolan A and Prolan B, the former being the
follicular ripening hormone, the latter being the luteinizing
faotor. Wiesnerl?4,175 pefers to the same substences as

rho 1, and rho 2, respectively.

As early as 1808, comte*® demonstrated gross
enlargement of the anterior lobe of the pituitary during
pregnancy. The definite histological changeswhich ocourred
were later deseribed by Erdheim and Stuqma“s and Blair Boll23 -
In view of the hypertrophy of the hypophysis during pregnancy,
it was reasonable to suppose that its functional activity was
also increased at that time, Aschheim and Zondek » in 1028,
demonstrated that this supposition was correct, and that the
pituitary hormones were produced in such lerge quantities
that they were easily demonstrable in the urine of pregnant
women. The demonstration of these substances in the urine
has thus become the Aschheim Zondek test for pregnancy. In
the same year 5124211295 ghewed that these same hormones
ocourred in large amounts in the blood during pregnancy.



THE ASCHHEIM ZONDEK  TEST

Erinciple
The Aschheim Zondek reaction as a test for pregnancy,

depends for its prineiple on the demonstration of the presence

or absence of Prolan A and Prolan B in the urine. This is

done by injecting the urine into immature mice, and noting

the effects produced on their genitalia,

It must be emphasized at the outset that although this
reaction 1s usually referred to as a test for pregnancy, this
is not striotly true, and it is my intention in this thesis
to regard it as a test for the presence of living chorioniec
elements in the body.

Tec e
(1) As described by Aschhe d_Zondekt®

In the original technique the animals used were
immature female mice aged 21 to 28 days. Five mice, and one
control, were used for each test, and for preference, these
mice were all taken from the same litter. An early morning
specimaen of urine was obtained from the patient in question,
and was injected subcutaneously into the animals ; each one
recelived six injections within 48 hours, The mice were
killed and examined 100 hours after the first injection. The
emount of urine injected was varied in each of the five mice
according to the following plan :



Animal 1 6 injections of 0.2 c¢c. urine
“ R . " Q5 60, "
" 3 o " QS 00, "
" 4 " " 08300, "
" 5 y " Qeé co. "

(2) As emploved in this series of experiments
Viith a view to sinplifying the procedure, and making
1t a more practical test, the following technique was

employed :
Andmals, Immature female mice were used as test animals,
Their ages varied from 21 to 28 days, and they weighed
between 6 and 8 grams., The animals were obgalned from
dealers so that no reliance could be put on their exact
age. To save expense, only three mice were used for
each test : this did not affect the rellability of the
test. The economy in animals had one disadvantage in as
much that when a toxie urine was injected, there was less
chance of at least one mouse surviving until the complétion
of the test. This occasionally meant that the test had
%o be repeated, but the ultimate saving in the number of
animals was considerable. At first, a control mouse was
used : after some experience of the test however, this

procedure was abandoned as being unnecessary.

Dosage. If the dose is varied with each enimal as
recommended by Aschheim and Zondek, a very complicated



method of animal marking is required. I therefore gave
each mouse 0¢5 cc. of urine at each injection, and so no
distinotion between them was necessary. This modification

produced no incorrect results.

Injections. It was found inconvenient to inject animals
three times in one day, so in the majority of the tests,
the mice were injected morning and evening only. Five
injections were glven, so each mouse received a total of
2¢5 c0, of urine within 48 hourss In a few cases however,
circunmstances forbad rigid adherence even to these times
of injection, and on occasions, the animals received only
one dose in a day, while at other times two doses were
glven within three hourse In these tests, the animals
always received their full quota of urine within 56 hours.
Although these variationes in no way interfered with the
results obtained, yet it seens advisable that, whenever
pessible, the doses should be evenly spaced over a period
of 48 hours.

All injections were made subecutaneously into the
ebdominal wall, a procedure which, with praotice, can
easily be performed without the help of an assistante.

Examination of the Animals,
The mice were killed between 96 and 108 hours after

the first injeection. 1In a few cases, when a diagnosis was
required quickly, one of the animals was killed before this
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time : +this was never done until a vaginal smear showed
the oells characteristic of oestrus. The vaginal
orifice usnally beceme patent about 72 hours after the
commencement of the test, but it was rare to find ovarian
changes so eerly. It is stated that if only one of the
test animals shews the typiecal effects, the test should
be reported as positive : this has been found to be true
although in actual practice, if the reaction is positive,
it is usual for all the mice to show the characteristic
genltal changes.

The uvterus and ovaries were examined by the
naked eye, and if haemorrhages were present in the ovaries,
no further examination was requireds In the absence of
these haemorrhages, microscopic sections of the ovaries
were out, since it was found to be unwise to rely on a
nacroscopical diagnosis of the presence, or absence, of
corpora luteo., Zondek*®® found microscopical examination
necessary in 12 per cent. of cases : in 18 per cent. of
our series of tests, it was impossible to arrive at a
diagnmosis on the naked eye appearances alone. This high
Tigure is due to the faoct that we examined many more urines
which gave a negative reaction, than those which gave a

positive reaction,

Urine

An early morning specimen of urine was obtained

whenever possible : this has the advantage of containing
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a higher concentration of the hormones. MNo preservative
such as ghloroform, or triocresol, was added, but in the
intervals between the injections the urine was kept in an
fce-chest at «4° 0, DBefore each injeotion it was
8llghtly wameds At one period, in an attempt to make
the test an even nore simple prooséure, the urine was
left entirely untreated, and kept at room temperature.
This method was abandoned sinee the urine usually became
toxie and killed the mice.

ethods d S088 the R Q t various

hormones <3

Before stating that any urine ocmtalned any special
hormone, it has been required to satisfy one or more of the
conditions given under the heading of the hormone concerned.

1. Qestrin

e The production of the uterine and veginal changes
gssociated with oestrus, without there being any
nicroscopical evidence of follicular ripening.

Da The production of cestrus in a spayed mouse or
rat,

8s» The fact that previous extraction of the urine
with ether deprived it of its ocestrus producing
powers,



3. Prolan A

&+ The production of oestrus changes in
association with ripening of the Graffian
follicles in the mice ovaries. The ovarian
changes were only accepted on microscopical
evidence.

be That no effeots were obtained on spayed
animals.

¢. That previous extraction of the urine with
ether did not deprive it of its ability to

produce oestruse

3. FProlan B

a@. The production of corposa haemorrhagica in
the overies, recognised macroscopically, or
microscopically.

b. The production of corpora lutea atetrica as

shewn 1in microscopic sections.

Quantitative Lstimation of the Hormones.

Although meny investigations have been carried
out in connection with the standardization of these hormones,
vet quantitative work 1is surrounded by difficulties. Most
experiments in this direction have been performed with oestrin. _

and the difficulties encountered have been well illustrated



in a series of papers by Coward and Burn49 , Marrian and
Parkesl?3 , and Allan, Dickens and Doddséz. The chief
obstacle is the variation in individual response of

different animals, to the same amount of hormonee. Parkaslao
sums up the situation by saying "It would seem, therefore,
that unless prohibitive numbers of animals are used.......
the assay of oestrin cannot became exact with the present

methods.™

In view of this I made no effort to estimate the
occurrence of hormones quantitatively. In one or two cases
I attempted roughly to estimate the smount of oestrin present
in the urine : this was done by injecting varying quantities
of urine into spayed rats, or mice, and noting the least
quantity which would produce cornification of the vagina,
This method has been rightly critiecized by Coward and Burn,

and the results obtained are not put forward as being accurate.

ect in S
In order to test for the presence of oestrin, it was
necessary to use animals from whom both ovaries had been
removed. This operation was performed on mice and rats under
ether anaesthesia. In the mouse, a horizontal midline dorsal
incision was used, while in rats it was found more convenient
to use two vertical dorsal incisions, one on either side of

the erector spinae muscles.

To make sure that all ovarian tissue had been removed,



Control Test Mouse

Figele A positive Aschheim Zondek reaction shewing enlargement
of the ovaries and corpora haemorrhagica, also hyper-

trophy and dilatation of the uterus,

e.n. A

Fig.2 Mouse ovary from a positive test Ovary of normay
x 45 immature mouse
X 45

0.1+ = corpus luteum atretioun

C.he = corpus haemorrhagicum

f. = follicle in early stage of
ripening.
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and that none had regenerated, the animals were never used

for an experiment unless their vaginal smears had been

negative for oestrous on seven previous successive days.

The Changes in the Immature Mouse Genitalia produced by the

injection of the urine of pregnent women, end

their causation.

Ae Qvarlen Changoes (see Fige2)

1.

2

Se

Increase in size and weight (see Figel). This enlarge~
ment is noticeable to the naked eyes IMloroscopically

this sign is valueless, since 1t is obvioua.that a

seoctlon out through the periffery of a large ovary may be
smaller than a section ocut through the centre of a small
ovary. This enlargement is due to the presence of large

ripe follicles, and of corpora lutea atretica.

reas tye The dllated blood vessels can
be seen coursing over the surface of the ovary. This

change is also apparent in microscopical sections (Fige4)e

Ripening of Follicles. This is known &s the Anterior
Pituitary Reactlon One (A¢PsRe} by Aschheim and Zandok15 "

The mature follicles can be seen, in section, as large
follicles distended with liquor folliocull (Fige3).
Although a ripened follicle is easy to distinguish, it is
much more diffioult to recognise the early stages of
ripening. It has been said that the first stage is

!




Fig.3. The ovary shews follicles in all stages of
s ripeningi also two corpora lutea ateirica (s.l.)
x 60.

FPig.4. Shewing increased vascularity ¢f the overy, and
follicles in the process of ripening. Blood
vessels coloured pink. x 55.



4o

represented by an lncrease in the number of layers of cells
which conprise the membrane granulosa. This change,
however, cannot be recognised with certainty, since the
apparent number of layers varies according to the dspth
at which the section is out through the follicle, For
the signs of early ripening it seems best to rely on
two features, namely ¢
(a9 The inorease in size of the follicle as shewn by
distortion of the shape of & neighbouring follicle
(Figed).
{(b) The formation of liguor folliculi producing a space
amongst the granulosa ocells,
The cause of this folliocular ripening is generally assumed
to be Prolan A.

Luteinization (AsPuReIII).

By the term luteinization one means "the well known
changes that sometimes ocour in unruptured follicles as
evidenced by enlargement of the granulosa and theoca
interna cells, by an inorease in the thickness of the
follicular wall and by the remifications of the capillare
léB..0vc0sss0ese Imprisoned between the hyperplastic
lutein cells is the degenerated ovum" (xranllla).

These corpora lutea atretioca can be seen by the
naked eye as yellowish brown bodies, but it is unwise to
rely on the macroscopical appearance in diagnosing their

presence (see Case 85)s Mioroscopically, these corpora



Fig.5 (a) Seotion shewing histological differences in
appearance between granulosa cells and
lutein cells. X 55

F a unripe follicle. C.Les = corpus luteum atreticum’
CeFe = cystic follicle,

Fige5 (b) High power view of part of the seme seotion, The

Swollen, faintly steining, lutein cells are well
Sseen. X 280,
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Jutea present the same features as those found in the
hunman ovary, their cells staining more faintly than the
granulose cells, eand having & swollen appearance (Fige5).
The degenerate ovum may, or may not, be seen, depending on
the degree cof luteinization, and on the level at which

the seotion 1s out, This ovarian change, according to
present beliefs, is due to Prolen B, and corresponds to
the efrects produced by Evans and Lan368 with their
alkaline extracts of anterior pituitary.

Haemorrhage into a follicle often ocours and gives

rise to the appearance of reddish brown dots on the

‘surface of the ovary (Fige6). These were described by

the originators of the test as "Blutpunkie". They can
usually be seen by the naked eye, but occasionally, unless
care is teken, one may mistake a sharp bemd in a superficial
blood vessel for one of these haemorrhages. If the
haemorrhages are small, or are deeply situated, they are
sometimes not seen unless a microscopic examination is
madae.

The factor whioch causes these haemorrhages is a
matter of dispute. Kranllla advances the view thal
oestrin is responsible ¢ his evidence is that a sinilax
effect can be produced by injecting adult rabbits with
oestrin, However, I have often injeoted urines, proved

to contain oestrin, yet no Prolan A or Prolan B, and have



Fig.6. Photographic enlargement of the genitalia of s
mouse shewing a positive reagtion. The ovaries

shew increase in size and corpora haemorrhasics :
the uterus is enlarged.

Fig.7. Shewing haemorrhsge (H) in association with luteal
cells (L) X 200



«l8=

failed in every case to produce any changes in the ovaries.
To prove this conclusively, & urine of 2 pregnant women
was taken and extracted repeatedly with ether until it
failed to produce oestrus in ovariectomised mice. It was
then injected into normel immature mice, and it produced
haemorrhages in exaotly the seme way &s before the removal
of ocestrin. This experiment wes reposted with three

different urines, and similar results were obtained.

I thought at first that Prolan A was probably the
causa) factor, It will be shewn later that Prolan A,
unaccompanied by Prolen B, can be demonstrated in the
urine in conditions other than pregnancy : in all of
those cases in which it ococurred, I failed to find a

single ovarian haemorrhage.

There remains, finally, Prolan B, and meny things
point to this hormone as being the essential factor in
the production of corpora haemorrhaglca.

(1) ¥o haemorrhages ever occurred except following

injeotion of urines obtained from pregnant women.

(14) Prolan B was never found in the urine except during
pregnancy

(111 ) The ccourrence of haemorrhages, and the formation of
corpore lutea, are the only two specific changes
whieh are dlagnostiec of pregnancy. Frolan B is
responsible for one of these, and therefore is
probably intimately concerned in the production of
the other.
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(iv) Microscopical exomination of the haemorrhages shews
that luteinization is usually occurring in adjacent
areas of the folliocular wall (Fig.7).

Eng1053 hasg also pointed out this feature.

But Evans and Iong®® , who obtained luteinizstion
by injecting alkaline extracts of the pituitary, failed to produce
these haemorrhages. Aschheim and ZOndeklz however, with their
pituitary transplants, produced follicular ripening, luteinization
and oorpora haemorrhagica. It seeme therefore, that the
haemorrhagees are host probably due to a combined action of Prolan .
and Prolan B. Neither hormone can produce them in the absence
of the other, and since they are only found together in the urine
during pregneney, it is understandable that the occurrence of

corpora haemorrhagica should be diasgnostic of that condition.

Pellner'®

has suggested that this phenomenon is due
to a non;spooifio irritant impurity in the urine : this idea
can hardly be tenable since it is obvious that they must be
produced by some substsnce which is only present in the urine

during pregnancy.

Uterine Changes

The thread like uterus of the immature &nimal
becomes converted into the large thickened organ as seen

in & mature animal at oestrus (Fige.6 & 8). The detailed



Fig.8 (n[. orose Section of an immature mouse uteggu.
x .

Fig.8 (b) An immature mouse uterus as seon after injections
of pregniney urine. There is hypertrophy of the
walls, and distenslon or the lamen.

' x 35.
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ochanges are -
(1) Inoreased Vasoulamity

This is recognized macroscopically by the

turgid congested appearance : the dllated blood
vessels ocan be seen standing out in marked contrast
to the pale background of the uterine walle
(11 )Hypertro of the Musculeture
The musele coats undergo hyperplasia and are
definitely inocreased in thiokness, This effect
is probably due to the action of oestrin,
(11i) Endometrium
""he endometrium is thickened, and the glands
are inereased in number and become active. The
epithelial cells iining the uterine oavity change
from the immature cubical to the high columnar
typee. This endometrial proliferation, as Alldna
has pointed out is due In the first place to
oestrin, but in its final stages, results from
the superimposed action of the corpus luteum
hormone. c:l.auberg41 is of the opinion that
oeatrin alone is responsible for this ochange.
Decidual reaction has never been seen in
microscoplcecal seotions ¢ this is in accordance

- with %he findings of Gander93 .

{(iv) Formation of Secretion

The seeretion, which is colourless, and rather

viscous, collects in the uterine ocavity, and causes
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a dilatstion, thus producing more enlargement of the
uterus than eould ve obisained by museular hype rtrophy
alone. The secretory steze of the uterus is sald by
Mazer and Hoffmennl®S to be due to the corpus luteum
hormone. However, I have shewn that this secretion
is produced if urines containing only ocestrin are
injected, and in those tests in which the urine
contained large amounts of this principle, it was
noticed that excessive dilatation of the uterus by

secretion was produced.

The oestrin producing these effeects is derived
from two sources :
(a) It is present in large quantities in the
injected urine.
{p) It is produced by the ripening Graffian
follicle of the mouse : this 1z secondary

to the ovarian response to Prolen A.

The corpus luteum hormone has never been
demonstrated in the urine during pregnancy so it must
originate from the lutein tissue produced in the mouse
ovaries by the action of Prolan B. That this
abnormal lutein tissue 1s capable of function, can be
shewn by the fact that a deoiduoma reaction can be
obtained in the uterus of a mouse treated with

alkaline extraocts of pituitary (Toollﬁe).
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Mge9. Vaginal smear during dioestrus. n.e.c. nucleated
epithelial eell. 1. leucocyte. X 400

Fig«10« Vaginael smear during pro-ocestrus, This consists
almost entirely of small nucleated epithelial
cells., x 300,
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Vaginal Changes

The vagina in en immature mouse is represented by a

solid cord of cells., This hecomes canalized at puberty.

After injections of urine the following responses are

obtained :

(1)

(11)

Premature canalization of the Vagine

The vagina 1s usually seen to be open about
72 hours after the first injection. Vhen full cestrus
is reached, the vaginal orifice is not only open,.but
appears unusually large, congested, and free from

gsecretion.

Changes in the Veginal Smear

The changes ocourring are those characteristio

of the onset of oestrus. The cyclicel variation in
the vaginal epithelium of a guinea pig was first
deseribed by Stockard and Papanicolaou 166, 1n brief,
the various stages in the oycle of the mouse are
represented by the following appearances in tha vaginal
smeare
Digestrus (Fig.9)

There is a moderate smmount of vaginal secretion,
The smear shows some large nucleated epithelial cells,
and a considerable number of polymorphonuclear
leucocytes. 1In addition there are usually a few
non-nucleated squamous ocells,

Pro=gestrus (Figel0).
The vagina is filled with a mucous secretion.



Fig. 1ll. Vaginal smear during early Filg. 12. Smeér at oestrus,
cestrus shewing lerge epithelial There are only large none-
cells with nuolei in various stages nucleated epithelial cells

of degeneration, X 300, present, X 250,

Fig. 134 Vaginal smaaf during metoestrus. The field shevs & nass
of leucocytes: in the centre is a degenerated cornified

cell. (0000) X 380,



B G

The leucocytes disappear from the smear, and nothing
is seen except small nuocleated epithelial cells., These
occasionally shew mitotiec figures. As oestirus ocomes
on, the cells become larger and the nueclei gradually .
disappear (Figs.ll).

gaustrus (Figel3)

The smear shews very large non-nucleated squamous
cells only : these stain pink with eosin, and cannot
be mistaken. The wvagina at this atage is abnormally
dry, end the contents have the "cheesy" appearance
desaribed by Stockard and Papenicolaou.

Metoestrus (Fig.l3d)

At this stage, there is a leucocytic invasion,
and a smear shews a mass of polymorphonuclear cells,
while here and there, a non-nucleated squamous cell
remains,

At times, an intermediate stage between oestrus
and the leucooytic invasion, has been noticed ; on
these occasions the vagina becomes filled with a
mucous secretion, and e smear shows streaks of this
material, but very few cells of any typee This
appearance probably corresponds to that obtained in
the third stage of ocstrus by Stookard end Papanicolaou.
The seerction, they say, is composed of the products
of the destruetion of the epithelial cells by the

actlion of the leucocytes.



.7 -

The terms used in denoting the stages of the

[+
cestrus cycle are those introduced by Heapgg.

All these vaginal changes are known definitely
to be due to ocstrin, this hormone, as pointed out above,

being derived from an exogencus end endogenous source,

The Criteris of a Positive Diagnesis.

Fron what hes been saild previously, it is secen that
the changes ooburring in the mice genitalia, when pregnancy
urine is injected, are due to at least three hormones =
Prolan A, Prolan B and oestrin. All the effects described
however, are not necessarily produced in every test, and it
i1s essential to know on which specific response one should

base a diagnosis of pregnancy.

Cegtrin has bheen shown to be present in the urine
of non pregnant women. Allen and Doisyv found it in the
urine in amounts whioch varied according to the stage in the
menstruel oyole. Frank and Goldberger" found that in
some cases of amenorrhoea, cestrin was excreted in moderate
amounts, and this fact led Mazer amd Hoffmaant®® to susgest
that the cause of the amenorrhoea in these patients was a
lowered renal threshold rfor this hormone. I have confirmed
these rindlngs in two ceses of secondary amenorrhoea (Nos.52

and 85), and cestrin was also present in the urine just before

menstruation, in a patient who suffered from irregularity
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of the menstrual oycle (Noe67). In addition,Zondek179 shewed

that the hormone could be found in the urine of patients who

had ovarian cysts producing menorrhagia,.

In view of these findings, it is highly important to
neglect all oestrin effects in arriving at a diasgnosis on the

question of pregnancy.

It will be shewn later that Prolan A occurs in the
urine in conditions such as malignant disease, menopause and
after bilateral oophorectomye. Follicular ripening is,

therefore, valueless as an indication of a positive reaction.

Aschheim and Zondek insists that AsPeRelII oI
AePeRelIIl must be obtained before a positive diagnosis is
givene. Allan end Dickens® also make this statement,
Experience im the test only makes one desire to emphasize this
fact morc strongly, and as an illustration of this basis
prineciple I quote three cases :

l. Case 85 (see page 39) Here an error in diagnosis was
made because a decision was reached before micrescopical
examination revealed complete absence of luteinization
in the ovaries.

2. Case 81 (see page 41) The detalls of this test were
as follows :- Three mice were used ; one died 72 hours
after the first injeotion and sheved no genital changes.
The remaining two were killed at the appointed time and

examination revealed :-



e

Fig.l1l4. Mouse ovary from case No.B8l. Here a positive
diagnosis was made on the appearance of s

8ingle
corpus luteum (e.1.) The remainder of the ovary
is typically immature. x 60.
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Animal 1. Vagina closed. Doubtful uterine enlargement.
No ovarian change.

Animal 2. Vagina just open, but smear negative for
oestrus. Uterus slightly enlarged.
Ovaries doubtfully enlarged, but one corpus
luteum in the right one.
Microscopical examinetion of the ovaries
shewed no inereased vasocularity, and no
evidence of follicular ripening. Both
ovaries contained one corpus luteum (see

Figel4).

In spite of ocmpiete absence of signs of oestrousin the
animal, the test was reported positive, and after events
shewed it to be correct, The case was one of a tubal
mole which, no doubt, had still some living villi present,
The macroscopical appearances obtained in this test are
shewn in Fig 21. Gross uterine and ovarian enlargements
are seen, the vaginal smear contained cornified cells
only. There were no corpora haemorrhaglea, and the
ovaries were sectioned. The microscopical picture
(Fige22) shews follicular ripening, but complete absence
of luteinization. This, therefore, was a negative
reaction ¢ the urine was from a patient who had had

both ovaries removed.
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RESULTS

In the perfommance of tests for pregnancy, 105 urines
were examined.s These urines were, for the most part,
received from patients in whom a clinical diagnosis of the
presence or absence of pregnancy was uncertain. A few,
however, were obtained from patients known to be pregnant?
these were tested in the course of an investigation of the
effects produced by variations in technique. An endeavour
was made, 1ln every possible case, to find out the main

symptoms and physical signs before performing the test,

With these 105 specimens of urine, 148 tests were
carried out., All the patients have been subsequently
traced, and their final diagnoses ascertained.

The results are given in detall belows The notes
on the after histories of the patients, or the operative
findings, are given under the column headed 'remarks’', In
those cases in which the medical attendant of the patient
concerned has merely reported that the diagnosis had been
correct, without giving the details of the after events, I

have inserted *'diagnosis confirmed'.
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RESULTS

No. __ Cliniocsl History Result of Test Remarks -

1. None Positive. Ectopic pregnancy
at operation.

8. 12 weeks amenorrhoea. Negative. Patient died from

—t 888 in Pouch of Douglas. TeBes peritonitis.

S Abdominal Tumour. Negative. Broad Ligement
JFibroid. -

4. Enlarged Uterus ? fibroid Negative. No difference in

? pregnaney. - piwvsical signs on
examination 3
w S
5. Period 3 days overdue. Negative. Recommenced
? Eotopiec. menstruat ion 3
weeks later.

Ge None. Positive. Retroverted
Gravid Uterus.

dead

7. 22 weeks uterus ?, foetus Positive. Mecerated foetus

pre-eclampsia. Excess oestrin. passed 4 days

B. Age 46. Uterine Tumour. Positive. Diagnosis
confirmed.,

9. Amenorrhoea, 6 weeks, Positive. Diagnosis
confirmed.

10, |? Incomplete abortion. Negative. All symptoms
disappeared
menstruat ion
became normal.

11. 12 weeks pregnanoy. Positive.

Hyperemésis.,
12, EBarly pregnancy. Bleeding Positive. Abortion
PeVe Lxoess oestrin. ocourred one week
later.
13, Age 44. 20 yrs. sinece Positive. Confirmed.
last child. Fibroids
with amenorrhoea.
14, 20 weeks uterus ? dead Negative. Test 1 Uterus emptied

foetus.

Negative. Test 2.

of macerated
foetus.




No. Clinical History Result of Test Remarks

15, Age 43. ’‘nenorrhoed. Negative. viegnosed as onset
Prolan A of menopauses
present.

16, Sterility for 12 yeaers, Positive. Disgnosis
Amenorrhoea for 12 weeks, confirmeds

17, Amenorrhoea followed by Negative. No elinical signs
bleeding., of presnancy

supervenods

18, 16 ®eeks amenorrhoea. Negative. Utexrus normel in
Morning vomiting and size.

om Lfrequency.

19. Storility for 8 years. Positive, Diagnosis
Uterus 23 weeks but confirmed,
containing fibroids. -

20, Pregnaney. ¥ death of Positive. Normal pregnanoy
foetus., Oestrin in progressing.

‘ _8xcess,

21, 32 weeks uterus, ? death Fositive. Macerated twins

of foetus, Oestrin in passed 6 days late
0XCesS8 e

22 Pregnaney. 7 death of Positive. Macerated foetus
foetus, Cestrin in passed subsequently

eX0088,

20 12 weeks amenorrhoea. Negative. Clinical diagnosis

of lMenopauses _ |

Rb: e ? Incomplete abortion. Negative, No clinical evide
. enece of pregnancy. _

25, Abortion 12 days previouslye. Positive.
placentsa retained. Oeatrin in

excess.

26, Ruptured Hotopie Pregnancy. Positive. Section shewed
Urine received 24 hours after aoctive villi.
Operation.

27, Amenorrhoea 6 weeks, followed | Positive. sborted before
by 3 wecks bleedinge complotion of test,

2Be Tubal mole. Urine received Nesative. No vetive villi

24 hours after opcrat ion.

seen in sections




No. Clinical History. Result of Test. Remarks.

29. 26 weeks pregnancy. Pre- Positive. Foetal Heart
eclampsia. ? foetal No excess of heard subsequent-

e death, oestrin, Y.

30 Amenorrhoea 10 weeks. Strongly Hydatidifom
Bleeding pe.ve Uterus positive. mole evacuated

7-18 weeks, 2 days laters

30 Test repeated with same Stroangly
urines positive,

3le 12 days after evacuat ion Positive, Hystereot any
of Hydatidiform mole. showed portion

of mole still
present,

324 Enlarged uterus found Positive, Diagnosis
at_laparotomy, coniirmeds

33+ 8 weeks amenorrhoea Negative. At operation
followed by 3 weeks follicular eysts
pleeding, of ovaries found

but no evidence of)

o Qre@g.

34, smenorrhoea 17 weeks, Test 1. Negative. |misced abortion
Uterus 12 weeks. Bleeding Test 2. Negative, evacuated
vagzinallye Test 3., Negative. |subsequenily.

Qestrin present,

30 Tubal Mole. Urine received | Test 1, Positive, |No sections of

48 hours after operation. Test 2, Positive. mole were
Oestrin present examined.
in excess,

36 o Uterus found enlarged at Positive. Abortion & wecks
Locarotomy,. laters

7. Amenorrhoaa 6 weeks Test 1. Negative, | At operation
followed by 4 weeks Test 2, Negative. |Tubal Mole was
bleeding and abdominal Oestrin yresent found.,
pain, in small amounts,

38, Age 44, Uterus enlarged. Positive. Operation.
Bllateral appendage Pregnancy with
swellings, ovarian

Tibromata,.
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_Positive.

No.  Clinigal History. Result of test. Remarks.

39. 18 weeks pregnancy. Both Test 1. Positive.
ovaries removed.

40. 25 weecks pregnancy. Both Test 1, Positive.

- ovaries removed. Qesirin in excess.

41. 32 weeks pregnancy. Both Positive.
ovaries removed at
operation.

42. 18 weeks pregnanaoy. Positive. Bleeding stopped.
Bleeding. ? hydatidiform No excess of P.H.S. heard.
mole. oestrin. :

43. Urine received 24 hours Test 1. lioce died.
after evacuation of Test 2. ”

Hydatidiform Mole. Test 3. Strongly
posit ive.

44. Uterus 12 weeks. 7 missed Test 1. Mice died. | misced abortion
abortion.’ Test 2. Negative. | evaguated later.

e Qestrin present.

46. Uterus 12 weeks. ? missed Test 1. lice died. | missed abortion
abortion. Test 2. Negative. evacuated later.

Oestrin present.

'46. Uterus 18 weeks with Test 1. Mice died. | At operation:

abdominal tymour. Test 2. Positive. pregnancy with
ovarian oystaden<
_oma. :

47. Age 50. Amenorrhoes. Negative. Fibroid Uterus.
Uterus enlarged. Prolan A present. lMenopause.

48. Age 51. Uterus 28 weecks. Test 1. Negative. Fibromyoma Uteri.

Test 2. Negat ive.
49. Midline abdom: swelling. Negative. Dermoid oyst of
’ ovary.

50. Amenorrhoea 6 months. Hegative. Carneous mole
Uterus 10 weeks in size evacuated.
and retroverted. :

51. 12 weeks pregnancy. Test 1. Positive.

N . Positive.
" 3. Positive.
! 4. Positive.




Oliniocal History.

) Zesult of Test.

Remarks.

1

o2. 7 monthe amenorrhoea. Hegativo.' Juretiings shewed
? missed abortion. Small amount of no evidence of
ocetrin. pregnangy.
53. dge 48. Amenorrhoea Negative. Disgnosed as
followed by bleeding. menopausel
haemorrhage.
54. Age 42. Bleeding following | Negative. Bilateral oystio
8 weeks amenorrhoes. - ovaries.
856. 12 woekis amenorrhoen Poeitive. F.H.8. heard
separuted from husband. " subsequently.
56. 20 woeks pregnancy. Test 1. Mige died. Henstruated
Bleeding. "~ 2. Poeitive. regularly up
: Oestrin not in to 32nd. weeok |
oxoess. of pregnsnoy. |
’ 1
5. Pelvio sbscess. ? following | Test 1. Mige died. | No olinicsl |
attempts to produce " 2. Negative. -evidense of
abortion. RIoinanoy. :
88. Uterus 12 weeks. ? carneous | Test 1. Negative. Carneous mole
mole. " 8. Hegative. | evacuated.
" 3. Negative. Section shewed
Execss Oestrin snd | living villd.
Prolan 4 present.
59. 4 weeks after removing Negative. Mo clinical
mole to exclude chorion ‘evidence of
epitheliams. ghorion epithel-
“ioms.
60. 8 weeks after removing Hegative. "
mole. ‘
8l. 7 weeks smenorrhoes. Hegative. Eenstruation
regommensed.
62. Abdominsl Tumour. Hegative. Uniloocular
‘Ovsrian Oyst. i
63. 40 weeks prégnanoy. liloe died.
In labour.
64. Tubal Mole. Urine Negsative. Yo sotive villi
regoived immediately found in /
—l 8fter operation. sesgtion.
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No. Clinical History. Result of Test. Remarks.
65. Bleeding p.v. Hegative. Pelvic Infection
found at
Operation.
686. 5 weeks amenorrhoea Hegative. Tubal lole
followed by bleeding found at
and abd. pain. subseguent
operation.
67. | 6 weeks amenorrhoes. { Test 1. Negative. Ienstruation
: Test 2. Negutive. recommenced
1 i later.
68. 24 weeks pregnancy. | lice died. F.HeS. heard
' ? foetal death. E before the test
! was repesated.
|
69.  large abdominal tumour. | Test 1. Mice dlied. Ovarian Cyst
; L Test 2. Negutive, at operation.
| {
70. - 6 weeks smenorrhoea. | Test 1. Mice died.
| | " 2. Llioe \11“0
- | " 3. Mice dled.
71, fhbdominal Tumour. legative. Fibromyomata
5 Uteri.
2. | One miesed period Negaiive. Incomplete
- foliowed by bleeding. abortion at
5 operation,
73. | No amenorrhoea. Hegutive. Left Tubal l'ole.
| Secretion in breasts.
| Tubal swelling.
4. |16 weeks smenorrhoea but Test 1. liice died. "Reported with
' bleeding vaginally. " 2. Positive. normal 36 weeks
) " 3, lige died. Pregnsmoy, _
75, ‘40 weeks pregnancy. Positive.
76. 40 weeks pregnancy. In Positive.
lst. stage of labour. gestrin in
8xX0ess.,
™. | 10 week® amenorrhoee. Test 1. Positive. Five months later
Uterus enlarged. " 2. Positive. reported with

Appendage swelling.

normal preynancy.
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bleeding.

Ne. _ Clinical History. Result of Test. Remark 8. X
78. 36 weeks amenorrhoes. Mice died. liissed abortio
- 10 weeks uterus. evacuated.
79. 4 weeks amenorrhoea. Test 1. Positive. Reported
16 weeke uterus. ! 2. Yoslitive. subsecuent ly asl
? Hydatidiform ilole. " 3. Yositive. Normal |
' 4. Yositive. pregnancy.
Mo eviuence of
Jyiatidiform mole. 1
80, | 6 wecks smenorrhoea. Mice died. sborted 1 week ||
Uterus bulky. sppendage iteported lNegative. later. ;
swelling. 1
81. Appendage swelling, and LYositive. Tubal lole.
bleed ing peve lNo segtion cut.
8z2. Midline abdominal tumour. Negative. Caroinoha of
oveary.
83, 8 weeks amenorrhoea legative. Cystlie ovary. i
followed by bleeding.
Appendage swelling.
84. Normal 18 weeks pregnancy. Test 1, rositive. :
" 2. Positive.
" 3. Positive.
' 4. Positive.
* 5. rositive.
" 6. fositlive.
" T. fositive.
8. Fositive.

85. 8 weeks amenorrhoea. Reported trositive. Not pregnant.
lenstruation
recommenced aftex
o monihs. N

86. Normal 20 week8 pregnsncy. Test l. LFositive,

i . Positive.
3. ‘ositive.
- 4, Positive. _{
87. «ge 43. uterus 26 we ks. sositive. luceruted roetus
No growth in 1l& weeks. No exgess of passed two weuks
? Pregnant. 7 Foetal oestrin. later.
deat h.
88. Amenorrhoea followed by Negative. Follicular cysts {

of ovarles.




No. Glinicul History. Result of Test. Lemarks.

89. 8 weoks amenorrhoea Test 1. Pocitive. “bortion 2 weeks
with repeated losses ' 2. Positive. later but
vaginally. No emcess of interference wus

oastrin. suspected.

90. Fibroid uterus. Positive. Definite signs
? Pregnant too. of pregnancy

4 wecks later.

91. Two 2bdominel ewellings. Positive.Test 1. 18 weeks

Positive.Test 2. pregnaney with a
5 parovarian oyst.
|
| 92, Urine received 72 hours Test l. Mice died.
} after pessing " 2. Positive.
j hydatidiform mole,
? 93. 10 wceks amenorrhoea lice died. Fatient aborted
f followed by bleeding. ‘before the test
i could be repeate
} 94. Bleeding for 6 months Negative. NHo villi found f
; after confinememt. in curettlings.
! ? Placental Polyp.
95. 10 weeks umenorrhoea. Positive. Diagnosis
confirmed.
| 96. 8 weeks8 smenorrhoea. fositive. Yiagnosis
j lignstruation always confirmed.
3 irregular.
L 97. ? Rotopic Pregnanay. Negative. Tubal Mole at
} Operation.
: 98. 6 weeks smenorrhoes. Yositive. Pdisgnosis
} coniirmed.
r
- 99. 9 weeks amenorrhoea.
E Retroverted uterus sand Positive. Confirmed
5 no physiesl signs of subsequently.
Pregnangy.
E
100. Vomiting. Uterus Positive. Confirmed

retroverted and fixed.

subsccuently.
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Clinicsl History. - -

No.- Result of Test. RemarkSe
101. 7 w eks umenorrhoea. Positive. Physicual signs
of pregnanagy
at subsecuent
examination.,
102. Age 32. Irregular Nepative. Patient
menstruation. 12 wecks ' recommenced to
amenorrhoesa, menstruate.
103. 22 weeks pregnsney with Positive,
pyeditis.
104. Definite 16 week® pregnancyy Positive.
105, Metrostaxis 9:;months after Pogitive. Hysterectomy

passing a hydatidiforn
mole. ¥ chorion epithel-
ioma.

Negative in
dilutions more
than 1 in 3.

revealed the
presence of «
submucous polyp.
Mioroscopically
this shewed
hydatidiform molej
but no definite
evidence of
chorion epithel-
ioma.
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It will thus be seen that a summary of these results

shows :

Total lo.| Positive | Negative | No result
of Tests | finding Finding

- 148 77 83 18

The fact that in 18 tests no result was obtained
because the mice died, needs explanation, This, as well as
the high mortality occurring in later experiments, was due
partly to the fact that at one time no precautions were
taken for the preservation of the urine, and partly because
only three mice were used for each test. Although no result
was obtained in 18 tests, yet out of the 105 urines examined
there were only five in which no diagnosis was returned.

O0f these, there were four on which only one test was performed,
a repeat being made unnecessary by subsequent events, In one
case only (No.70), did I fail completely, in spite of all

modifications, to obtain a result,

In addition to the above series of tests carried out
in the diagnosis of pregnancy, a large number of urines were
examined with a view to determining whether any of the
hormones’' concerned were excreted in the presence of other
conditions, 75'tosts on urines from women patients were
performed ¢ 60 gave a negative reaction and in 15 the mice

died. 87 tests were carried out on urines from male
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patients ¢
4 the animals died.

23 gave a negative test for pregnancy, and in
The tabulated results, according to

the e¢linical dlagnoses of the patients, are given below.

In stating that all these urines gave a negative

pregnancy test, I do not infer that there was always a

complete absence of hormoness.

Prolen A was found in many,

but in none was any evidence of Prolan B, the specific

hormone for pregnancy, found.
[ MALES FRMALES
Disease Wegative egative
Result |No result| Result |No result
Malignant Disease of
Genitalia 3 3 17 7
Malignant Disease of
other organs 9 2 : S5
After Bilateral oophor- i
ectomy j 22 b N
Addison's disease 3 i
Diabetes Insipidus 1
i
Exophthalmic Goitre 1l { 2
Parenochymatous Goitre 1l !
After Partial Thyroid- 6 I § 7 1
eotomy {
4
Menopeuse | 3 1
Acromegaly p A !
Fibromyomata Uteri l 1
Follicular Cysts of
Ovaries : X
Total 23 G 60 15
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Thus taking the two series together, the results obtained

were -
Number of | Positive | Negative | No Result
Teats Reaction Reaotion
250 77 136 37
|
|

An incorrect diagnosls of pregnancy was given in
two instances, namely Cases No.80 and No.85. The negative
reactions reported in some cases of carneous mole, dead
foetus, and tubal mole, are not regarded as fallacles, sinoce
it has already been stated that the test is one for living
chorionic villi, and not one for pregnancye. Since in
213 tests a result was obtained, the percentage error was
0e94 per cent. This figure is very low, and is in
agreement with the statement of Ettinger and his oo-workera66
who, in April 1931, collected results of 4,000 tests
reported by various workers, and found that the percentage

errors were less than 2.0 per cent.

The following are the details of the two cases in
which an error was made :
Age 3l.

Case Noe80e EeMede Vomiting and vaginal bleeding.

Cervix firm. VUterus slze of € weeks pregnancy.

R. appendage swelling % oystic ovary.

Regult of Tests.

no mouse recelved more than four injections.

The urine was toxic, and

The last two mice died 72 hours after the first

injection.



Findings. Doubtiul uterine enlargement.
Ovaries (microscopically) shewed early
follicular ripening but no definite
luteinization.

There was a shortage of mice at the time, otherwise the test
would have been repeated.

After History. Patient aborted one week later.

Case Noe85e BeCe In hospital for treatment of rheumatoid
arthritis,
Amehorrhooa for 8 weeks., No symptoms of
pregnancy.,
Results of Test. 4 mioce received 5 injections,
2 died, and 2 were killed at 96 hours after
the first injection.
The veginae were olosed, but the uteri were
definitely enlarged., The ovaries appeared
to be enlarged and naked eye appearances
sugzested the presence of corpora luteas.
There were no haemorrhages.
Stnce a result was required urgently, a positive diagnosis
was given. Subsequently the pvaries were sectioned, and,
although there was follicular ripening, no corpora lutea
(the only diagnostic sign) were seen.
After Historys, Patlent commenced to menstruate

after 5 months amenorrhoeas.
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In the first case, no opinion should have been given
without a repeat test, while the second case merely illustrates
the danger of attempting to be certain of the presence of
corpora lutea in the ovaries without a microscopical
examinatione In both instances, therefore, the fault lay in
the technique which was used. This admission merely
emphasizes the reliability of the Aschheim Bondek reaction as

a test for the presence of chorionic elements, As further

evidence on this point, I quotc six cases in detail.

Case Noe48 M,MoS. Aet.5l.

Clinical Features. Complaining of an abdominal swelling.
Amenorrhoea for 28 weeks, accompanied by
menopausal symptoms,

Phaysical Siegns « Smooth, regular, midline swelling size of
& 28 weeks pregnancy, arising out of the pelvis,

The patlient was diagnosed as an ovarian cyst, and was operated

one At the operation, the uterus was found to be regularly

enlarged, smooth, and cystic, with areas of hardness resembling
foetal parts. Since the uterine enlargement corresponded
exactly with the perlod of amenorrhoea, the abdomen was

closed without interferences As a matter of interest am

Aschheim Zondek test was performed and a negative result was

obtained, At this, an Xaray photograph was taken, but

failed to show foetal parts. The urinary test was repeated,

and onoe more was negatives.

The abdomen was then opened for the second time, and

a uterus, full of degenerating fibromyomata, was removed.



Cases No. 81 and 82.

The urines from both these cases were handed in at the
same time, The first patient was said to have an appendage
swelling which weas probably due to pelvie infection, the
second was said to have a midline abdominal tumour which was
probably a pregnancy. I tested both urines and reported
that the first gave a positive reaction, while the second was

negative,

After Histories. Both patients were operated on, and the
first had nct a pelvie infection, but an ectopie pregnancy,
while the second had a carcinoma of the ovary, but no

evidence of pregnancy.

Case Nogel4d, Mrs.G.
Clinical Features. The patient was definitely pregnant,
but the olinician suspected foetal death.

Results of Test. Test l. Negative

Test 2, Negative
A report was given saying that, providing a diagnosis of
pregnancy was certain, then mot only the foetus, but the
placenta also, was dead.
After History. Bougle induotion resulted in the passage

of a very much macerated foetus.

Cases Noe30 and Sle Mrs.He
Clinical Features. Amenorrhoea for 10 weeks, Bleeding
vaginally. Uterus 17-18 weeks in size.
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Test (Noe30)s Stronsgly positive reaction.

After History. The uterus was evacuated of a Hydatidiform
moles It was feared that all the mole had not
been removed, so that, 12 days later, a further
specimen of urine was examined.

Test (No.3l)s Again a positive reaction was obtained.

Further History. Hysterectomy was performed, and

examination of the specimen revealed that
portions of the mole still remained attached
to the uterine wall,

The Occurrence of the Hormones in the Urine at Different
| Stages of Pregnangy

(1) At the commencement

Observers differ on the question as to how
early in pregnaency a positive reaction ocan be obtalned.

Allan and Diekens® reported a case in which a
positive dlagnosis of pregnancy was made 9 days after
the woman had missed a period. Aaohhoim;s, end
zondek*8® found that the urine from women in whom a
period was 4 to 5 days overdue, contained all three
hormones, whereas Magrath and Randa11119 obtained
positive tests between 18 and 21 days after coitus.

60 claimed to have

Recently Eberson and Silverberg
detected miecroscopical changes in the mice ovaries, when

the animals wewe injected with urine from women who had
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had normal menstrual perilods 12 toc 17 days previously.
Presuming that fertilizetion occurred about the tenth day
after menstruation, this wuld mean that the embryo was
only 2 to 7 days old at the times It seems unlikely
that a positive result should be obtained so early, and
these workers admit that the only changes produced in
the mice were microscopic evidences of early follicular
activity. However, the same observers obtained a
typical reaction when menstruation was only one day
overduee.

StowartM4

found that the urine collected 5 days
before a missed period, produced oestrus in the mouse,

but no definite ovarian changes : follicular haemorrhagoa
were produced five days after a missed period. He

points out that there is a gradual transition, and the
amount of hormones present in the urine, increases
gradually.

In the present series of experiments, no urines
were obtained from patients who had not missed at least
one period, Some of the earliest pregnanclies examined
were those of ectopie pregnanceies in which the condition
had progressed for at least three weeks. It is, for
obvious reasons, difficult to obtain a specimen of urine
fram a pregnant woman, prior to her missing a period.

It is, therefore, impossible to give the exaoct
period of pregnancy at whiech hormones appear in the

urine since @
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(a) Their appearance iz a gradual process

(b) The exact date of conception in never known

(@) There are probably individual variations

The bulk of evldence shows, however, that the

reaction is definitely positive, just about, or
immediately after, the time that the next period is
dues Thus, for all practical purposes, the test is
of value as soon as pregnancy is ever suspected

clinically.

Duping the ocourse of the Pregnancy
From the first month to the temmination of

pregnancy the urine rarely, if ever, fails to contain
Prolan A, Prolan B and Oestrin, However, Wiecnert’o
has recently recorded a case in whioh the hormones did
not appear in the urine until the seventh month of
pregnancys Aschheim and ZOndek;s have shewn that
during the early stages, while the placenta is most
active, there is a relative excess of Prolan A and
Prolan B over oestrin, while at term there is more
oestrin than pitultary hormones present. It 1s
interesting to note that Fanz and Gﬁmlt"1 have pointed
out that the diminution in the amount of pitultary
hormonas in the latter half of pregnancy, ocorresponds in
time to the gradual disappearance of Langhan's cells of
the villi. Again, they say that the syncytium only
becomes well established by the third month, but
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continues its development throughout pregnancy : this
inoreasing activity coincides exactly with the cdestrin

CuIVee

(111) During Parturition

I tested the urine from patients in the first
stage of labours Corpora hasmorrhagica were rarely
seen, bul a positive result was always obtalned.
Howevar, the effects due to oestrin were more notioceable

in the mice, than those due to the pitultary hormones.

(iv) In the Puerperium or After Abortion

Every observer agrees that the hormones rapidly
disappear from the urine as soon as the pregnancy is
terminateds Aschheim and Zondek.l3 stated that bvoth

- oestrin and the pituitary hormones, gradually decrease
in amount, and finally disappear about the elghth day
of the puerperium. Stewarti®4 nhowever, reported that
at 34 hours after the termination of pregnancy, only
oestrin remains, while no hormones at all are present in
the urine 10 hours later. Megrath and Randal111? founa
that the urine gave a negative reaction ¢ days after
parturition, In our series, urine was received from
two cases of ectoplc pregnancy, 24 hours and 48 hours
after salpingectomy had been performed : a positive
reaction resulted in both instances, It has also been

found that in all cases after labour, oestrin tends to
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persist in the urine for & much longer period than
Prolan A and rrolan De

One case was investigated in order to deternine
the exact end point as nearly as possible., This patient
had an abdominal hysterectoany and evacuation of the
uterus performed at the 16th week of pregnancy. It waa,
therefore, certain that all the contents of the uterus
had been removed, and the exact hour of the operation
was kKnowne Eight-hourly speclmens of urine were
collected, and all oestrin was removed by repeated
extraction with ether. Its absence was conlirmed by

testing on ovarleoctomised mioce,

sults

Up %o 28 hours : A typical positive reaction occurred.

From 28 %o 60 hours : Follicular ripening and early
luteinization was seen in microccopio-
al sectlons of the ovaries.

From 60 to 200 howrs: There wae no evidence of Prolan B,
but Prolen A effects were seen.

After 200 hours @ No effects were produced in the
genitalia,

Prolan A, therefore, persists for a longer time than
Prolan B, end cestrin is found in the urine after both

of these hormones have disappeared,

It would seem that the length of time for which

the hormones remain in the urine depends on their



7 -

soncentretion in the body previous to the termination

of the pregnancye A% the end of pregnancy there is a
relative excess of oestrin, hence this hormone persists
for a longer period than the hypophyseal hormones. Again
in one case of hydatidiform mole a strongly positive

test was obtained three days after gomplete evacuation
of tlhie uterus. Fanz and Gault report a similar finding.
The hormones are known to occur in greater amounts in
such conditions of chorionie hyperactivity. Moreover,

in case No«.7, in which an exoess of oestrin was found

in the urine prior to the passage of a macerated foetus,
oestrin was still present in the urine 1l days arfter

delivery.

From this, I oconclude that although Prolan A is
present in the urine up to 200 hours after the removal
of a 16 weeks pregnancy, yet it may not persist for that
period of time after & normal confinement? this
statement i3 made in view ol the fact that more pitultary
hormones are found at the 16th wesk of pregnancy than in
its later stage. w1eaner1?5 produced further evidence
in favour of this when he stated that ¢ positive
reaction wag obtained with a urins received from a

patient ninc days aftor an abortion.
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Fig.15. DOvary of mouse from test No.58 : this shews follicu-t 4
ripening due to the presence of Prolan A in the inject
urine. x 50.

Fig.16.

Section of the carneous mole obtained from case NO*
This shews the presence of one large active villu®
which wee no doubt responsible for the presence ©
Prolsn A in the urine. x 55.

58
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The Aschheim-Zondek Reaction in Pathologicel Conditions

asgoeliated with Pregnangy

Missed Abortion and Carneous lMole
caﬂeﬂ NO. 34' 44, 45' 50, 58’ 78.

Urines from six cases of missed abortion were
exanined. Four of thaese gave a negotive reaction although
three oontained,traéea of oestrin. The moles from these
patients all shewed degenerate villl in miorosocopilcel
sectionss 1In case No.58, again a negative result wes
obtained, but the urine contained considerable emounts of
Prolan A (see Fig.,15). Mioroscopical exsmination of two
different seotions resulted in the finding of only one lerge
villus ¢ this appeared to be active and the cells were
proliferating (Figel6) : it is diffiocult Vo understand why
this did not produce a Prolan B effect t00. It is of
interest o note that this patient had had a hydatidiform
mole some years previously. In view of this fact, further
gpecimens of urine were examined at monthly intervals, but
immediately after evacuation of the mole, the rrolan A
disappeared from the urine, and no hermones were found
subsequentlys In the sixth case, the mice died and no

result was obtained,

The occurrence of traces of oestrin in the urine is

due, I bolieve, to the fact thet efier every abortion or
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delivery, this hormone is the lest to disappear fram the
urines This is born out by the faet that in Case NO.34,
when the foetus had only been decad about five weeks, the
pituitary hormones had alrcady gone fram the urine, but
cestrin still remained in large quantities « much more
than in those oose:s where & true ocarneous role had had time

to form,

The faet that a negative rcection is obtained in
these ocases is not a disadvantags, but rather enhances the
value of the tests It is usuelly poseible to decide
clinically whaother the patient is pregnant, but it is much
more diffieult at one exemination alone, to say that the
pregnancy has ceased to progress, In those cases a negative
reaction makes the diagnosis certain, whereas a positive
result means that the placenta is still alive in part at

least, but does not necessarily infer that the pregnency is

progressing,

II. Incomplete Abortion
Cases No.25 and 72.
Only two ocases of definite incamplete abortion appear

in this series. The first (No.72) gave a negative reaction,
and no oestrin remained in the urine : sections ol the
curettings showed villi which were all degenerate. In the
seoond ocase (No.25), the whole placenta was retaineds Urine

received on the 12th day after expulsion of the foetus, still
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cave 2 positive reaction, shewing how intimate is the
relation between the presence of placental tissue and a
positive result. The placenta was not obtained for seoction !
this was unfortunate sinee 1% would have been more convineing
to have been able to demonstrate villi whioh were still
healthy.

IIXI. Egtoplc Pregnency
Cases 1, 26, 35, 81, 38, 37, 64, 66, 73, 9%.

Urines {ruan ten cases cf tubcl pregnancy were
exeminede In four of these a positive reaction was obtained
in She remaining six the test was negative. The histories
and operative findings of all those cases which gave a
negative test, shewed them %o be tubal moles which had
probably been dead some cousilderable time, Of these six
moles, three were secured for mioroscopic examination : in
one no villi were found, in the others villl were present, but
stalned feintly, and were obviously dead. 0f the four
urines which gave a positive test, two were from cases of
tubal rupture requiring emergency operations : these urines
were received 48 hours and 24 hours after operation respective.
ly. Sections of these pregnancies ahewed aotive villi
present., The remaining two were cases of tubal mole with a
comparatively short history : neither specimens were obtained
for examination, but in view of the positive reactions, one

must presume that there must have been same villi still alive,
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Pyelitis of Pregnancy
Case 103e

Only one case of this disease was examined. In
spite of the urinary infection the urine was no more toxiec
than the average specimen, There was no difference in the
effects produced in this ocase from those obtained in cases

of normal pregnancy.

Toxaemias of Pregnancy
(a) Hyperemesis Gravidarum. Cases No.7{andif0.

Urines fram both the patients gave positive reactions,
and neither was more toxic than urine fram patients
with mormal pregnancies,
5 and 386
(b) Pre-eclampsia. Cases No.E and .
Here again the urines showed no increased toxicity,

and both produced normal reactions.

Mauriaolz4 has recently suggested that the hormones
circulating in the blood‘during pregnancy are important
factors in the aetiology of the toxaemias of early pregnanocy.
If this were true one might possibly expect scme difference
in the effeots produced by injecting urines from such ocases.
One can only say that the only difference noted was that the
reactions were strongly positive in the two cases of
hyperemesis. This may have some bearing on the aetiology
of pernicious vomiting, but it seems more likely that this
effect was due to the fact that the patlents were secreting

less, but more concentrated, urine.
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Vi, tidifo
De Snoo®* , Asohheim!® , and Phi11pplSS | were

the first to report that cases of hydatidiform mole gave

a positive recaction. Since that time, numbrous reports
have been given, and it is generally acknowledged that

the effeots produced are more pronounced than those found
in normel pregnency. Nilrnberger+2® shewed that in normal
pregnancy the urine mever contained more than 50,000 MU
of pituitary hormones per litre. whereas in hydatidifomm
mole and chorion~epithelioma 200,000 MU of these

hormones per litre had been demonstrated. Yozzalvo

also
reported the presence of 100,000 MeU per litre in cases of
vesloular moles Considering that the test is one far
chorionic activity, these results are to be expected,

Three cases of hydatidiform mole are included in our

series of tests, The first (Case N0.30) gave a very
positive reaction, there being at least six haemorrhages in
each ovary. In the second case (No.92), the urine was

not received until 72 hours after the evacuation of the
mole ¢ even at that time, a positive result was obtained
with urine diluted to half strength. The urine from

case N0.43 was very toxie, but a positive test was obtainéd
in a mouse whioch only received three injections, and which
died 54 hours after commencing the test, This would not
have occurred if ‘the urine had been obtained fram a normsal

pregnancy, and is strong evidence of the concentration of

the hormones. Two urines were sent from patients
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suspected of having hydatidiform mole (Nos.42 and 79)s 1In
neither case did urine which was diluted more than one in
three, give a positive test, and a report was given saying
there was no evidence of mole formation. In both instances

the foetal heart sounds were heard subsequently.

In order to diagnose a hydatidiform mole it seems
that a positive test must be given by urine diluted at

least one in five.

Urines obtained from these cases were very much
more toxie than normal urine : of 37 mice injected, only

15 survived to the end of 100 hourss

This test has now become valuable as an indication
as to whether, after evacuation of the uterus, any of the
chorionic elements have been left in utero. After a
complete evacuation I have obtained a positive reaction
three days later : after an incomplete evacuation the
urine contained the hormones 12 days later (Base No.3l).
Stewartl°4 found that the urine gave a negative reaction
5 days after complete removael of the mole, but Vozzal70
and Reebl4l say that a positive test can be obtained from
14 to 25 days after emptying the uterus. This figure
seems to be too high, and such results would lead one to

suspect that all of the mole had not been removed,

VII. Chorion Epithelioma

In practically every medical publication one now
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finds reference to the possibility of obtaining a positive
40 170
test in ocases of chorion epithelioma. Raiazl y Vozza

Ehrhardat®?, Reeb ! and Ginglinger®® are only a few of

the workers who have described this phenomenone

The hormones are usually present in thé urine in

61 shewed

greater quantity than in pregnanecy. Ehrhardt
that urine diluted ten times gave a positive reaction,
while Reebl41 found the hormones present in X0 to 300

times the usual amount.

Not only is the test reliable in this disease, but
it is now recognised as being a much safer, and more
efficient, diagnostic procedure than curettage : oases
1llustrating this point have been described by Vozzal”C ,
In addition, all workers have emphasized i1ts value in
prognosls ¢ it has been found that if the hormones
persist in the urine after operation, then either the
growth has been incompletely removed, or there are
secondaries present in the body. Moreover, if the
hormones disappear from the urine, their reappearance is

the first sign of a recurrence of the tumour,

The fact that there is an excess of Prolan B in the
body fluids in cases of hydatidiform mole and chorion=-
epithelioma, led Asohheim;s to suggest that this hormone
is responsible for the production of true lutein oysts in
the ovaries, These oysts have long been known to be

15
intinately associated with such conditions, and Aschheim
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has now supplied the explanatioh.

VIII. Foetal Death and Threatened Abortion

These conditions are grouped together since it has
been found that both tend to produce a similar type of
reaction. Vhen the Aschheim-Zondek test was flrst
Introduced, it was hoped that 1t would be of help in the
disgnosis of foetal deathe It falled completely, and it
is now known that 1t will diagnose death of the placenta,
but not death of the foetus alone. Case No.,l4 was an
exception to the usual findings, and in this ocase death
of the foetus was diagnosed because the placenta was dead
too.

Recently, however, Eberson and Silverberg°° state
that they find a different miocroscopical picture of the
mice ovaries in those cases in which the foetus has died
in utero, They say "that detection of the death of the
foetus is possible notwithstanding the faet that positive
signs in rats examined post mortem may be seen es late as
seven days after the death of the foetus in utero, The
microscopic picture in the corpora lutea is characteristioe
of retrograde changes, and is different from the typical
luteinization in these cells". It appears unlikely that
a certain specimen of urine will commence the formation of
corpora lutea, and yet that the same specimen will cause

retrograde cheliges to supervene., lMoreover, the



Fig.17. The Aschheim Zondek reaction obtained by the
injection of the urine of s woman who was about
to abort. There is enormous enlargement and
distension of the uterus due to a relative
excess of oestrin. The ovsries,although enlargeqd
shew no corpora haemorrhagioca. Y
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photographs in this article are unconvineing, and one
feels that such claims will only tend to bring a reliable,
buf limited test, into disrepute.

It is, therefore, with caution that one suggests
that the reaction obtained is cases of threatened abortion
and foetal death, are often different fraan those obtained
with urines of normal pregnancies. However, in many of
these cases, the test has shewn that an abnormelly large
amount of oestrin is present in the urine. This manifests
itself by produecing in the mice an enormously enlerged
and dilated uterus, filled with sworetion (Figel7). At
the same time, although there is samne luteinization present
in the ovaries, as well as an occasional haemorrhage, yet
the Prolan B effeot is not so noticeable as in normal
pregnanc ies. Aoting on these observations, it has been
possible on six occasions to forecast that the pregnancy
was about to terminate and that the foetus was probably
deads In all of these cases abortion ocourred soon
afterwards, or a mecerated foetus was evacuated prematurely.
In three other cases, urine was sent from patients in whom
foetal death was suspected : in all of these there was no
excess of oestrin, and this faet was reporteds In each

instance, the pregnency was afterwards stated to be
progressing normallye

It seems probable that this appearance of such large

quantities of oestrin is not, strictly speaking, related in
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any way to the death of the foetus, but is rather an
indication of an upset in the hormonic balance which is the
cause of, or occurs because of, a premature termination of
the pregnancy. Sinoce death of the foetus is, in most cases,
followed by its expulsion, the sign has sometimes been
regarded as rather suggestive of foetal death ¢ this, I feel

sure, is an incorrect point of view.

Following on this line of thought, urines from
patients in the first stage of labour were tested : in every

case exactly the same type of reaoction was produced.

It is not intended to put forward this observation
és an infallible test, since in many cases abortion may be
caused by conditions other than an upset in the endoorine
regulations Again, there is sonsiderable difficulty in
being accurate as to the amount of oestrin present : one
can only Judge by a ‘generesl impression's In one case of
death of the foetus, no excess of oestrin was noticed, while
one pregnancy which shewed an excess of the hormone

proceeded to term in a normal menner.

I quote one interesting case (N0.38, 39, 40 and 41).
This was a case of pregnancy in which both ovaries were
removed at the 16th week. 6 weeks after the operation a
rough estimate of the oestrin ocontent of the urine shewed
that 1t was about 1,000 MU per litre. Three weeks later,
it was over 2,000 M,U of oestrin per litre, and subsequent

events proved that the foetus died about that time,
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The Effect of Physical Agents on the liormonic Content of

the Urine

(1) Time

(11)

In view of the faot that some time may elapse
between the collection of a specimen of urine, and its
receipt at a pregnency diagnosis station, 1t is of import-
ance to know whether such delay results in a diminution of
its hormonic content. Bourgal found that a urine kept
as long as 10 to 15 days still gave a positive reactione
In case Noe3l, urine received from a patient with a
hydatidiform mole, was kept 85 days, in a coloured glass
vessel, and at a temperature of -4° C. The o loured glass
container was used becuause ultra violet light rays are saild
to destroy the hormones. At the end of that time, the
effeots produced by its injection into mice differed
in no way from those obtained when the urine was first
teated,

Filtration
It has been often stated that the hormones are
readily adsorbed on to a filter paper. Allen and Dpisyv
found that oestrin extracts lost their potency 1f they
were filtered three times., 1In many cases treatment of the
urine which may involve filtration, 1s desirable ; it was
therefore determined to see what effects filtration had.

In each case a Whatman Filter Paper No.l was used.
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e ts ¢

(a) Filtered once.

(v) " twioe

(o) " three times
(a) " four times
(e) " five times

Normal. positive reaction with
haemorrhagese.

Positive reaction. No haemorrhages,

" " " "

Oestrin present, and traces of
Prolan A and Prolan B,

Oegstrin present in small amounts.
No evidence of pituitary hormones.

There appears to be no doubt therefore that filtration

tends to remove the hormones ; but oestrin is less affeocted

by the process than Prolan A and Prolan B However,

since five separate filtrations are required to remove the

greater part of the hormones, it seems permissible to

filter a specimen of urine once, if occasion should demand

it.

(111) Heat

Prolan A and Prolan B are known to be readily

destroyed by heat : Wiesner:74 and Murata and Adachil®?
found that rho 1 is totally destroyed by boiling for one

minute, and that rho 2 can only survive at that temperature

for a slightly longer perliod of tinme, Qestrin is

thermostabile.

The urine from a woman who was 20 weeks pregnant

was repeatedly extracted with ether until all the follicular

hormone was removed. Different portions were then heated

to different temperatures, and maintained at their respective

temperatures for a period of five minutes. On testins
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these fractions the following results were obtained :

Heating to 30°C

" " 4000
" " 5000
" " 60°C
" " 7000

Normal positive reaction

" i

Prolan A present.

Prolan A present,

Prolan B in small
quantities,

Prolan B in small
quantities.

No hormones present.

(iv) Dilution with Distilled Water
In the diagnosis of Hydatidiform mole, and chorion

epithelioma, it is often essential to dilute the urine,

and to demonstrate that a positive reaction cm be obtained

in greater dilutions than is possible with the urine from

a normal pregnancy.

For this reason it was decided to

investigate what dilutions of a normal pregnancy urine

would contain demonstrable quantities of Prolan A and

Prolan B,

urine from a woman 20 weeks pregnant :

Effects

4+ strength

Dilution
(a) 1 ¢ 2
(b1 : 2 4 o
()1 ¢t 4 % n
()1 : 6 .
(e) 1 : 8 5 "

o haemorrhages.
" L
L "
" "
" "

The following results were obtained with the

Prolan A and
Prolen B present,

Prolan A present ;
Prolan B in small
amounts.

Prolan A present ;
No evidence of
Prolan B,

? small amounts of
Prolan A ; no
evidence of
Prolan B,

No evidence of emy
hormones present.
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gestrus was produced in the animal in all
experiments j; in the larger dilutions this was due entirely
to oestrin, No macroscopic ovarian responses occurred if
the urine was less than one third strength, although
Prolan A effects were seen microscopically when the urine
was diluted to one fourth strengthe It may be assumed,
therefore, that if typical ovarian responses are obtained
with urine diluted as mush as one fifth, the presence of

abnormally over active chorionic villi should be diagnosed.

The difficulties and disadvantages of the Aschheim-Zondek

Test

Iime
Five days at least must elapse from the time a
specimen of urine is reoceived until a diagnosis can be made.

This dela& reduces considerably the value of the test,.

However, it may be overcome by one of many modifications of

technique :

(a) Sacerifice one of the mice as soon as its vaginal smear
is characteristic of oestrus, By this means it 1is
possible, at times, to reach a oonclusion on the 4th day @
in these instances only a positive reaction is acocepted.
Ettinger, Smith and McHenry®® also record the possibility
of giving a positive dlagnosis for pregnancy on the

4th day.

(v) Concentration of the urine : ZondeX*’8 was the first

to devise a means of obtaining the hormones in greeter
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concentrat ion. S3ince this method has been adopted in
many oi' the later experimenvs, it will be described in
detail,

60 ec. of urine is slightly acidified with one
drop of glaocial acetic acid, It is then shaken up with
240 o0, of 96 per cents aloohol, and the mixture is allowed
to stand for 24 hours,. A Tlocculent yellowish grey
precipitate forms, and the supernatant rluid ocan be
decanted of;. Uecasionally it is necessary to centrifuge
in order to obtain the residue. This precipitate is now
shaken up with 20 to 30 coe of ether for 5 to 10 minutes.
The ether is poured off, the last traces being removed by
centrifuging, or evaporation at 30°C. 12 ¢c. of distilled
water is added to the precipitate, and the whole is well
shaken. Separation is again effected, and the watery
extract is used for injection into mice, This method
serves to concentrate the hormones five times, If one is
adopting this procedure in order to reach a speedy
diagnosis, 1lnstead of leaving for 24 hours after the
addition of the alcohol, the precipitate is separated from
the supernatant fluid by centrifuging at the end of one

half«hour,
In testing such extracts, Zondek recommended that

the mice should receive six injections of 0.3 o6ces within
48 hours ¢ in this series of experiments five doses of
0¢5 00e Were always glven,

In the first place Zondek desoribed this procedure

for the purpose of demonstrating small emounts of Pralan A



Fig.18.

llouse ovary shewing the typiesl ovaerian respo
produced by the injection of pregnency urine
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had heen troated by the concentration process.
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ripening follicle.
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in the urine of non-pregnant patients. I have used it
for a similar purpose, but have also investlgated the effect.
of such treatment on urine received from cases of pregnancy.

It has been found thet ¢

(1) The final watery extract contains both hypophyseal
hormones and produces the typical changes in the
mice ovaries.(Fig.l8)s These effects are more
pronounced than those obtained by injecting
unconcentrated urine., The changes due to eestrin
are very slight sinoce most of this hormone is removed
by the treatment with ether, This loss is an
advantage rather than the reverse.

(11) The aleohol fraction, I have shewn to contain a
substance identical with Prolan A, and on injection
into animals produces follicular ripening and the onset
of oestrus. This does not necessarily infer the
presence of yet another hormone, but is probably due
to the faect that, since Prolan A is soluble in alcohol
all of this hormone is not thrown out of solution.

The exact nature of the precipitate is unknown, but

whatever it 1s,it seems likely that the Prolam A 1is

not an essential component ,but is merely adsorbed on
to it. This would explain why some of the Prolan A

at11l remains in the supernatant fluid. Collip® is
of this opinion,
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(111) If the ether fraction is evaporated down at a
temperature of 30=-40°C, under reduced pressure,
and the residue dissolved in water, it is easy to

demonstrate that oestrin is present in large amounts,

It is evident, therefore, that such treatment serves to
coacentrate both Prolan A and Prolan B Zondekl77 used it
in his pregnancy diagnosis tests, and thereby obtained
results in 51«57 hours after the first injeotion. IHowever,
a8 regative reaction under such conditions is of no significanocae
In the tests desoribed previously, speed was never
necessary, so that the accuraecy of the test was never
imperilled by an attempt to make an early diagnosis, However,
positive reactions were noticed on the third and fourth days
after the cammencement of injections, Eberson and
Silverborgeo using a sinilar method of concentration,
injected rats instead of mice, and claim to have obtained
positive reactions from 24 to 36 hours after the first

injection.

(6) A third method of obtaining a diagnosis quickly has been
deseribed by Friedman®® , This 1s really & modification of
the Aschheim-Zondek reaotion, but is now known as *Friedmen's
test®'y It consists in the use of adult segregated female
rabbits as test animals, instead of mice or rats, The
injeotions of urine are given intravenously in single doses of
5-15 eceo. A positive reaction is determined by the finding of

haenorrhagic follicles, or recent corpora lutea, in the ovaries
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I have had no experience of this test, but Friedman elaims to
have obtained positive results in 18 to 24 hours. Reinhart and
scott¥¥* anc Megrath and Randal1ll® have repeated his
experiments and have confirmed his statements with regard to
the speed, and acocuracy, of the methods WVorking on similar
lines Sohneider*C states that he was able to make &
positive diagnosis of pregnancy within 12 hours of the
commencement of lnjections.  However, Wiasner173 has
recently found that this test is not as reliable as reports
seen to indicate, and using the same specimen of urine he
obtained a positive reaction in mice although he failed to

do so in the rabbit.

II. Death of the Animals
0f all the adverse coriticism which has been levelled

against this test, the most justifiable seems to be that
occasionally the enimals die and no result is obtainede It
has been found that certain urines are toxie while others
are non toxie to the mices As %0 what substance in the
urine is the cause of its toxicity opinions are varied and
nothing definite is known. Vozzal®? observed that 11 per.
cent. of all animals injected died before the end of the
@appointed time. In this series of experiments a high animal
mortality was experienced, and approximately 30 per cent. of
test animals died before the conclusion of the tests, This
figure is high because

(1) The methods of keeping the urine were varied purposely
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in order %c note effeots ol diflferent procedures.
(i1) A large number of experiments were performed on
urines from cases of malignant disease. Such

urines are exceptionally toxic.

Although all attempts %o find the cause of the death of

the mice failed, certain interesting observations were

made,

() Once a urine is toxioc it tends to remain toxiec

In case No.38, 39, 40 and 41, specimens of urine
were received from the same patients at various times
over a period of four months. On every occasion the
urine was toxic and mno animal survived unless the
urine was first treated by a method to be desoribed

later.

(b} Relation of the toxieity of urine to its constituents.
(1) Albunin

It was suspected that the injections of proteins

nmight have rcsulted in an animal's death. Examination
of the urines failed to show any relation between the
presence of albumin and the death of the mice. Moreover,
in other experiments, injections of blood sera and
placental extracts, all containing large quantities

of protein, failed to affect the test animals adversely.

(11) Baotexia

Stewart“4

states that infected urines are more

toxic. No definite evidence of this was found, in fact
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on many oceasions, urines which contained large

numbers of pus cells and organisms, had no ill-effeots,
while perfeotly clear urines were very deadly. In case
N0.103 the urine was from a patient suffering from
pyelitis ¢ on this occasion no test animals died.
Again, in one instance while experimenting with rabbits,
one of the animals developed so scvere a cystitis that
its urine was almost 'solid' with pus and organisms,
and as a result of the infeotion the animal developed

a paraplegia. This urine was practically harmless

whereas normal rabbit urine is usually vexry toxio.

In spite of these facts, i{ would sppear that
organisms do at times play a part in causing the mioce
to sucounb? B8hne?? blames the bacillus coll in
particular,

elat f the (iolty of Urine to its Reagtio
The reaetions of 228 toxic urines were taken,

and the reports shewed @

Aold &
S51lightly Acid 8
Neutral &
Slightly Alkaline 4
Alkaline 2

These figures seem to indicate that there is no
association between the death of the animals and the

reaction of the urine, The greatest number of specimens
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wore 'slichtly aocid' : this is the finding if any

groupe o urines are tested.

() Relation of the Toxicity of Urine to the Disease of the
Patient.

In those cases of pregnancy from which urines

were examined, no pathologioal conditions such as
pre-sclanpsia, pyelitis, missed abortion, had ény
noticeable relationship to the animal mortality.
However, in testing the urines of patients, male and
female, suffering from malignant disease, it was found
that such urines were most fatal to the animesls,
Altogethor 61 mice were injeoted with non-treated
urine received fram such patients ¢ of these, no less
then 49 died before the completion of the test, and
usually after only 8 or 3 injectionss The mortality
rate was thus 80 per oent. No cause f{or this could
be found end one can only oconjecture that such urines
possibly contain products of tissue breakdown, or of

altered ocll metabvolism,

It is of interest to note that many observers
have found that the urines from cascs of hydatidifornm
mole and chorion epithelioms are more toxic than those
of normal pregnancye I found this to be true with
respect to the former but had no opportunity of examining

urine from a cese of chorion épitheliama.
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Post mortem examination of the animals which died
revealed no evidence to help in the solution of this problem.
The skin over the sites of injectlon was usually thickened,
hard, and indurated, but apart from this there was no

obvious pathology.

Although so far it has heen assumed that there is
only one factor concerned in this question, yet 1t 1is
pogsible that there is more than one conéition, or
oonstituent of the urine, which is able to have this

untoward effect on the test animals.

Methods for obteining a result when a urine is toxie

One of many alternative procedures may be adopted,

(1) Change of Test Animal
Bourgal while using rats had only 2 deaths

among 120 experimental animals. Eberson and Silverber36°
¢laim to have had no mortality while using the same
species of animals, Rabbits, too, are more resistant
to this toxic action of urine, and the adherends of
fFriedman's Test' point this out as one of the
advantages of that technigue.

(11) The Use of Blood Serum

On occasion it may be possible to substitute

blood serum for urines This procedure robs the test of
some of its simplieity, but may be of great help.
Sidda11155 first shewed that the pituitary hormones
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could be demonstrated in the blood during pregnancy. In
one case only have I used serum, and in this & typical
positive reaction resulted ¢ the mice ovaries shewed

corpora haemorrhagica and corpora luteds

Detoxication of the Urine

The methods for detoxiceating the urine are
mostly empirical since no one knows what toxie substance
is to be removed or destroyeds

(a) Treatment with Lther

In many of the experiments, the urine was
rendered inmocuous by shaking for 5«10 minutes with
an equal volunze of ether, This was then separated
off, and the last trasces removed by heating in vaouo
at a temperature of 30°C., This method has also
been described by Stewart164 , and by Zondok;vv .

In one case 11 mioe were injccted with different
dilu%ionn of pregnancy urine t every one died.

The seme specimen was treoted as desoribed, and

& more mice injected ¢ none succumbeds Zondek has
reported that, by the use of a siniler measure, the
usual mortality of 6«7 per cent. is reduced to 0 per
cent. The results obtained by this procedure do
not depend on the number of times that the ether
treatment is repecteds A urine exposed to the
action of ether once, is rendered just as innoouous

es the same urine trested five times in the same way,
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stewart164 sugeests thet the efficacy of
this procedure depends of the fact that the ether
destroys the orpenisms. In support of this, the
following interesting feature was noticed. 1I1f,
after it has been allowed to mix with a toxic urine,
the ether is evaporated down and the residue
dissolved in water and injecied into mice, it
produces no ill-effects. It would appear, therefore,
that the ether aocts by destroying, or by altering,
the composition of some urinary econstituent, and

that 1t does not merely remove the toxle agenis.

Filtration of the Urine
zZondekt?? yreports that filtration of the

urine through & Berkefeld filter diminishes the
animel mortality. S,tewartla4 believes that a
Zeitz filter renders the urine less toxic by removal

of the organisms,

Centrifu
Cemtrifuging the urine is said to diminish

its 111 effectis. I have had no experience of this

procedure.

Concentrat ion of the Urine

The method of concentrating the urine as
desoribed on nage 62 is also efficacious in reducing
the animal mortalityes This method was used chiefly
in cases of malignont disease, since it thus served

two purposes : (1) concentration of the hormones
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(1) prevention of animal death.

In every test except one, the injection of
this watery extract produced & dininished mortality
amongst the mice. It i8 possible that this
procedure depends for its detoxicating action merely
on the shaking of the precipitate vith ether.

(e) Recently, Wiesnert

7% has aeseribed yet another method.
In this he precipitates proteins with sulphosalicylio
acid, and filters off the precipitate through a
filter paper. The urine is then neutralized with
sodium bicarbonate, He evidently infers that the
toxicity is due to proteins, I tried this method

in three cases only : 41in one of these it failed
whereas a simple ether extraction was successful in
splte of the fact that the urine had been kept for

a longer period. As a result of this I abandoned

the procedure.

Of all these methods I relied on two only (i) the
treatment with ether and (1i) the concentration of the
hormoness By using one or other of these modifications
I only feiled to obtain & result in one case of the pregnanocy

diagnosis series.,



In view of %the' faot that pituitary transplants

taken from all the cormon laboratory eninals, either male
or female, produce the typical ovarian responses, one
would expeet thet the urine of pregnart animals would give
a positive pregnancy test, chdoklal, however, found that
of all enimals, only the monkey exoreted hypophyseal
homones during pregnancy. This finding was confirmed by
Ehrharat %2 » but Allen and his oolleagnoalo failed %o
denonstrate the presence of pituitary hormones even in the

urine of the monkey.

In order to test the verity of these statements, the
following experiments were carried out. It was found that
the urine of animals was much more toxie than that of
human beings. From their results Allan end Diokons3

appear to have experienced this too.

Results
Animal Result of Test
Rabbit 16 days pregnent| No hormones found
" m " L " " "
" 7 ow " " " "
Cat., Near Tem - - "
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Believing that in such small enimals the hormones
were perhaps present, but in much smaller amounts, I
performed a second series of experiments using concentrated

urine.

Animal Result of Test

Rabbit 14 days pregnant | No hormones present

”n 16 ” ”" " " "
" 18 L] ” " " "
L 8 a L " " " "
cat . 14 " N " " "

There was still a possibility, however, that although
the hormones were being secreted, they were not being excreted:
blood serum was therefore collected and tested with the

following results :

Animal Result of Test
Rgbbit 14 days pregnant | No hormones found
" 15 " " " " "

" g0 " " " " "
" Near Term . " =
cat " " " " "

In every case 1 failed to demonstrate the presence
of any hormones in the blood stream or urine of the pregnant
cat or rabbit. Moreover, no observer has yet demonstrated
the presence of the hypophyseal hormones in the larger
animals such as the cow and horse, although Cole and Hart 90
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have shewnAoestrin ocours in considerable quantities in the
blood serw: of the mare during the second half of pregnancy.
In connection with this,Krau1112 makes an interesting
comment "In rodents the yellow body (corpus luteum) persists
throughout the course of pregnancy, althoush their placentae
do not eontain such great amounts of harmene as the humean
being and their bloocd serum shows no increase of anterior
pituitary hormone during pregnency. An exception apparently
exlists in the case of the mare whose blood serum contains
high emounts. In this animal, however, the yellow body

degenerates before the temination of pregnancy."

Placental jormones

Halbangv y in 1905, was the first to shew that the

human placenta contained a hormone which was capable of
producing oestrus in animels. That this effect was due to a
hormone which we now know as oestrin, was demonstrated by
Herr.mannlo1 + Since that time all observers have agreed
that oestrin occurs in large quantities in the human placenta,
and for some years now comnmerecial preparations of the

ovarian hormone heve been obtained from this souroce,

In 1920 Hirosel059 gave intraperitoneal injeetions of
placenta into rabbits and was able to shew that this procedure
produced an abnormally large number of corpora lutea in the
ovaries, Later, Mureta and Adachit27 confirmed this, and

in addition to producing luteinization, found that ocestrus
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occurred in the enimal. However, oestrus was not produced

in ovariectomised animals and so the hormone concerned in

this case was not ocestrin.

As a result of the work of Smith and Engle, and
Aschheim and Zondek, it became apparent that the effects of
placental implants were rather simlilar to those of anterior

pituitary transplants.

Finally Wiesner174, by means of sulphosaliocylic acid
extracts of placenta, was able to produce changes im the
ovaries of mlce and rats, identical with those obtained by
the use of hypophyseal extracts. In other words, he shewed
that the placenta contained either Prolan A and Prolan B
(rho 1 and rho 2), or substances which had exactly the same

properties and physiological actions.

In connecgion with placental hormones Collip‘g has
done & large amount of work, and has desoribed in detail the
preparation in pure orystalline form of a hormone corresponding

to Prolan A ¢ +this hormone he calls 'emmenine'.

Hisawl06 has sugzested that the corpus luteum hormone
may also be found in the placenta. K’raul112 has recently
injected placental extracts into rabbits ovariectamnised
18 hours after copulation : he failed to find any changes in
the uterine mucosae, and concludes that the human placenta at

term contains none of the aotive principle of the corpus

luteun.
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I have made extracts of normal human placenta end
also of carneous, and hydatidiform, moles., The methods
of extraotion were based on those described by collip48 B
Both alcohol and acetone extracts were made, but it was
found that acetone extracts were easior to prepare, and in

most cases this medium was useds

Method
The tissue was macerated in an ordinery meat mincer,
One end one-hall volumes of acetone, whioh had been
previously slightly acldulated with glacisl scetic acid, was
addeds The whole was then pounded together and allowed to
remain for 24 hours : it was stirred frequently. At the
end of that time the residue was {iltered off, and the
filtrate heated to 3(°to 40° C., at reduced pressure, until
all the acetone wes evaporateds An aqueous solution,
containing the hormones, remained. This was, or was not,
repeatedly extracted with ether, depending on whether one
wished to have oestrin in the extract. No further
purification of the extract was required for my purpcse

whioch was merely to demonstrate the presence of the hormones

qualitatively.

The extracts were injected by the same technique

as was employed in the ordinary Aschheln-Zondek tests.

R i
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esults
Result of AZ test Description of Hormones in
performed before Tissue extracted. Extract .
removal of specimen. b
< m o .
(0] = O 0
o o o = O ©
7} - @ « O
« - — — B8 W
] () o} o o ©
L Ly as >
-.--J»O i A Eﬁ‘-&
P23 | Positive 0 weeks '"placenta' | 4+ | 44+ | 4+ 4
Pe24 | Positive 12 weelks placenta + |+ |+ +4
PeR2 [Not done 15 weeks placenta | +| 4 *
P21 |Not done 40 weeks placenta + | 4| + 0
P18 |Not done " " ” L] | » 0
Ped?7 |Not done " " " % + |+ 2 0
)
Pelb |Not done " " " + |+ + 0
Pe2 |Not done " " " + | + | #+ 4
Pyl |Positive.Excess ocestrin |28 " " 1) 44| + |+ +
Macerated foetus(ii)| ++| + | + +
Pel0 |Negative.Oestrin present |[Missed abortion ++| 0| O 0
Pe20 |Not done Missed adortion Mioce died
Pe® |Nemetive.Oestrin present|Carneous mole + 0] O 0
Peb |Negative. . . Missed abortion.
Dead 5 weeks ++] 0 0 0
Pe3 |Positive Living tubal + 1011 0 0
pregnoncy
Ped |Negative. Trace of Tubal mole Trece| O | O 0
oestrin
P8 |[Strongly pesitive Hydatidiform + |+ + +
mole

From these results it is seen that by a comparatively

simple method, an active extract can be prepared from the human



Pig.19. Ovarian responses produced by injecctlion of
oxtracts of human placenta. These are identiesl
to those obtained by injections of pregnsncy urine.
x 65.

6ehe =« gorpus haemorrhagica,
c.l. « corpus luteum atetries,

r.f.

ripening follicle.
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placenta at all stages of pregnancy. Such extracts produce
effects in the mouse genitalia which are identical to the
effects obtained by the injection of pregnancy urine (F1lg.1l9).

Extracts of hydatidiform mole also contain the hormones.

I should like to point out that,with but one exception,
the responses to injection of a certain tissue extract were
ldentlcal to the effects produced by the injection of the
urine of the patiénts, received before removal of the tissue.
. Thus in the early stages of pregnency both urine and placental
extracts produced numerous corpora haemorrhagica and a
preponderance of Prolan A and Prolan B effects, 1In the
later stages, ﬁhe oestrin effects were dominant, and it was
rare to find haemorrhages in the mice ovaries. Similarly
in one case of foetal death at 22 weeks (Pesl), both the
urine and the placenta conteined & relative excess of oestrin,
In those cases of carneous mole when no positive reaction

was obtained with the urine, the same result was obtained

with the extract of the moles The exception to this rule
was in case Pe3 in which, although the urine of the patient
had given a positive reaction, the extract of the tube and
its products of conception did not contain either Prolan A
end Prolan Be ! this can be attributed to the small quantity

of material which was available for extraoction. There seems
%o be no doubt that, even in this case, a more elaboraté

method of extraction would have resulted in the demonstration

of the presence of the hormones.
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A second series of exitracts were made from the

tissues of animals and the following results were obtained :

[ Hormones in
E;E;pot
. Results of Description of
- injection af Tissues from which l
Case s=orum or extracts were made . < | M
i urine of o g g
| aninal L0 . B
[0)] o | o
o M N
Al o Ay Py
P,1l Negative for all | Mlacentaec of rabbit 0| 0 1 0
- hormones. 20 days pregneant ;
| i
Pel2 Negative for all | Uterus of rabbit O/ 0 O
- hormones 20 days pregnant | !
!P.ls Negative for all Foetis of rabbit 0| 0 0
~ hormones 20 days pregnant

' Pel4 Negative for all | Placentae of cat |
hormones near tem (1 Mice diled
' (14) o o , 0

Pel9 Negative for all | Placentae of cat
- hornones 14 deys pregnent (i) | Mice died
(11) 0 OJ 0

|

-

-y

In every case I falled to demonstrate the presence of
any hormones in extracts of the placentae or uterine walls
of the cat or rabbit., Parkes and Bellerby151 also found
complete ebsence of the hormones in the pig,'oat, dog, rat
and mouse placentae, but demonstrated the presence of oestrin
in the placentae of sheepe Allcn9 says that the ocow
placenta contains oestrin, while Lane-Claypon and Starlingtl®
clain to have found small amounts of that hormone in the

placentae of rabbits.




w8l -

Although Kraulllz has recently stated that implants
of placentae of rabbits, guinea pigs and cals produce slight
follicular ripening and luteinization in the ovaries of test
animals, it is the general opinion that the hypophyseal

hormones are not to be found in the placentae of animals.

The presence of the Hormones in the Human Foetus
The fact that oestrin and the hypophyseal hormones

occur in large quantities in the placenta, infers that either
they are produced there, or that they are produced elsewhere
and merely sollect there from the general circulation, In
elther case, it is of interest to know if they can pass throughé

1

the placenta and enter the foetal circulatione
|
Philippl36 reports the occasional occurrence of these E
' !
hormones in the blood and urine of new-born infants, and - |
Brith1 39 says that oestrin ocan be found in the urine wup to

the fourth day after birth,.

In the investigation of this subjeet, urine was
obtained from still-born foetus : this in some cases was
concentrated, in others it was injected withoutl any
nodification, The letter C is placed against those cases

in which it was concentrated. g
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%o. Particulars of Case Hormones present Corpe.Haems|
Oestrin |Prolan A | Prolan B | in ovaries
1l Male foetus 37 weeks 0 Trace 0 0
2 " " 40 " + + 0 0
3 " " 40 " Mice died
& " " 40 " + Trace | 0 0
5 " " 34-35 " Mice died
6 " " a8 " ‘ i + | 0 0
y n 40 + + o 0
8 " " 40 " | + + ; 0 0
9 s N 4 " Mice died |
| o

It is seen from these results that oestrin and
Prolan A ocour fairly constantly in the foetal urine.
Prolan B has never been demonstrated. However, 1t has Seen
pointed out that towards the end of pregnancy, Prolan B does
not occur in very large amounts even in the maternal
ciraxlation : this may account for its absence in the

foetus at tem.

Another series of experiments were performed using
blood serum collected fromn the umbilical cord while the
placenta was still in utero.

from cases of normal full-time pregnancies,

Basults :
caseAIOestrin Prolan A | Prolan B | Corpe.Haem,
1 4+ + None None
2 + + Trace "
3 + Trace None L
4 + + o . J

In all, the sera were obtained
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These results are identical with those obtained by
injections of foetal urine., In one casc, however, the milce
ovaries shewed a suggestion of luteinizetion which I regarded

as indicating the presence of small amounts of Prolan Be

Brith13¢ states that both oestrin and Prolen A. are
present in the blood from the umbilical cord, but that the
latter hormone is present in relatively small amounts. He
falled to find the luteinizing factor in the blood of the
mature foetus, but demonstrated its presence in the blood of
an eight months baby, and also in the liquor amnii of a
four months pregnancy. These findings are in agreement with
the view already sugpested, that Prolan B probably passes
through the placenta in the early stages of pregnanoy, but
that 1t is not found in the blood and urine, of the mature
foetus, because at the end of pregnancy its concentration in
the maternal fluids is comparatively lowe

!

The Origin of the Hommones found in the Urine during Pregnangy,

est .

In the none-pregnant woman it is generally agreed that |
the ovary is the organ which secretes ocestrin. "Oestrin-likem
substances have also been found in the male testes by Maino and
Frattinil®® ana Dodds, Greenwood and GallinoreC, Moreover,
Walker and J’anny‘“8 have demonstrated that some plants contain
& principle which has the power orf producing oestrus in

animals.
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As %o which part of the ovary ie responsible for its
formation, authorities @iffer. Allen and Doisy’ , end
Laquer and his assooiatesllé)lld | have shewn that the
hormone is present in large ancunts in the liquor follicull,
and they maintein that the Graffian follleole is the sole site
of its formation. In oconfimation of this, it is quite
easy to prove thot the ocontents of follicular reotention oysts
can produce the onset of oestrus in ovariectomised mioce and
rats,

Parkes and Bellerbyldl, however, found that residual
ovarion tissue after removal of the folllcles, still contained
appreeiable quantities of the hormones 0Other workers have
oclaimed that the corpus luteun is responsidble for its
formation : Follner”® , end Horrmamn®® , cbtained active
extraots from this source, while of late Aschheim and Zondek
have obtained positive rosulta, On the other hand, many
obsorvers have failed to oonfimm those rfindings. For the
oxplanation of this disorepaney in results, we are indcbted |
to Parkes and Dellerby> > who shewed that it was anly in 1
those cases in whioch reocont corpora lutea were used, that
potont extraots were obtaineds These corpora lutea still
contained liquor folliculi, and they were able to prove
that whereas the liquid portion contained the hormone, the

|
i
soli¢ lutein tissue contained no prineiple ocapable of §
producing oostrus. ‘

1

It seems therefore that costrin is derived either
from the Craffian folliecle, or fram the interstitial cells of
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the ovary. Blair 361124 long ago reported that
ovarian grafts which contsined no follicles were as
potent as those which had, in malntalining oesirus in
ovariectomised rabbits. This would infer that the
intorstit ial eells can perform this funetion : against
this it hes been argued that the human ovary ocontains
little, if any, interstitial glend. In attempting to
decide this muoh debeted questiion, P&rkeslso employed
the use of X-rays. By this means he destroyed the
folliocular apperatus of the ovaries of mice. Brembell,
Fielding and Perkes®® deseribed the effects which this
procedure produced. They found that all the folliocles
were destroyed, and consequently, the corpors lutea tooe
1f en immeture animel wes used, the ovary became rilled
with a peranchymatous tissue derived from the germinal
epithelium : if the animel was mature a simllar tissue
appeared, but it was developed from the grocnulosa cells.
Parke s +O0 regerds this tissue as being comparable to the
normel interstitial cells of the ovary. He investligated
the effects on the oest;ggiﬁgsulting from exposure of

an animal's ov:ries to such trestment, and found there
was no interference in the onset of puberty in lrmeture
nice, and no cessation of the cestirus cycles in the nature
mice. Althouzh the cyeles were not suppressed, éoma

irregularity in the duration of oestrus and dicestrus

occurred at tlmes. In view of these results, Purkes

wrote ¢
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"The coincidence of follicular maturation with
the occurrence of oestrus, together with the fact that
the initiel extractions were made from follicular fluid,
led to the supposition that the oestrwe-producing hormone
was essentially elaborated by the mature follicle. More
recently, however, the oestrus hormone has been found in
situations where it cannot possl bly have been elaborated,
80 that its occurrence in any partiocular site 1s not
evidence of its origin there. At the time of the first
oestrus period, no corpora lutea are present in the ovary,
and these structures cannot therefore be considered as the
essential site of origin. In the same way, the placenta,
also an abundant source of the hormone, is clearly not the
essential site of origine Further, it has been shewn that
elinination of the Grarfian follicles by exposure to X-rays
does not prohibit the formation of the oestrus producing
hormone, and it would seem therefore, that, under certain
conditions, if not normally, the stromel tissue of the

ovary can elaborate the hormonee "

His results were so remarkable that I attempted to

confirm them,

Technique.
The animals used were white rats : some of these
were just past puberty, others were only approaching

naturitye. They received varying doees of filtered and
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unfiltered X-rays.

. A single dose of filtered Xerays was made up
as follows ¢
Kilovolts 185 Milliamps 2.0
Filtration 0.5 mm Zine + 2,0 mm Aluminium
Distance 10 inches. Time 15 minutes
Dose is equivalent to fourfifths unit skin dose
A single dose of unfiltered X-rays was meade up
as follows @
Kilovolts 110 Millianps 1.5
Filtration, Nil
Distance 7 inches Time 14 minutes
Dose is equivalent to four-fifths paestille dose.

All the animals were irradiated fram the dorsal
aspect. Veginal smears were examined dailye. In this
connection it was found that repeated swabbing produced
an abnormal condition of the vaginal mucosa, This was
evidenced by the presence of a vaginal discharge, and
the oyolical changes in the smears disappeared. Damage
to the epithelium, and a superimposed infection, was no
doubt the underlying pathology ¢ the condition always

cleared up if no smears were taken for a few days,

The ovaries were obtained for microscopical
examination either on the death of the animal, or at

operation.



Figs20.(a) OShewing the ovary obteined from & rat which had been

exposed to x-rays. (Expt.&)s There are a few
degenerated follicles, but the major paurt of the

organ is filled with parenchymstous 'interstitial’
tissue. X 40,

Fig.20.(b) Seotion of en ovary removed from a normal rat used 8
& control in Expt. 8, x 30,



Besg;ta.

=58~

It was found that surprisingly large doses of

Xerays were required to cause destruction of the follicular

apparatus.

E!Eeg lmegt ; .
Dosage °

Oestrus Cycles.

Ovarian Effects.

Dosage.

Oestrus Cycles.

Ovarian Effects.

Experiment 2,
Dosage.

Animal :¢ Adult rat. Welght 97 grams.
Two doses of filtered rays with an 1nterva1'or 7 days,
Regular cyoles occurred every Se-6 days, Cornificat-
ion of the vagina persistod l-2 days except on one
occasion when it lasted 3 days.

One ovary was removed 34 days after the second
exposures It showed a few follicles in the

process of ripening, and many old ocorpora lutea.

There was a small amount of newly formed 'inster- |
!

stitial' tissue. f
A third dose of filtered rays was given 5 days 5
after the operation. g
Cycles persisted, but were irregular. cornirioatiané
of the vagine sometimes lusted as long as 9 days |
with a diocestrus interval of only two days,

The second ovary was removed 80 days after the

third exposure. There were a few degenerated
follicles, but the major portion of the ovary

consl sted of'interstitial' tisa e.

Animal : Rat approaching puberty. Weight 87 grems,
Two doses of filtered rays with an interval of

7 days.
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Oestrus Cycles. The vaginal orifice had not opened 34 days
after the second exposure.

Ovarian Effeets. One ovary was removed 34 days after second
exposure. This aeppeared to contain a large
amount of lutein tissues: Parkes has described
this abnormal response which sometimes occurs,
Only degenerated folllcles were seen.

Dosage. A third exposure to filtered rays was given 4
days after the operatlon.

Oestrus Cyecles. The vagina became patent the same day. Subsequent
cycles were irregular, and shewed prolonged
periods of dioestrus, This stage sometimes
lasted as long as 14 days.

Ovarian Effects. The second ovary was removed 32 days after the
third exposures Although most follicles were
destroyed, one was definitely in the process of
ripening. Luteln tissue was still present, but
in addition, there was a moderate amount of

*interstitial' tissue.

er % 3o Animal : Adult rat. Weight 82 grams,.
Dosage. One dose of unfiltered rays.
Oestrus Cyocles. These were the same as in Experiment 3 except

that occasionally true cornification of the
vagina did not ocour, and the smear only showed

cells characteristic of pro-cestrus.



-90-

Ovarian Effects. The rat died 31 days after exposure. The
ovarian picture was the same es in Experiment 3.
- Experiment S, Anigzl ¢ Adult ret. VWeight 99 grams.
Dosago; Two doses of unfiltered rays with a nine days
interval.
Oestrus Cycles. Irregular cycles persisted for 15 days following

the second dose.

Ovarian Effeots. The rat dled 15 days after the seoond exposure.
The ovaries showed old and recent corpora lutea :
Sane follleles were degenerated, others were in

the process of early development.

Experinent 6. | Animal ¢ Adult rat. Veight 99 grems.
Dosage, Three doses of unfiltered rays with intervals of

9 doys, and 25 days, between them.

Oestrus Cycles, The cycles contlnued but were very irregular.
Oestrus ocecasionally ocourred three times in 7
daye : at other times dicestrus persisted for
10 days.

Ovarian Effeots. One ovary was removed 44 days after the third
BXPOSUTEs One degenerated folliocle was seen
the remainder of the ovary was filled with
tinsterstitial' tissue.

Experiment 7. Animal : Immatire rat. Welght 64 grams.
Dosage, One dose of filtered rays followed by one dose f

of unfiltered rays, after an interval of 60 days.:
Oestrus Cyoles. The vaginal orifice became patent 16 days after
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Ovarian Effeots.
t 8.
Dosage.

Oestrus Cyocles,

Ovarian Effects.
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the first exposure. The subsequent cycles

were irregular, oestrus persisting for as

long as 5 days, and dioestrus for as long as

12 days, After the sccond irradiation
cornification of the vagina did not ococur within
20 days, and pro-ocestrus smears were only
obtained on 3 occasions,

The animal died and the ovaries were lost.
Animal ¢ Immature rat. Welght 57 grams.

One dose of filtered rays followed by one dose
of unriltered rays after an interval of 60 days.
Irregular oyecles occurred, The smears rarely
showed cornified cells, but merely the cells
characteristic of pro-ocestrus.

The animal died 20 days after the secmnd
exposure., A few degenerated follicles were
present in the ovary, but the major part of that
organ was filled with 'interstitial' tissue.
(see Fige20).

Although the number of experiments was small, and

they in themselves unconvincing, yet they served to confirm

the work of Parkes, inasmuch as they demonstrated that oestrus

cycles, although irregular, could occur in the absence of the

Grarfian follicles,
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SOEugtlsl repeated Parkes' experiments on mice
end obtained similar resultse He found that unless the
largest X-ray doses were used, oestrus continued although
the cycles were of'ten irregular and ﬁtypioal. He, too,
beliey > that the interstitial eells of the ovary are the
. source of oestrin. Ford and Dripaaa investigated the
action of Xerays on rat ovaries and obtained results

ldentlcal with the ones described above.

In spite of all this work, I should like to contend
that the results are by no means any proof that the Graffian
follivle, by reason of its granulosa cells, 1s not the
source of oestrin.

(1) Parkes snd others have assumed that the 'inteérstitial!
tissue resulting from exposure to X-rays, is
comparable with the normal ovariem interstitial. cells.
Ther; appears to be no grounds for doing so.

(2) The cells of this tissue are derived from either
granulosa ocells, or the germinal epithelium which
many authorities regard as the ancestor of the
membrana granulosa.,

(3) If, after treatment with X.rays, mice are injeoted

130

with alkaline extracts of hypophysis, Parkes = found

that this newly formed tissue becomes luteifnised in

exaoctly the same way as the granulosa cells of the

176

normal ovary. Again walter made anterior
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pltuiteyy transplants into lmmature mice which had
been previously irradiated, and produced precocious
puberty in 85«100 hours, If, therefore, this
invorstitial tissuve 1s derived from granulosa cells,
and resembles them so closely that it not only
responds to the action of Prolan A, but is also
capable of undergoing luteinization, it seens
reasonable to suppose that its action does not represw
ent the normal action of stromal tissue, but rather
is indicative of the action of the membrana granulosa
ffom which it arose, and whose runotiaqigarries on.
This view would account for the faet that although
the oestrus cycles persist, they are often irregular
in the time of onset and duration.

Gonther95 has recently warked with guinea pigs,

and reports that by varying the dosage and filtration
of the rays, different ovarian effects are produced.
She distinguishes four groups :

(a) Ovarien changes similar to those of Parkes
resulted in the continuance of irresular
oestrus cycles,

(b) The ovaries shewed the presence of only
under-developed follicles, together with
a small amount of newly formed 'interstitial!

tissue. All oestrus cycles ceased.
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(e) The ovaries shewed only under-developed
follicles. There were no corpora lutes,
and the stroma was fibrous and compact.
This resulted in complete ablation of
the oestrus oyocles.

(d) The ovarian changes were the seme as in
(o), but were temporary, and follicles
began o develop later. This produced
temporary cessotion of ocestrus only.

She shewed, therefore, that oestrus never ocourred
unless there were preseat in the ovary, either ripeniig
graffian follicles, or a moderate amount of newly formed
*interstitial tissue'. I the granulosa cells were
actually destroyed, instead of being converted into a

nevw tissue, all oestrus cycles ceased.

It is not my intenticn to set out all the evidenoce
in favour of the folliculer origin of oestrin ¢ this is
wall knowvn., IV will sukfice to mention that Sahaﬂhhﬂnialsa
has recently brought to light another faet in its favour,

He has found that patients suffering fram folllculomata
~of the ovaries hove laerge amounts of the hormone in the
blood and urine. IV is sigonificant that increased
production of cestrin should coineide with a hyperactivity

of the granulosa cells.

It would appear therefore, that no evidence has
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been produced to disprove the generally accepted view
that in the normal animal, oestrin is the secretion of
the granulosa ocells.

If then, oestrin 1s produced by ths ripening

Craffian follicle, one has to explain how this hormone

is produced in sueh lerge quantities during pregnancy
when no follicular ripening occcurs. It night appear that
this fact alone tends to shew that the interstitial cells
of the ovary are perhaps, after all, the site of origin
of this hormone. This 1is not necessarily true, since

i+ is highly probable that the plucenta rejlaces the cvary

in as far as the produection of cestrin is concerned.

It has been known for many years that the placenta
contains luarge quantities of ocestrin, and Smith163 says
that 1 gram of placenta contains almost twice as much of
this hormone as 1 ce of bloods. One nust therefore conclude
that either the hormone is ;roduced in the plaeenta, or
that it 1is produced clsewhere, and 1s concentrated at that
site. Parkest © disoredits the view that the placenta
produces oestrin, end Perkes and Bellarbylas suggest that
the placente absorbs ocestrin from the meéternal oirculation,
in order to protect the male foetus from its action. This
theory is not true, since it has already been pointed out
in this thesis that the urines of five silll born male
babies all contained the ovarian hormone, as did also the
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blood collected from the umbilioal cord in four other cases.

This point is interesting, since Hermann and stoinlos

first, and later, Allen and Dolqu, and Fellner’o, have
all shewn that oestrin inhibits sexual development in

nales. One might conjecture that this initial handieap

in a male alweys ocours later than in “he female.

I have been fortunate enough to ba‘able to stuvdy

the hormonic content oi the urine of a petient whose ovaries
were removed during pregnancy. The details of the case
were as follows :

Patient. Mrs.d.R, Ago 44.

symptons. anenorrhooa for 14 weeks. Vomiting.

Fhysical Signs. Uterus enlarged to th- size of a

12 weeks pregnaency. Bilateral, hurd, and nodular,

appendace swellings.

Asclhein Zondek Test. (#7.11.30) FPositive.
After History.

15.12,31. (16 weeks pregnancy ). The patient was
operated on : the diagnoc<il of pregnancy was confimed,
and bilateral ovarien fibromate was removed. In
removing these tumours, all ovarien tissue, including
the corpus luteun of pregnancy, was exocised,

Purther Tests on the Urine.

30. 12, 31, (18 weeks pregnancy). A positive Aschheim Zondek

reaction was again cbtained and shewed no difference
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from that obtained before operation. At the
same time, the urine was tested on three
ovariectomised mice, and oestrus was produced,
shewing that in spite of the absence of the
ovarieg cestrin was still boing excretod in
large amounts.

89, 1. 31. (22 weeks pregnaney). The amount of oestrin
was estimated by the method stated previously.

It was found that the urine contained 1,250 M.U,
per litre. Aschheim and Zondek.l4 give the normal
as being 1,000 M.Us per litre, although in a later
publication®®, they state that between 4,000 and
10,000 i1.U., per litre can be found.

17. 2, 3l. (25 weeks pregnaney). The uvrine was shewn to
contein over 2,000 M.Ue of the ovarian hormone
per litre., The Aschheim-Zondek reaction was again
positive, but shewed less Prolan B effects, and
an excessive oestrin response. These findings
were significant in view of the after events.

8. 44 31. (32 weeks pregnancy). Oestrin was present, the
Aschhein-Zcndek reaction was positive, but not
very pronounced.

28, 4. 321, (35 weeks pregnancy). The oestrus producing
hormone was still present in large quantities
and although no attempt was made to estimate the

exact amounty, there was at least 800 M.U., per litre.
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Further History
At this juncture, the patient's medical attendant

reported that the uterus was only 24 weeks in size, and
that no foetal movements had been felt since the third week
in February. The patient, however, left her native town,
and all treoe of her was lost with the exception that a
report was rgoeived from her next medical attendant saying
that, on June 6th 1931, a very much nacerated foetus was
delivered ¢ the sex and age of this were impossible to

determine,

It would have been of interest to have exzmined
the urine again after the expulsion of the foetus :
however, all attempts to obtain specimens, or to learn

more about the case, failed.

Two similar casec have been reported recently by
Allen end Dodds® , &nd szarket®? 3 both these observers
found that oestrin was exereted in the urine during pregnancy
although the patients had no ovarian tissue. Anatill has
also found the folliocular hormone in the blood serum of a

pregnant patient whose ovaries had been removed.

Such eovidence is undeniable proof that the ovaries,
during pregnaney, are not the prime source of oestrin, and it
seens permissible to assume that 1t 1s the placenta itself )
which produces ite As to which speecial part of the placenta

1s responsible,Fanz and Gault’™ have suggested that there is
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an assooiation between the development of the synoytium and the

production of oestrin.

Prol A and Prolan

These hcrmones were first demonstrated in the anterior
lobe of the pituitary and have become generally known as the
pituitary hormones, There is no question that they are
produced, and can be found, in the pituitaries of all mammals,
male and female, pregnant and non-pregnant, from the time of
thelr birth to their death,

Evans and Simpson‘” in 1928 first put forward the view
that the eosinophil cells of the hypophysis are responsible
for the production of Prolan B, while the basophil cells are
assoeiatad with “rolan L formation. Smith*®2 also expounded
this theory, and Bailey and Davidoff>* supported it when they
pointed out that there ieg an excess of eosinophils in
acromegaly, and that Prolan B sometimes scours in the urine
in cases of that disease, In addition, Wegenenl’l says
that the appearance of 'castration cells', derived fram the
basophils, is an explanation of the ooccurrence of Prolan A
in the urine after bilateral oophorectomy. On the other hand,
Blair 861125 stated long ago that these castration cells
arise from the eosinophils : Philipplaa is also of tﬁis
opinion, If this is true it would imply that the produetimm

of Prolan A is associated with the acid-staining cells, and

not with the basophils.
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During pregnancy the pituitary is hypertrophied, and
Blair Bell®® deseribes an ineorease both in the eosinophlil,
and the chromophobe, cells., So which ever of these tissues
is responsible for the origin of the different hormones, one
would expect an inecreased produetion of both Prolan A and
Prolan B after conception has occurred., Asechheim and
Zondek17 demonstrated that implants of human placenta into
non-pregnant enimals caused a simlilar hypophyseal hypertrophy,
while Letmann''® descrived the production of typical
pregnancy chanzes in the pituitary following the injection of
placental extracts. These facts sexve to explain the
intimate association between a positive pregnancy test and
the presence of living chorionic villi in the body.

However, the anterlor lobe of the pituitary of
eninmals 1s also hypertrophied during pregnancy, and yet
neilther Prolan A 10r Prolan B have ever been found in their
urines, This could be explained by the facts that :

(1) The hormones, although present, are not emoreted by
the kidneys. This is not true since the hormones
have never been found in the blood stream,

(i1) The hormones are present, but in small quantities.
Evldenoé against this is that large animals such as
the cow, and horse, do not give a positive reaction,
nor does the concentrated urine of smaller animals
produce any ovarian response in mice,

(111) The hormonic regulation of pregnancy may be different
in animals from that in the human being.
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(iv) It is not the anterlor pituitery which is the site
of origin of the hormeones which are found in the

urine of a pregnant womane

This last suggestion has recently received strong
support from Collip42 , Philippld7,159 | and Bourg® : they
are of the opinion that the placenta is direotly responsible
for the production of the hormones, and not indirectly via
the hypophysise Sinec it has already been shown that,
during pregnancy, oestrin is produced in the &absence of the
ovaries, it seems feasible that Prolan A and Prolan B should
also be produced in the abscnce of the pitultary. The obvious
experiment of performing hypophysectomy on pregnant animals

is vaelueless aince animals do not give a positive test.

The evdidence -in favour of a placental origin for
vhe hormones is

(1) The human placonta contains oconsiderable quantities
of Prolan A and Prolan B, and placental extracts
produce exactly the same ovarian responses as
pregnancy urine, It has heen suggested that this is
due to tho Tact that the plascnta merely absorbs the
hormones from the general ciroulation in order to
protect the foetus from their action. This has
already been d&sproved by the demonstration of
Prolan A in the blood Pfrom the umbilical cord, and

5

156
Siegert and Schmidt~ifeumann v actually state that

the concentration of the hormones in the blood of
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thie foetus is exactly the same as in that of the

mothers

(11 )The placentae of all laboratory animals contain no

hypophyseal hoimones §¢ this coincides with the
negative reactions given by the urines of these
animals . It may be that their placentae have no
power to absorb these factors, yet this has been
discounted by Hill and ParkeslO4 who injected hypo=
physectonised pregnant rabbits with the urine of a
pregnant woman, and recovered the hormones from the

placentae,

(111) The relationship between the presence of the

(iv)

hormones in the urine, and placental elements, 18 so
intimate that 1t seems to imply that the two conditions
have & direct oonnection rather than an indirect one
through the pitultary. On removal of the placenta
the hormoner disappear from the urine more rapldly
than one would expect if their disappearance depended
on a gradual retrogression of a hypertrophied
hypophysis.

The hormonic content of the body flulds is direotiy
proportional to the activity of the chorions For
example, in hydatidiform mole sb much Prolen B is
produced that corpus luteum cysts are found in the
patients' ovaries, However, Wagner (quoted by

Kraulnz) has desoribed the oceurrence of similayr

cysts in a case of pitultary tumour. Moreover, Novak
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and Kortlza have shewn that excess prognancy changes

are to be found in the hypophysis in cases of hydatidie

form mole endchorion epithelioma. After these
condltions, they say, this gland takes longer to
retrogress and so the hommones persist for a longer
time in the urine,.

Extracts of diorion epitheliomes, or hydatidiform mole,

produce ovarian responses in the mice. There seems

to be no reason why such neoplastic tissue should
absord hormones, If they merely contain an excess
of these prineiples in view of their vascularity,
then why do not other vascular organs, such as the
spleen and liver, contain them ?

Differences 1# the action of pituitary, placental

end urinary lormones have been described :

(a) Evans and Simpson®® point out that alkaline
extract.; of the anterior pitultary contain a growth
factor as well as Prolan B, whereas acid, or
alkaline, plucental extracts contain no such
prineiple. Pregnanoy urine likewise, produces
no growth effeects in the test aninmal.

(b) In experimenting with pituitary transplants,
Enc1e®® found that they produced not only
ovulation but 'superovulation?,whereas in the
performance of Aschheim-Zondek tests ovulation

never ococurred in the mice ovaries, Fee and

Parkes?®, Jaresl®® and recent writers, do not

agree with this latter statement.
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(e) collip42 reports that emmenine, the placental
equivalant of Prolan A, never produces abortion
in animals, where as Aschheinm and Zondek™® , and
Engle and Mermod®4 s found that ovulation and
abortion ocourred if hypophyseal transplants were
made during pregnancy.

(@) The increase in size of the ovary resulting from
pituitary injections is directly proportionel
to the amount of gland used. There is no
relationship between the amount of urine injected
and the ovarian responses obtained (Evans and

70)

L]

Simpson

(e) Pituitary hormones are destroyed by enzymes, and
are not effective by the oral route (Smithlal).
Collip44 s however, has shewn that emmenine
differs in this respeot, and is active when
administ :red by the mouth,

() Corner®® says that lactation can be produced in
non=pregnant animals by hypophyseal extraots,
whereas injeotion of pregnancy urine produces no

breast chenges.

Against the view that the placenta is the site of
formation of these hormones there is the following additional
evidence

(a) The faot that Prolan A can be demonstrated in the urine
in oonditions other than pregnancy.
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(b) ZOnuoklag says that the hormonic content of the human
placenta is only 2-3 per cent of that o. the blood and
urine.

g , and Philipp139 have all shewn

(o) Zondex17”? , Bacon
that the human anterior pituitary contuins less hormones
during pregnsnoy, than in the non-preznant state.
However, these glunds in animels do not have thoir
hormonio content lowered after conception occurs. This
would imply that, in the first ocuse, Prolan 4 and
Prolun B are being passed out into the seneral
circulation, while in the second, they are bdbeing
retainedwithin the hypophyseis. Thie would asccount for
the nezative test given by the urine of presnant animals,
(d) Kranllla has found that if an animal is injested with
plecental extracts prior to removing ite pituitary for
transplantation, the effects of such trunsplants are
greatcr than the normal.
It would appear,, therofore that there 18 no dofinite
evidence on which one can buse an opinion as to
(1) Whether the hormones ocourring in the plucenta,
pitulitary, and urine of prognaney, sre iientiocal
substunces, or

(11) Whether tho site of oriasln of the hormones found in the

urine during prognsnocy, ie the placents or the

hypophysis.
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However, the points outlined above make one feel that
" a theory according to which the placenta 1s considered the
ductless gland of pregnancy ........ would fit the observed
facts much better" (CollipR)s Zondek?8® suggests a
dual origin of the hormones : he contends that the pituitary
is responsible in the early stages, but in the later stages
of pregnemecy, its function is teken over by the placenta.

Recently the problem has been complicated by the work
of Hill end Parkesi04 who sugsest that in the Aschheim-Zondek
reaction, the urine acts via the anterier pituitary of the
test animals They claim that ovulation does not oceur in
rabbits which have neither the piltuitary, nor the placenta,
in situs The procsence of either of these organs ensures
ovulation being obtained. In estimating the value of these
experimente, 1t must be remembered that they were performed
on decerebrate animals, The opposite results were obtained
by Van Dyke (quoted by colllp4z), who shewed that emmenine
is effective in hypophysectomised animals.

Whether the placenta actually produces the hormones,
or whether it merely stimulates the pitultary to form themn,
one has to explain why negative Aschheim-Zondek reactions are
given by the urines of pregnent animsls, This, as Allen and
Doiay7 originally stated, is probably accounted for by the
differences in struoture, and power of invasion, of the

chorionic elements in the different species,



«107=

. a0

The Occurrence of the Pituitary lormones in the Urine of

DTS tients

Prolan B

Throughout %this thesis it has been insisted that
evidence of the presence of Prolan B in the urine is diagnositic
of pregnancy. | However, Zondekl®4 claims to have obtained
AePeRell and AsPeReIII in mice injected with urine from two
cases of carcinoma cervicis, The same author, in a different
publication?’® , says that Prolan B may be found in the urine
in occasional cases after the patient has had both ovaries
removed. .'E‘:I.t.thunt:l.n:na2 s using the blood serum of women at
the menopause or alter castration, sometimes obtained
evidence of the presence of this hormone, while Allan and
Dickens® reported an error in pregnancy disgnosis which
arose because the urine from a patient at the menopause
produced corpora haemorrhagica in the test animals, Htam:tanqB
obtained a positive AschhelmeZondek reaction in two cases of
genital carcinoma, end Stewarti®¢ reported a similer finding

in a ocase of hyperthyroidisnm,

In the face of such evidence, most of it confirmed
by other workers, one cannot but bellieve that Prolan B can
oocasionally ocour in the urine of non-pregnant wanen. However,
I can only state that in all the tests I have made, there has
never been any sign of the presence of the luteinizing factor

in the urine, except when the patient has had active chorionic

elements in the body.
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Zrolan A
All observers agree that the follicular ripening
factor can be found quite frequently in the blood=-stream,
or urine, of non-pregnant patients. It is for this reason
that evidence of Prolamn A in the urine should never be

accepted as a positive Aschheime-Zondek reaction,

In investigating the occurrence of this hormone,
urine was injected into irmature mice, and the technique
employed was the same as that used in the Aschheim-Zondek
tests. Some of the urineswere concentrated, others were
not. The results will be classified according to the
clinical oconditions of the petients whose urines Were

examined.

I. At the Menopause
A% this perlod, owing to the ocessation of ovarian
funetion, there is a necessary readjustment of the endocrine
balance in the body. It is not surprising, therefore, that

most workers have oocasionally found Prolen A in the urine

98

at this tinme. Hannan actually states that out of

12 cases examined he obtained 4 positive pregnancy reactions,
Zondex™"®

hormone in the urine of menopausal patients : he 1s of the

reports the occurrence of the folllcle-stimulating

opinion that it appears late in this physiological process,
Fluhmann82 , who examined blood sera, found that at the

onset of menopausal symptoms, 33 per cent., of patients had
demonstrable quantities of Prolan A in the ocirculation. At
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a later stage in, or just past, the menopause, he shewed
that five patients out of seven had this hormone in the

blood-stream.

I exemined the urines of 6 women who were at, or

about, the menopause, eand obtalued the following results :

Nolage Sympteme Prolan A|Urine
1 |50 | Irregular menstruation. "Hot Nil c
flushes" 2 years

2 |43 | 3 months' Amenorrhoea + HeCo
3 |42 |Irregular menstruation."Floodings™| Mice c

‘ died

4 |50 |8 months Amenorrhoea + NeCeo
*5 |48 |Menopausal bleeding Nil NeCo
% (47 |Irregular menstruation + N.Ce

C = concentrated urines NeCew non-concentrated urine.

* = Case No.52 of pregnancy diagnosis series.
% = Case No.23 " " " "

Of these 6 urines, one killed the mioe, three
contained the hormone, and $wo di& not. It is to be noted
that those patients who exereted the hormone had only had

menopausal symptoms for a short tine.

Zonnek179 in discussing the reason for the excretion
of Prolan A at the menopause says that 1t must be because
(1) The ovaries sannot utilize it, or

(2) The functioning ovary normally exerts an
inhibitory action on the pituitary,.
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He points out that since hypophyseal transplants
will stimulate the senile ovary of a mouse or rat, the first
view cannot be accepted and the second must be the true

explanation,

II. After Castration
Fichera78 in 1905 first deseribed the hypertrophy of

the pituitary which follows removal of both ovaries,

Blair Bell®® oconfirmed this finding and described the
microscopical changes which occure He found that there is

a marked inorease in the number of eosinophils, and a less
noticeable inorease in the number of basophils., This
variation in gell type has been much discussed, and some
observers consider that the changes ocourring are degenerative
ones, However, Evans and Simpsonvo have found that
bilateral gonadectomy, performed prior to removal of an
animal's pituitary for transplantation experiments, increases
the potency of such transplants. In addition, Zondek184 ’
and Fluhmanneotaa have demonstrated the presence of Prolen A
in the urine and blood serum of patients following bilateral
oophorectomy. These two faots seem to prove conclusively
that the pituitary changes are not degenerative, but hyper-
plastie,.

Zandok;84 says that, after castration, the follicular
ripening hormone can be found in the urine in quantities as

large as 150 RJU. per litre.

An attempt was made to verify these findings and the
following results were obtained -
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Results
<
w3 Time after o
()
S = Operation Notes operation at '3 a
3 |0 which test o 'g
N was made. o =
1 |42 |Panhysterectomy for menorrhagia 14 days Nil c
2 |31 |[Bilateral Salpingo-ocophorectomy 14 " N1l c
r Pelvic Infection 6 wecks + c
3 |42 |Panhysterectomy for cystic | 11 days +4 N.C.
ovaries and endometrioma | &2 - " N.R. |N.C.
., 56 i Ni N.C.
4 |41 |(Panhysterectomy for Pelvic f 3 " Nil N.C.
Infection. _ | & " Nil N.C.
| 14 Nil c
| 24 " Nil1 |m.c.
[ Nil |XN.C.
5 |51 |Panhysterectomy for Fibro- 5 R ni1 |u.c.
Poll, myomata Uteri 14 " Nil |U.C.
|
6 |55 |Panhystercotomy for Ovarian [ 11 " Ni1 |N.O.
P.M. |Cystadenoma .18 " Nil |N.C.
7 |69 |Panhysterectomy for Ovarian 20 " Nil |N.C.
P,ll, [Cystadenoms
8 |38 |Panhysterectomy for Fibro- 18 " Nil |N.C.
myometa uteri. Ovarian Craft g 28 " Nil N.C.
| 86 " Ni1 | ¢
- [ 70 " Nil c
l
9 |29 [Bilatersl Salpingo-oophorectomy 14 " + C
for Pelvig Infection. Ovarian Graft
10 {40 [Panhysterectomy for Fibromyomata 14 5 * ++ c
uteri and ovarian endometriomata. 42 4 + o
m Ovarian Craft.
P,M. « Post-menopause
N.C. « non-concentrated urine > goncentrated urine
N.R. . No result becsuse mice died.
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From this table it is seen that 4 patlents, under
the menopausal sge, had bilateral oophorectomy without an
ovarian graft, Of these, 2 shewed Pralan A in the urine
subsequent to operation. In one, the hormone appeared as
early as the llth day after castration, but was not present
later : 4n the other, it was not found until six weeks
after the removal of the ovaries. This small number of
cases does not enahle one to say at what time the hormone
usually appears, and disappears, but Flulmann82 obtained a
positive result as early as the 9th day, and as late as
14 years after the 6peration.. He also found that same
urines which had been negative at first became positive
later ¢ this is well shewn by Case 2 of the above series,
and is perhaps a reason why negative results were obtained
in some of the other cases. 1In Case 3, Prolan A although
present at first, disappeared later : this would seem to
infer that 1ts ocourrence is merely a temporary effect of

the endoerine disturbance.

This variation in the time of the occurrence of the
hormone is in accordance with the findings of Rasslol4a
who shewed that the changes in the pituitary occurred
sometimes as early as five days after castration, while in
others a considerable time elapsed before they were manifest.
Moreover, Blair Bel12%® in 1913 said "removal of the ovaries
appears to exert a certain influenoo‘over the seoretory
function of the pituiltary body....... .o But in my

experience the change is moderate and not quite constant.....,
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eesesesecse o I believe the effeot is more or less temporary",

This over-activity of the hypophysis, since 1t oocours
both at the menopause and afier castration, is obviously due
to the removal of ovarien stimmlation. As to what ovarian
faoctor is concerned there appears to be some dispute.

Kraulll? quotes other workers who have shewn that injections
of oestrin after ecastration will prevent the changes ocourring
In the anterior pituiltary. However, Flulmann and Kulchar8d
elaim to have shewn that the appearance of Tcastration' ocells
in the hypophysis is not relafed to a diminished amount of
oestrine Flumamn®® found that constant administration

of the follicular hormone to castrated rats over a period of
three months, failed to prevent the typical pituitery changes.
But Mahnert and Siegmundl®l gemonstrated that injection of
ocestrin into a normal animal delayed ovulation, and sinoce

the latter event 1s now known to be dependent on the
pituitary, it is probeble that an excess of ocestrin in the
body diminishes the Prolan A output, and vice versa.

On this assumption, it is possible to explain the
periodic ripening of the normal Graffian follicle. When no
follicle is ripe, and no oestrin is formed, the hypophysis
secretes the folllocle-ripening hormone. This, having
fulfilled its funotion, and thereby brought about the
production of oestrin, the latter hormone reacts on the

pitultary preventing further secretion of Prolan A,



Fig.21l. Test mouse and control mouse shewing ovarian and
uterine enlargements due to Prolan A in the urine

of & woman 14 days after castrastion. These animal®
were from case 10.

Fig.22 A microscopical section of sn ovary of the mouse 80°8

in Pig.21. This shews folligular ripening due to the
pituitary hormone. X 45.
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Returning to & consideration of the other results
that I obtained, it is seen that in throe cases the patients
were past  the menopause bhefore their ovaries were removed.
None of these women shewad any Prolan A in the urine : this
finding fits in with the above hypothesis.

In the three remaining cases, the patients had en
ovarian graft made into the rectus abdominis musole. One
would expect that in these instances no pituitary hormone
would have been found in the urine, yet it ocourred in
censiderable quantities in two of the caces (see Pigs.2> & 22).
However, enquiries into the operative details of these two
cases, revecl that in both, the ovary was so diseased that
only a very smell portion wes available for grafting. £1though
this, in one petient was sufficient to pramote the continuance
of menstruation, yet one can imagine that thore would be a
conslderable reduction in the amount of funetional ovarian l

tissue. |

It is interesting that Flulmenn®® found that whereas,

after operative or radiation castratiom, at the menopause,

and in éama patients with prolonged periods of emenorrhoea,
the folliole-stimulating hormone appeared in the urine, yet

in women with scanty and infrequent irregular menstruation,
no hormone was found, This he attributes to the fact that

in the latter conditions, the hypo-oorhorism is merely
seocondery to & hypo-activity of the hypophysis. Again he



=115

found Prolan A in some cases of menorrhagia, and severe
dysmenorrhoea : this he explains by assuming that the under-
lying ceuse of such conditions, is hyperactivity of the
anterior lobe of the pituitary.

It seems, therefore, that providing there is no
primary pitultary dysfunction, Riddlel4° has expounded the
nost acceptadble view when he says "the gonad hormones, and
the gonadwstimulating hommone of the pituitary elosely
control each other, Injection of gonadal hormones of either
typre, male or female, depresses the release of the gonad-
stimlating hormone by the pituitary..........s On the
contrary, when the amount of gonad, or its hormone output,
is small, the pituitery then furthers its growth and hormone
secretion by supplying an effectively large amount of the
gonad~stimulating hormone." ‘

In view of these findings, and in view of the fact
that animals give a negative pregnancy test, it is of interest
to know if pituitary hormones are excreted in the urine of
castrated animels. Kraulll® found that the hypophyses of
rabbits after removal of the ovaries, produced greater
Prolan A and Prolan B effects when transplanted into immature
ratss I removed the ovaries from six rabbits and collected
subsequent specimens of urine in a metabolism cage. On

testing these specimens on immature mice, the following

results were obtained :
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Expy Age of Operation rTime aftoi Prolan Al Urine
Aninnl oporation| in the
Urine
b § Adult Bilateral oophorectomy 13 days et C
4 weelks 4t c
6 weeks | MeDe c
10 weeks | N1l c
2 Adult Panhystereotomy 14 days | MaD. c
4 weeks | N1l C
7 weelks | N1l ¢
3 Adult Eilateral oophorectomy | 16 days | Nil c
4 |12 weeks | Bllateral oophorectomy | 9 days A+ C
8 Adult Bilateral oophoreotoany | 10 days eDe NeCo
0 * Nil ¢
20 ©* oDe C
O weeks MeDe NeCo
s " + C
¢ " Nil c
e ” e«De c
6 Adult Bllataeral ocophorectauy.| % days [MeDe TeC.
Rabbit died 6 days laber

¢ = concentirgteuw urine.
NeCow nonesoncentrated urine.
VeDe= mioce died.

One of the rabblis dled eix duys after operation, and
so cannot be considered in assessing the results. Of the
remaining five, two definitely, and a third doubtfully, exoreted

Prolan A in the urine svbsequent to carctration.

The hormone was prasent @8 early as nine days after

operation, but judging fror experiments 1 and 5 it wouldeappear
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that its ocourrence is only temporary. One of the rabbits
(Expt «4) had not reached puberty at the time of the operation
it is, therefore, intcresting to notice that the pituitary

hormone was found in the urine in this ocase,.

The finding of the hypophyseal hormone in the urine of
an animal is remarkable : it at least proves that the pituitary
of & rabbit is capable of produciug 1t in quantities sufrfioient
to be demomstrable in the urine.s It, therefore, offers a
st11l further link in the chain of evidence pointing to a
placentel origin of the hormones found in the urine of a

pregnant women,

III. After T idect
Sohilder+4? 4n 1911 first shewed that histological

changes occuy in the pltuitary in conditions of thyro-aplasia.
Blair Bell®5 4n 1913 desoribed in detail the hypophyseal
changes following thyroidectomy in animals., He said that
there is an inerease in active eosinoplil cells at the expense
of the basophils ¢ there is also an inorease in chromophobes
such as ocours normally during pregnancy. In view of this,
he concludes that "thyroldectomy causes an increase in the
secretory activity of all parts of the pituitary body". The
same author says that there is more hypophyseal activity
following thyroidectomy than following oophoreciomy. However,
Bryant37 although finding an inerease in chromophobe cells in
the pituitary of a rabbit after thyroideotomy,does not believe
that the activity of this gland is increased.



~118«

&ai'hhlsg

leads to atrophy of the thyroid, and that this effeot cam be

shewed that ablation of the anterior pituitary
prevented by pituitary tiransplantse. Later, Kvans and Sim.pson69
went so far as to suggest that the anterior lobe of the
hypophysis secretes a separate principle whose sole function
is to stimulate thyroid activity : they quote the work of
Smith as pointing to an assocliation between the eosinophil cells
and this active prineiple. Crewe and Wiesnerlvs have lately
produced more evidence in favour of the presence of a separate
thyreotropic factor in the pituitary : thie they call the
'thete factor's Within the last few months, Gant94 , While
working with the amblystome Jeffersonianum, has found that
heteroplastic anterior pituitary transplents result in an
increased ectivity of the thyroid glend, and that secretion and
discharge of the follicular colloid is stimulated. Silvorb011%37
has also shevn that injections of hypophyseal extracts

gtimulate the thyroid in guinea pilgs.

The bulk of evidence, therefore, points to a thyroid-
pltuitary relationship whioh ie somewhat similar to that of
the ovary and the pituitary. In viev of this I decided to
make tests Lo see if there was any evidence of the exoretion
of pituitary hormones rollowing removal of the thyrold
influence from the bodye Total thyroidectomy cannot be
perfofmed in the humen being so I chose patients who had had
approximately five-sixths of the gland removed for exophthalmic
goitre, This choice was made since it was felt that such
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patients, more than any others, would be subject to an

Irmediate marked decrease of the thyroid secretion in the body.

Results
Case |Sex of | Time of Test in relation Prolan A | Urine
Patient to Operation. in the
Urine
p | Male Before operation Hil | NeCo
5 days after operation Nil NeCo
" " A oW M .D ° °
2 Male |10 days after operation 4+ NeCoe
16 " " " + c
22 " L " Nil c
Male 3 days after operation Nil NeCoe
4 Male 12 days after operation T+ c
8 Female |Before operation Nil NeCo
9 days after operation T+ c
6 Female|ll days after operstion Nil c
7 Female |Before operation Nil NeCe
9 days after operation + c
1l days 2 . + c
18 " ” " + c
8 Femsle| 7 days alfter operation +4 NeCo
9 Female |12 days after operation MeDe NeCe
13 gy " " Nil c

NeCe = non-concentrated. C e concentrated.
MeDe = Mice died.
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Out of the 9 coces exanined, in three definitely, and
in two others doubtfully, a hormone, whose action was siuilar
to that of Prelan A (See Fig.23), appeared in the urine
following remowal of the grenter part of an over-active thyroid.
It was present as early as the geventh day, end in Case 2 1its
occurrence was only temporary. Possibly if the whole gland
was removed, all patients, mele and female, would excrete the
homone subsequently. It would be laterestlag to perfoim
total thyroidectomy on snimels and Vo exarmine $ieir urine
subsequently : up to the prosent, I have had no opportunity
for doing this.

Blaixr Eellas enewod inoreased activity of the thyrold
followinz oophorectomy : in the light of present knowledge,
1% may be conjectured that this effect is only secondary to
the pitultary hyperplesia which follows castration. In the
same way it 15 posaibl& to explalin the enlargement of the
tlyroid which sometines occours et puberty in patients with
hypo-~oophorism. The inoreased thyroid activity during
pregnancy may be the result of the large amounts of Frolamn A,
or an associated 'theta factor’, 1n the ciroulation, or may be
secondary to a diminished ovarian activity at that time. This
theory is borne out by the work of R1da1e*4® who shewed that
there is a regrossion 1# the thyroid of doves during periods

of ovarian aotivity.

out of this mass of evidence one arrives at e possible

explanation as to why thyroid therapy has been found to be



Fig.23.(a) The ovarisan responses resulting from injection of the
urine obtained from s woman 7 days after partial {nfer®
thyroidectomy (case 8). The follicular ripening with
the presence of either Prolan A, or of s hormone
a similar sctions, X 45,

: 1
150
Pig.23.(b) The ovary of = normel immature mouse used as & 0P
in the above test. X 60.
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effeotive in enuuring the continuance of pregnancy to term 4in

- theose women who hove hed a series ¢f cbortions and preomature
labours for no obvious roaszon., The etiology of these
conditions mey »e related to an incroacsed rolen A, or oestrin,
output t in either cose administrntion of thyrold will tend to
inhibit the hypophyseol eetivity, and to diminish its secretion

of the folliole=iipening hormaone.

IVe In Maligment Discase
ZondekiB4 way the first to stress thet a malignant

neoplastio condition in o patlent often resulted in the
appearance of Prolan A in the urine. He found that 8l.8 per
cent. of female patients with genital carcinoma exereted the
hormone in the urine. It ocourred in smounts as great as

200 RéUes per litres« In cases of extragenital carcinoma, the
percentage of positive results was only 36. This writer also
maintains that the presence of the hormone had no relation to
the age of the patient, and was not assocclated with the

mnenopaunses Moreover, it did not depend on the type of tumouls

Dingemanse and his oo-workarls5 found an excess of

oestrin in patients suffering from malignent conditions,

I hove investigated the hormonie content of the urines
of male and female patients suffering from malignant neoplasns
in various parte of the body. It has =lready been pointed out
thot such urines are very toxie, and in most cases the

concentration process was adopted. All the clinical diagnoses

were confirmed by operation. or post-mortem examination.
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Boag;ts
Male Patients
(4) Genital Carcincma
Cuse Disease Prolan a Urine
1 Teratoma of Testis ? 4 NeCo
- Secondaries in Lungs
2 Sarcomna of Tastis Nil Cc
3 Epithelioma of penis + c
4 Sarcoma of Testis MeDe NeCe

Out of the three ocases in whioch & result was obtained,
one definitely had Prolan A in the urine, and another probably
had small anounts.

case of chorion epithelioma of the testis ¢

come within my notice since I begen this investigation.

(B) xtragenital Cercinoma

It would be of interest to investigate a

no such case has

Secondaries in Liver

Case Disease Prolan A | Urine
 § Carcinoma Ventriocull Nil c
2 Carcofnoma Ventricull Nil c
3 Carcinoma Ventricull Nil c
% Carclnoma Ventriocull MeDe WeCo
5 Carcinoma Ventriculi Nil NeCe
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Extragenital Caxcinoma (contd. ).

Case Disease Prolan A Urine
6 |Carcinoma Coll Nil NeCe
7 |Carcinoma Coli Nil NeCo
8 |Caroinoma of Kidney. MeDe c

Metastases in Lungs

9 |Sarcoma of Mediastinun Nil c
10 |Retro-peritoneal sarc il C
1l |Sarcoma of Femur Nil c

A result was obtained in 9 instances : in none was
there any evidence of the pituitary hormone.

Zondek®4 found that 13 per cent. of male patients
suffering from malignant disease, gave a positive test for
Prolan A, Taking both of the above series together, 2 out
of 12 patients excreted the hormone in the urine, that is

1646 per cent,

encle Patients
(o) Genital Carcinoma

Zondokla4 demonstrated Prolan A in the urine in
almost all cases of genitel carcinoma. He said that

82,5 per cent. of cases of Carcinoma Cervicis were
positive.

75,0 per cent, " " " Carcinoma Corpus Uteri were
Positive,
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7540 per cente of cases of Ovarian Carcinoma were
positive,
100.0 per cent., " " " Epithelioma Vulvae were
positive,
I performed 24 tests on the urine of 17 patients. In

7 of these tests, no result was obtalned.

Negleoting those tests in which the mice died, my
results, suwmarized, shew that in :-
Carcinoma Cervieis 1646 per cent. of patients have
Prolen A in the urine,

" Corpus Uterl 6066 per cent. of patients have
rolan A in the urine,

" Vaginae 750 per cent. of patients have
Prolan A in the urine.

= Vulvae 5040 per cant, of patients have
Prolan A in the urine.

The one case of carcinoma of the ovaries had no

Prolan A in the urine.

The detailed results were as f{ollows :-



Pig.24.(a) Shewing follicular ripening produced by the injection
of urine obtained from & woman suffering from cercinoms
cervicis (case 6) x 45.

Fig.24.(b) Ovary of a normal immature mouse used as control
in the above test. x 45.
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Bée Figa4

Ovaries

Case Disease Prolan A Urine
1 |Carcinoma Cervicis 1) Mice died N«C.
ce die (¥
2 " " ﬁi; Mioce died l‘é.C.
) " " 1) Nil NeC.
N 4]
| & | -~ " NiL c
R = o Nil (I
6 " " (1) Mice died c
1) + 4+ c
" " Nil ]
Carcinoma Corpus Uteri m Mice died NeCe
* L
9 " " » (1) Mice died Nl.Co
(ﬁLMioe died NeCe
(414 + C
:Q " " " N!a N!G,
| 11 |Carcinoma Veginae(Pr ) + L
12 " " ; N1 c
13 [Careinoma Veginae secondary ++ c
to hysterectomy for Carc,
_._ter_vi_w
14 arcinoma Vaginae secondary + c
to hysterectomy for Caxrce.
Cervi
ithelioma Vulvae - Nil HoCeo
16 n " ++
17 [Bilateral Carcinoma of the Nil
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B. Ext Carcin
Case Disease Prolan A Urine
i I Carcinomatosis Peritonsi 1) wil NeCo
? Primary site i1) M.De NeCo
111) MeDe c
2 Carcinoma Coll 1) MeDe NeCo
11) =+ c
3 Sarcoma of Spine Nil NeCe
5 Sarooma of Clavicle Nil c
5 Sarcoma of Femxr Nil c
6 Caroinoma Ventrioculi Nil c
7 Carcinoma Mammae 1) Nil N.C.
(encephaloid) 11) MeDe C
1i1) MeDe C

0f the female patimnts suffering from extragenital
carcinoma and sarcoma, only one out of seven (1.0414 per cent.

had Prolan A in the urine.

A final series of tests were made on rabbits
innoculated with the 'Brown-Pearce' tumour. The growth was
extensive in each animal whose urine was examined, Altogether
the urine from 8 rabbits, the serum from another, and ascitio
fluid from a tenth, were testeds 1In every ocase I falled to
demonstrate the presence of Prolan A or any other homone.
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It is, therefore, rare to find Prolan A in the urine
of male and female patients suffering from extragenital
carcinoma : only once was it demonstrable in such conditions,
On the other hand, its occurrence is camon when the malignant
disease has its site in the genitalia, There is no doubt
that the appearance of this hormone is assoociated with the
presemoce of the growth, since in the two cases of carcinoma
corpus uteri which gave positive results, Prolan A disappeared
fram the urines within ten days of hysterectomy. loreover,
Zcmd.al::I'B4 found that not only did the pituitary hormone
vanish from the urine after removal of the growth, but that

1t reappeared in the presence of a recurrence.

It 1s difficult to explain why malignant tissue
should be assoclated with the excretion of Prolan Ae It |
may be :- |

(1) That the growth actually manufactures the hormone.

Since Blair Bell has expounded the view that the |
behaviour of malignant tissue resembles that of the *
chorion, this may be passible. However, I have |
extracted tumours, both human and animal, and have
falled to demonstrate the presence of any hormone in
such preparations. Moreover, if this explamation was
correct, one would expect that any growth whether it
oocourred in the genitalia or elsewhere, would produce

Prolan 4,

(11) That the growth may stimulate the pituitary to inoreased
) aotivity.
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In favour of this view, Zondek}®4 states that
many investigators have found 'pregnancy changes' in
the hypophyses of patients suffering from non-benign
neoplasmse Again, Berblinserz7 shewed that
injection of any protein would produce pitultary
changes, and he considers that in the case of tumours,
the products of tissue breakdowm can have this effect.
One feels, however, that this theory is untenable,
since it does not account for the fact that only
genital carcinoma produces Prolan A exoretion.

(111)That the presence of the growth in the genitalia aots
as an irritent which gives rise to impulses which
pass from the genitalia to the pituitary.

It is beldeved that, in the rabbit, ovulation
at the time of coitus is brought about by the anterior
pituitary which is connected to the wulva, vagina, or
cervix by a mechanism which is probably nervous. It
is likely that suoch a genito=-pituitary mechanism
exists in all species, including the human being,
though not necessarily for the purpose of precipitating
ovulation, If this is true it is feasible that the
presence of a growth in the wvulva, vagina, or uterus
will serve to stimulate the transmission of impulses
%o the hypophysis. This theory will explain why
Prolan A for the most part, 1s only exocreted when the
genlital tract is the site of the tumour.
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Zondek}®4 olaims to have demonstrated Prolan A

in the urine of patients who had innocent growths. He
found that 30 per cent. of patients suffering from fibromyomata
uteri exereted the homone, but in no cases of innocent

ovarian tumours did he obtain a positive result.

I only investigated such conditions in the course
of perfofming pregnancy dlagnosis tests ¢ 1n every ocase of
ovarian cyst or fibromyomata uteri I failed to find any

hormone in the urine.

Vi, seases of the orine Glands

It is possible that pathological conditions of the
| thyroid, suprarenal, and pituitary might, on occasion, result
in the appearance of the hypophyseal hoxrmone in the urine,
From what has been said, one might expect that in hypothyroide-
ism Prolan A would be formed in large emounts. I examined
one case and no hormone was found in the urine. All the
patients with exophthalmioc golitre gave negative results
prior to operation, A case of diabetes insipidus, assoclated
with & posterior pituitary tumour, likewise had no demonstrable
emount of the anterior lobe hormone in the urine, However,
this specimen of urine had such a low specific gravity that
the result wes of very little significence. No Prolan A was
found in a case of Addison's disease. Lutein oysts of the

ovaries have been reported in association with anterior

pituitary tumours (kraulll®) : these were undoubtedly due to |
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an excess of Prolan B, Other observers have found Prolan A
in aocromegaly : I tested the urine and blood serum of one

nale aoramegalic and obtained negative results.

The Significance of the Hormones during Pregnancys

est and the Co 8 Lut Ho e

It 1s well known that, in meny respects, the
follioular and the corpus luteum hormones are antagonistioc.

Ovulation does not occur in the presence of an active

cormus luteum. Injection of ocestrin during pseudo-pregnancy
over-rides the action of the eorpus luteum, snd prevents its
sensitizing action on the uterine mucosa, It is diffiocult
therefore, to explain the abundance of oestrin during
pregnancy since this is essentially a luteal phase,

Ao Growth of the Uterus
In any normal uterus oestrin produces increased

vascularity, hypertrophy of the gusculature, and some
endometrial hyperplasia (Allen and Doiay7 )e Cordua®
produced intense enlargement of the uterus by ovarien hormone,
but found that 1 cc. of pregnancy serum had more growth-
promoting power than 40 units of folliculin., It 1s probable,
therefore, that oestrin is the factor respomsible for the
enormous development of the uterus during pregnancy. This
assumption is borne out by Gander®® who shewed that this
hormone actually produces an inersase in length Of the muscle

fibres,
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On the other Land, the ocorpus luteun hormone, although
it may assist in musculer development, acts primarily on the
endonotriume This action is to cuuse a further proliiferation,
and a developnont of the glands up to the formation of
secretions In addition, the corpus luteun sensitizes the
ondonetrium so0 that it reanocts to any stimlus by a deciduona
formatione »1len® has shewn that this hormone hes no
action on an ondometriwa which hes not previously beon
‘subjected to the influenee of cestrin, Clauberg® has
outlined the modefn conoception of the aetions of these two
hormones, and states that the corpus lutoum ie not essentially
a growthepramoting end proliferative howmene like oestrin,
but rather a speeifio hoymone of the uterine mucosa in the
pro-gravid phase, and evidently only cumes into effeot if
there is proliferation of the muoosa already present.

Be Uterine Contraotions
It has been stated that the onset of parturition
dopends meroly on uterine growths Allan end ma have
pointed out that this cannot be true since patients with
an abdeninel ;regnency have a false labour, and moreover,
expulsive contractions of the uterus occur in overy case of
abortion, Uterine contractions are, thersefore, probably

assocloted with some faetor in the blcod stroem,

Meny workers have showm that the uterus of a rabbit |
fails to rospond to pituitrin 4f 1% has bheen previously
sreated with corpus lutoume It 48 also a well-known fact
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that the yellow body is essential to the continuation of
pregnancy during its early stagess Knauullo has
domonstrated that pituitrin has no effect on the rabbit
uterus during the early steges of pregnancy and during
pseudo-pregnancy, but that during the latter half of
pregnancy, and associated with & diminished corpus luteum
aotivity, the sensitivity of the uterus gradually increases,

and reaches a nmaximus at term.

Blair?8 » and Frank and his oolleaguoaag have
found that the contractions of an isolated uterus vary
according to the time in the oestrus cyole at which the
organ 1is removed, Another interesting fact is that in
such animals as the mouse, guinea-pig, and rabbit, oestrus
always occurs immediately after parturition. This infers
that, at that time, there are large cucunts of oestrin in
the circulation. S:mithle3 s and Parkes and Bellerby152
have produced abortion at all stages of pregnancy by
injections of oestrin into rats and mice. Brouha and
Simannota‘ have shewn that this is due to an increased

sensitivity of the uterus to the action of pituitrin.

Oestrin and the corpus luteum hormone are therefore
antagonistic in their effects on uterine muscle : the first
increases its sensitivity, the second diminishes it. This
fact has lead to the development of a theory explaining thﬁ
qnsét of labour : this says that prognancy continues while
Prolen B and the corpus luteum are in the ascendancy, but
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that if cestrin becomes dominent the pregnancy is terminated.
illen end Dodds® expounded this view, and pointed out that
the ertificial precduction of an abnormel gquoantity of

luteal tissue at the end of pregnenoy interferes with the
normel mechanliam of purturilion, and so leads to a prolonged
gestation period. Hikloslze also obtained this effect by
the injection of corpus 1uteum'6xtra0ts into animals hear
term. Burn and Bourne“® elaborated the theory and reported
a series of experiments on the isolated guinea plg uterus.

in theae they shewed that cestrin and pituitrin.had a synergie
effect on uterine comtractions. They d:monstrated that the
addition of oestrin alone caused a slight increase in tone
and produced better contractions. The combined action of
the folliocular hormone and pituitrin produced e muscular
contraction almmst twice as great as one obtained with
pituitrin alone, '

Since I had found excess of oestrin in the urine of
patients in the flrst stege of labour, it was decided ﬁo
perform a similaxy type ol experiment, I intended to
demonstrate that a synergic effect could be obtained by the
use of pituitrin together with the urine of a patient in
laboure It wes expected that different results would be
produced by such specimens of urine ae compared with the
results obtained if the urine was taken from nonepregnant
patients, or patients in the early months of pregnancy.

The isoclated uteri of the guinea pig and the cat,



Fige258. Urine B. was obtained from a patient in the first

labour. The tracing shews ¢

contrection on its own (b) : when it is added together with
pituitrin, a contraction is obtained (e¢) which 1s almost
twice as great as that obtained by pituitrin alone (a & &)
Identical tracings were obtained with urines from non=-
pregnant women, and male patients,

stage of
hat such urine produces &

Fige26. Uterine contractions produced by the addition of urine alonée
The urines of patients in early pregnancy (C),

of males, 8%
of women in the first stage of labour (B), all
results.

gave the S&me

i\)

(w)

of
Fig.27. Shewing that if the urine of a patient in labour is aeprived

oestrin by ether extraction, it still produces & contractio?

‘111)’ md that this caﬂ:l‘ﬂcti % Y same one
on is practically,as the
obtained by the addition of the urine prior to its extraot1°n

(11)+
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pregnant and non-pregnaht, were used. The muscle prepareations
were suspended in 100 co. of Ringer's solution, and

quentitios of urine,varying from one drop to 5.0 cc., were
added. A1l the experiments were repeated several times and

the sane results vere obtained on every occasione.

o

Experiment 1.

Urine from a patient in the first stase of labour was
useds, Vhen this was added to the Ringer's solution, a rise
in muscle tone resulted. Addition of one spot of pitultrin
imediately afterwards produced a contraction which was
almost twice as great as the contraction obtained by
pitultrin alone (Fige25)e These traocings were almost
identical to the ones published by Bourne and Burne However,

this result could not he ecconted without a oontrol experiment.

Experiment 2.

Here, urines from nales, and non-pregnant women, were
used., It was found that not only did such specimens produce
contractions when adnministered alone (Fig.26), but a
synerglic effect was nohiced when they were used in combination
with pituitrin, The tracings were exactly the same as those

obtained in experiment l.

Experiment D

Ether axtracts of the urines of parturient, and non-pregnant
wonen, were prepared by a standard teclmique. It was found
that such extrzets ell had the sene effeot in increasing the
motility of the uterus no matter whether they contained oestrin

or whether they did not (Figs. 27,28 and 29).



Pregnatt Cat Uterys

Pregnart Cat Uter
Time 30 secs 'ebnai( Cat Uterus

me 30 sees

Fig.28. There is a synergic effect obtained Fige29. An identlcal synergic

if pituitrin is added to a pregnant effeet is produced ir
cat uterus which has been previously an extract of a non-
exposed to the esction of an ether pregnant patient's
extract of parturient urine (a). urine is added prior
The contraction is greater and more to the addition of
prolonged than the one obtained pituitrin,

with pituitrin alone (b).

(£)

Filg,30. Shewing the effect of sera on the motility of a guinea pig uterus,
The contractions are similar even if the sera are obtained from
(1) a non-pregnant patient (1i) a patient in labour (iii) the
umblilical coxd.

; Gnmup‘s Uterus
R
Twne30secs

[ duces & small
Addition of the serum of & patient in labour pro

contraction (a)e If pituitrin is added immediately afterwards,
the contraction resulting (b) is no greater than that obtained

with pituitrin alone (e¢).

nE'Slo



Hovever, Perert®®  4n 1030 shewed that injeotions of
blood taken from a patient in labour, would induoce the onset
of parturition in 50«60 per cent. of women in the last weeks
of pregnancy. In view of this,experiments with urine were

abvendoned, @nd those vwltlh blood serum substituted.

Experiment 4.

Blodd sera obtained from non=pregnent wamen, patients
in labour, and from the umbilical cord, were used. In all
cases, and irrespective of their oestrin content, addition
of sera alono producoed small uterine contractions (Fig.30).
The camtraoctions obtalned by a ocmmbination of serum and
pituitrin were no greater than those obtained with pituitrin

alone (Figse3l and 32)., Bourne and Burn32

pointed out that
the synerglic effect was best seen on a fatigued muscle.
Pigure 3% shews that no syneric effect was obtained in these

tests even when sugh a muscle preparation was usede.

Having failed completely to obtain the expeoted
results, I repeated the original experiments of Bourne and
Burne Thé oestrin preparation used by these workers was
menformon, which, they admit contains small quantities of
protein, In the rollewiag testa theelin, an aqueous
solution of the pure orystalline hormone, was used : this

contains 50 R.Ues per cce.

Experiment S.
wuantities of theelin, varying from one spot to 03 cc,

were added to the Ringer's solution. Addition of this



Non pregnant  Cat  Uterus

Fige32. Shewing absence of any synergic effect between pituitrin
and the serum of a patient in labour : the test object
was the non-pregnant ocat uterus.

Fige33, Shewing absence of any synergic effect between pituitrin
and the serum of a patient in labour even when they were
tested on a fatigued guinea pig uterus.

Fige34. This tracing shews that no synergic effect is demonstrab}e
when pituitrin and 0.3 oc. of theelin are used together :
the contraction produced (o) is identical to the ones
Produced by pituitrin alone (a & d4).

Zige35  In this experiment one drop of theelin was used. Again 10
Synergic effeot is seen.
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principle alone, produced no obvious change in the uterine
motility, except on one occasion when 0.3 oc. caused a slight
contraotion (Fige34)s The addition of pituitrin subsequent
to that of theelin produced contractions which differed in
no wey from the ocontractions obtained by pituitrin alone,

No synergic effect was seen (Fig.35).

It would appear, therefore, that the effects
obtaincu by Bowrne and Burn were due to impurities whioh
were present in the ovarian preparation used. Since performing
these experiments I have found that Heller and Holtzlo0 who
used theelin, also failed to confirm she results of the

ahove workers.

From this, 1t might be assumed that oestrin is
perhaps not so important a factor in the onset of labour,
However, in face of all the other circumstantial evidence, ;
it does not appear %o be permissible to contend that such
experiments , performed in vitro, prove that the folliocular
hormone does not sensitize the uterus and so bring about the
onset of labour. One feels that work in this connection
should be performed on a uterus in situ : 4n support of
this, I quote the work of Reynolds ahd Friedman142, who

shewed that intravenous injeotions of vhe serum from a woman

in the early months of pregnancy i.liibited uterine oantraotion&

|

Moreover, Reynoldn148 has recently siudied the cmtractions
of uterine fistulae in rabbits, and has shewn that :=- |
(1) The uterus in situ always contracts more strongly

during oestrus.
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(11) The contraotions cease completely if the ovaries
are removed.
(iii)The contractions return if an ovariectomised

animal is injeoted with theelin.

In view of these experiments, together with the
faots cited previously, there appears to be no doubt that
oestrin is intimately concerned in uterine contractions.
Moreover, the ocourrence of oestrin in large amounte in
the urine during early pregnancy, we still believe to be
significant of the fast that the pregnaency is likely to
tecrminate in the near future. 4As to the exact role which
oestrin plays in this process, there is still some doubt,
since my experiments have shown that the work of Bourne and

32

Burn was fallacious.

It is interosting to note that Kosakad 111 has
lately found that the uterine contractions in a rabbit
ceased after removal of the pituitary. These contractions
returned if suoch snimals received injections of placental
extracts. He concludes that the placental hormones affect

primarily the posterior pituitary, and through its secretion,

the uterine motility leading possibly, in pregnancy, to
labour contractions. However these results can be expluined
quite easily in terms of oestrin. Hypophysectomy would

stop ovarisn function, and the oestrin of the placenta would
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be sufficient to cause a return of uterine contractions.

C. laotation

Castration results in breast atrophy. Koreover all
the earliest workers found that the ovarian hormone produced
hypertrophy of the mammary glands in 8 non-pregnant animal.
Parkeslso revicwed the literature on the subject snd pointed
out that the hypertrophy obtained in these experiments was
only equivalent to that found at ocestrus : lactation never

ensued.

knausll® shewed that proliferative changes occurred
in the breasts of a rabbit up to the sixteenth day after
coitus. The mammary condition then remained staticnary until
after delivery. This proliferation period coincided with
that of corpus luteum activity. It i8 now generally
believed that although oestrin commences the breast changes,
it is the corpus luteum hormone which is responsible for the

true development which occurs during pregnaney.

Cutler®® in discuseing 'painful breasts' due to
a persisfont corpus luteum eseid that the "corpus luteum.....
overstimulates the bresst epithelium and the connective
tissue, and causes8 excessive hyperplasia”. Rouonburg147
also stated that the corpus luteum of menstruation, as well

as that of pregnancy, causes mammary enlargement.
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However, in the human being, cases have been reported
in whioh the corpus luteum of pregnancy has been removed,
and yet marmary development continued. In the instence
1 have oited (page 96), from the time that both ovaries were
removed, until the time of the death of the foetus, the
breasts continued to enlarge and secretion was formed.
Therefore, although the corpus luteum may cause initial
mammary development, one cannot believe that it ies essential
for the breast changes of the later months of pregnaney,

nor for the onset of lactation.

Recently, Gornor48 found that, although the mammae
of non-pregnant spayed rabbits could not be made to proliferate
beyond the normal pubertal degree of development by the
administration of corpus luteum extracts, yet transplants of
a sheep's hypophysis did csuse proliferation snd lactation
resembling that of & full time gestation. No previous
sensitization by the corpus luteum was necessary. However,
Stioker and Crueterl®5 osused laotstion during pseudo-pregnancy
by anterior pituitary extracts, and inferred that 2 primary
corpus luteum asction was essential. It is also intercsting
to note that Carnot and Bouttier?®® reported a case of
soromegaly in which the patient had galactorrhoea for three

years in spite of periods of amenorrhoesa.
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It would appear therefore, thut there is much
evidence to suggest that the final hyperplasia of the
breast, and the onset of lactation, is associated with
pituitary asctivity. Bugbee, Simond and Cr1m0838 have
even postulated the existence of a separate anterior
pituitary hormone whose function is to stimulate milk

secretion.

Park99130 produced lsotsation in animals by injeotion
of hypophyseal extracts : however he concluded that this
effeoct was secondary to the production of a large amount of
luteal tissue in the ovaries. This may be true, but, on
the other hand, his pituitary extracts may have acted directly

on the mammary glands.

If then a'pituitary'hormone is directly concerned

in this physiologioal process, it may have its origin either
in the placenta, or in the hypophysis. F.de Freitas Simooalss
failed to produce bdbreast changes by feeding castrated guinea
pigs with placenta. This evidence is of no value since it
i8 now known that Prolan A and Prolan B are ineffective if
administered orally. Presuming that the placenta is the
site of the hormone concerned in the mammary proliferation,
lagtaticn must te the result of the removal of this influence.

If, however, the pituitary is reeponsible, one may suppose

that this gland, suddenly released from its duties towards
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the genitalia, direots all its attentions towards the

mammary pglands and precipitates lactation.

D. The action of oestrin and the corpus luteum hormone

on the pituitary.

Various workers have suggested that the follicular
and the corpus luteum hormones have a direct aotion on the
pituitary gland. Baniecki®? found that injeotions of
ovarian extracte produced histological changes in the
pituitary of & non-pregnent animal : these were eimilar‘
to those found during pregnany. However, Berblingorav
said that such changes could be effected by injections of
peptone or any protein body. Moreover, good evidonce has
already been given to show that it is absence of ocestrin
which results in hyperplusia of the anterior lcbe of the
Pituitary, and that excess of the hormone probably inhibits

the activity of this pland.

118 demonstrated that the anterior pituitsry

Kraul
of an snimal which had been treated with corpus luteum
éxiragts produced excessive Prolan B effeots when transplanted
into a rat. This again, is diffioult to explain since it
infere that the corpus luteum stimulates Prolan B production :
if this were true, one would expect that a corpus luteum

would always persist in the ovary even in the absence of

Pregnancy. . theory whioh assumes that the corpus luteum
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inhibits Prolsn B production, would better explain the

6yclical formation of luteal tissue in the ovary.

With reference to the posterior lode of the pituitery,
Dixon und Marshall®® gaid that oestrin stimulates the secrction
of pituitrin and so brings sbout the onset of labour. In
view of the findinge given previously (page 134), it is still
porsible that the excessive oestrin the body is related 1o

the onset of labour by its asotion on the postoerior lobe of

the pituitary.

grolsn 3

The function of Prolan B is, undoubtedly, to stimulate
the formation of the corpus luteum : it does so in every
menstrusl cycle. In pregnaney, the plucsenta either produces,
or stimulates the hypophyeis to produce, an excess of Prolan B :

80 the oorpus luteum persiets and the presnanoy progresses.
Prolan B, thercfore, is the true hormone of pregnanaoy.
Prolan A

It is difficult to explain why Prolan A should ocour
in suoh lorge guantities during pregnancy. It hos been shown
that hypophyseal transplunts produce ovulation and abortion

118

in pregnant snimsls. ilso, loesser found that injections

0f agetone extracte of anterior pituitary produced ovulation
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in pregnant rabbits. However, there is some doubt whether
the follicle-ripening hormone of pregnaney urine has similar
effeots. FPriedman®’ stated that ovalation follows the
injection of the urine into pregnant rabbits. Jarosloe
eonfirmed this but failed to obtain the seme results while
warking with guinea pigs. loreover, Collip42 claims that
emuenine, the placental equivalent to Prolan A, does not

terminate pregnanoy.

Since Prolan A is known to stimulate ripening of the
follicles, it must be assumed that it is present only in
quantities insufficient to enable it to over-ride the Prolam B

effects.

If one believes that oestrin is formed in the
interstitial cells, it secms feasible that the function of
Prolsn A is to stimulate the pr&duotion of this hormone,
and 8o indirectly, %nflnenoo uterine growth. Cander??
shewed that Prolan i, acting via the ovaries, produced greater
uterine enlargement than oestrin. However, in ihe human
being, the ovary is not essential to the continuation of

pregnaney after the first few months.

Assuming that Prolan A has its origin in the anterior
pituitary, it is likely that its production is the result of

the diminished ovarian sctivity which occurs during pregnancy.
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However, even if the ovary is less active, there are large
amounts of ocestrin in the circulation. This leads one to
infer that when it is said that removal of ovarian 'influence’
stimulates Prolan A formation, one does not necessarily mean

that the 'influence' is oestrin itself.

But it is more probable that these explanations are
not needed, and that Prolan A arises directly from the placenta.
If this 18 true, Collip42 has offered the best solution of the
problem as to the function of this hormone during pregsnaney.
He infers that it is of potentiasl, rather than immediate, value,
and says "our conception of the physiological significance of
this sctive principle is that it is produced in the placenta
throughout pregmancy for the specific purpose of aéeuring the
continued funotioning of the ovary”. In other words, it
represent® & precaution, taken on the part of the body, to
prevent a2 temporary ovarian disuse leading to & persistent

atrophy.
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Conclusion

In conclusion, it is my intention to attempt to trace
the hormonic changes which ocour in the body during preznancy.
In doing so, I shall endeavour to give those views which seem
best subntantig}ggﬁby the evidence at our disposal, The various
evente will be stﬁted dogmatically since it would seem that so
disorderly is our present state of knowledge, that no further

advances occn be made without &« working hypotheeis,

Beginning with an unripe follicle in the ovary : this
seoretes no oestrin. The absence of oestrin, or the presence
of the corpus luteum from the previous ovulation, stimulates the
pituitary to cease Prolan B production, and to conmence the
formation of Prolan A. This prineiple vauses the folliole to
ripen and to secrete ocestrin. Meanwhile the corpus luteum has
degenerated. The follicular hormone acts on the uterus csusing
inoreased vascularity, hypertrophy of the musculature, and
endometrial hyperplasis. A8 the amount of oestirin in the
eirculation inoressee, 80 the pituitary stops producing Prolan a

and comrances to secrete Prolsn B.

Rupture of the follicle cccurs : this is undoubtedly
effected by the influence of the hypophysis, but it is impossible
to say whother it is the end-result of Prolan i aotion, whether
it is due to a combined effect of Prolan i &nd Prolan B, or

whether 2 separate pituitary faoctor exists for this purpose.
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After ovulation, Prolen B, which is now in the
ascendancy, stimulates the formation of a corpus luteum.
The active prinoiple of this yellow body acts on the endometrium
which has previously been subjected io the influence of oestrin.
As a result of this, the endometrium undergoes further hyperplssia

and becomes capable of a decidual reaction.

The ovum is meanwhile fertilized, and pusses to the
ntorine‘oavity. It impinges on the wall, a decidual reaction occurs
and implantation takes place. The chorionic villi now either
produce Prolan A snd Prolan B, or stimulates the pituitary to
do so. Prolan B is the Cominant faotor and this aots on the
ovary causing the corpus luteum to persist, This siructure
continues secreting its sotive principle and thereby :-

(19 Preventis ovulation
(11) Inhibits menstruation
(141) Inhibits uterine contractions
Under these conditions the pregnancy progresses normally.

At the same time, oestrin is formed by the developing
placenta and also enters the circulation. There are now Prolan A,
Prolan B, oestrin, and the corpus luteum hormone all present, but
the gquantity of each is so regulated that Prolan B and the corpus

luteum hormone are dominant.

A8 the pregnanoy progresses, the follicular hormone,
together with that of the corpus luteum, produce the initial

breast changes. However, either the anterior lobe of the
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Pituitary, or the placenta, soon takes over this function.

In the later months, oestrin beszins to assume the ascendancy
over the other hormones. The amount of Prolan B in the body
fluids diminishes and the corpus luteum retrogresses. As a
result of this reletive increase in the follicular hormone,

the uterus becomes more sensitive and contracts to any stimulus,
A ocertain stégo is reached when the uterus becomes suffiociently
sensitive to rcspond, either to the normal amount of 'pressor
substanses' in the blood, or to an increased amount of pituitrin
which is produced by the posterior lobe of the pituitary in
respénse to the stimulation by oestrin. Whichever of these two
mechanisms is responaible, parturition commences and the foetus

is expelled.

The breasts by this time sare fully developed. lagtation
is precipitated either by the removal of the placenta, or by
the action of the pituitary, whose attentions, previously divided

now become directed solely towards the mammary glands.
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