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I.HISTORICAL SURVEY.

The foundation of our knowledge of the sexual
cycle was laid by Walter Heape (1900); he divided
Mammalia into two groups: Monoestrous and Poly-
oestrous, in accordance with the frequency with which
mating was possible during the breeding season.
Animals in which oestrus (or "heat") does not recur
during the breeding season Heape called lonoestrous;
those in which there is a recurrence of the di-
oestrous cycle during a single season have been
designated Polyoestrous animals. Frequently animals
which are monoestrous in a state of nature become
polyoestrous under the favourable conditions of
domesticity. Possibly the sheep in its wild state
belonged to the first group: it is now in the second.
The biteh, cow, mare, sheep, rabbit, rat, ete., are
polyoestrous.

A further division of animals into animals hav-
ing diphasic and monophasic cycles is made with
reference to their sexual activity. In the higher
mammals, e.g., the monkey and man, there is a re-
productive phase only, the sexual phase being
continuous; in most mammals both the sexual and re-
productive phases are present and separate. Each
phase is characterised by structural changes in the
genitalia, but the whole cycle, though it consists
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of different functions and though different factors
appear, is a biological entity. The ovaries play a
fundamental part in the phenomena associated with the
sexual cycle in that the sexual and reproductive
phases, though having different manifestations, are
equally dependent on ovarian hormones.

Brown-Séquard (1889), first gave any knowledge of
the internal secretion of the sex-glands. Since his
work on the ovarian and testicular hormones, great
advance has been made in the.study of this complicated
subject, and the active principles secreted by
endocrine glands have been isolated. Biedl (1913)
strongly criticised all experiments with sexual
hormones; he drew attention to the fact that substances
are frequently introduced into the body (in the
extracts) which are never secreted; that only some of
the substances normally secreted by the gland are
given to the experimental animal, whereas in the liv-
ing state the effect is possibly due to an interplay
of various factors; and, further, that the quantita-
tive and time relations differ from those in the body -
that it is not possible to imitate the rhythm of the
normal function. It is probable that his contentions
are not entirely unsound and the conflicting results
that are sometimes obtained with extracts of the same |
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organ may in part be due to some of the factors which
he enumerates.

Alpha (or uestrin).

The sexual phase (which is associated in animals
with "heat" or Oestrus) is characterised by maturation
of the follicles of the ovary and by the secretion of;
alpha, and is accompanied by changes in the uterus anq
vagina which are taxen as typical of the conaition. |

| The follicular hormone has been designated by variousi
authors, oestrin, menformon, folliculin and alpha;
the latter term is employed throughout this paper.
48 early as 1906 liarshall and Jolly demonstrated that
the ovary produces a hormone which causes the
phenomena of oestrus. Adler (1211}, Pellner {1915J,.
Iscovesco (1914 ), Hermann (1915, and others extendeﬁ:
and amplified this observation. Fellner worked withi
extracts of both placenta and ovaries, and obtained i
| hyperaemia and thickening of the muscle layer of the |
| uterus. Hermann induced great enlargement in the .
| immature uterus, and "extraordinary changes"™ in the i
vagina. These were accompanied by follicular growth:
in the ovaries; both Fellner and Hermann observed in-
creased growth in the mammae-. Mammary development |
| has been found in association with prolonged injection

| of alpha by E. Allen (1927), Lagueur, et al (1928 ).
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Isovesco found that oestrus couald be produced in
castrated females with an extract of follicular fluid.
An observation of the first importance was made by
Stockard and Papanicolaou (1917), who were the first
to discover that mucosal transformationsin the genera-
tive tract of the guinea-pig are accompanied by de-
hiscence of epithelial cells so that the vagina has a
characteristic cell content. This has been applied
to other animals and in this way it is possible to
determine with ease in the living animal the occurrence
and progress of the oestrous cycles; the vaginal smear
method is used in all such cases. Allen and Doisy
(1923) developed an accurate method of biologiecal
assay of alpha, and used as their unit the amount
which induced cornification of the vagina in the
castrated animal.

As alpha was first prepared from follicular fluid,
and follicular maturation is accompanied by oestrous
phenomena in the aterus and vagina, it was thought
that the follieles were the sole source of the hor-
mone. However, Parkes (1926) prevented follicular
maturation by the application of X-rays to the ovary
and found that oestrous periodicity was uninterrupted.
This demonstrated the production of alpha elsewhere
than in the follicles. It has been found in large
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amounts in placenta, in amniotic fluid, in ecystie
corpora lutea, and in the blood and urine of pregnaney,
and in ovarian substance. (Wiesner (1925), Zondek
and Aschheim (192%), Allen et al (1930).). Allen,
Pratt, Newell and Bland (1930) implanted amounts of
human ovarian tissue into rats in order to ascertain
its hormonal content; corpora lutea, follicles and the
ovarian cortex were used. A high yield of hormone
was obtained from corpora lutea from the 13th-17th days
of the menstrual cycle and in the first third of
pregnancy, after which there was a considerable de-
Crease. Full term pregnancy corpora gave negative
results, from which it would appear that the-corpus
luteum of the end of pregnancy is not responsible for
the large amounts of alpha to be found in the placenta,
blood and urine at that time. The follicle walls
contained little alpha and the cortical stroma gave
negative results.-

If alpha is injected into the immature animal
oestrous changes take place in the uterus and vagina
but the ovary is not stimulated and ovulation does not
oceur. Precocious oestrus after injection of alpha
was described by Zondek and Aschheim (1926), Mahnert
and Siegmund (1927), Goormaghtigh (1929) using mice,
Meyer, Leonard and Hisaw (1930) using rats, Loeb
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and Kountz (1928) working with guinea-pigs, and
Lipschutz (1930) with cats. Slonaker (1927), and
Steinach and Wiesner (1925) induced oestrous changes
in the senile animal following injection of alpha and
Steinach, Kun and Hollweg (1928) are said to have
caused ovalation in senile mice by similar treatment.

In the mature animal continued injection of alpha
causes irregularities in the cycle tending to its
prolongation but not to its obliteration; this is in
contrast to the persistent v#ginal cornification which
occurs in the immature or in the castrated animal,
Goormaghtigh (1929), Smith (1926a) and lahnert and
Siegmund (1930). Loeb and.Kountz (1928) found that
prolonged injection of "follicular substances" in-
hibited ovulation in the adult guinea-pig. Injected
during the first half of pseudo-pregnancy, alpha cauns-
ed cornification and copulation in mice, and there were
marked changes in the corpus luteum; in some instances
ovulation occurred in spite of the presence of
functional corpora lutea (Deanesly, 1931).

Oestrus does not occur during lactation provided
a normal sized litter is suckled (Crew and Mirskaia
195%}; it can be evoked by the injection of alpha, |
the dose required varying with the size of the litter |
(Parkes and Bellerby, 192%3. Oestrus very rarely
occurs during pregnancy: Long and Bvans (1922)

attributed/



attributed its inhibition to the effect of foetal
tissue. Swezy and Evans more recently (1930) have
found that "the cycle of ovogenesis in the rat is not
interrupted by pregnaney, but continues throughout
with the usual 4 or 5 day periodse. At the end of
each period ripe follicles are present. With the
beginning of the new cycle at the S5th, 10th, 1l4th and
18th days, or thereabouts, newly formed corpora lutea
are found, some of which contain a segmenting ovum".
The presence of large follicies did not cause oestrus.

If alpha is injected during the first part of
pregnancy it causes abortion (Wiesner (1925), Smith
(1926b), Parkes and Bellerby (1926), Simonnet (1927).)
Very large amounts are required to produce this
effect in the later stages (Courrier (1928a), Smith
(1926) and Parkes (1930).). The latter found that a
given amount of alpha was far more effective when
given in a series of injections over 24-48 hours than
when given all at once. Courrier (1928b) is of
opinion that the abortion caused by injection of
alpha is due to an inhibition of the corpus luteum by
that hormone. If alpha is injected into pregnant
rabbits during the last week of pregnancy the decidual
reaction cannot be produced after birth (Courrier, |
1930a).
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| alpha in human pregnancy urine in the latter half of

The extraction of alpha from placenta or urine
has been carried out mainly with ether after mild
aciaification (Zondek and Aschheim (1928a)). Ether
was found to be ineffective in extracting alpha from
neutral or nearly neutral solutions (Marrian (1929)),
and strong acidification is necessary. According to

Zondek and aschheim, as reported by Udescalchi (1928),

pregnancy reaches a concentration of between 5,000

and 7,000 mouse units per litre. It is readily

' soluble in fat solvents; more recently water-soluble

Mahnert, Siegmund, Zondek, Brouha and Simonnet are of

alpha has been prepared by llurrian (1929 ), Parkes

The Corpus Luteum.

(1930), Collip (1930) and Butenandt (1931) ‘
|

The theory has been held in some quarters that
the follicular hormone is the specific female hormone |
which sufiices to produce all the morphological ;

phenomena and functions in the genital tract; =allen,

this number. The view most Qogmonly held is that the
follicular and lutein hormones are two distinet and
different hormones: TFraenkel, aAncel and Bouin, Loeb,
llarshall, Hammond, Parkes and Bellerby are all of
this opinion.

Whereas the sexual phase is associated with the
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secretion of alpha and certain typieal morphological
changes in the ovary, uterus and vagina, the re-
productive phase is agsociated with the development
and function of the corpus luteum. The two phases
are sometimes spoken of as the first and second phases
of ovarian acetivity resoectively. The exact origin of
the corpus luteum is still in dispute: different

| schools support its origin from the theca interna of
ithe folliele (Von Baer, (lBZ?)J from the granulosa
.(Bisehoff, (1842) and sSobotta (1895), and from both
together, (R. lMeyer (1911) and Loeb (1906)). agdell :
(1928), sndersen (1926), Hill and Gatenby (1926), and
Deanesly (1930 a and b/ have studied the strubture of
the corpus luteum, while Corner and Allen (1928, 1929,
1930) have supplied invaluable information as to its
|physiological behaviour.

| Corpora lutea are formed as the result of ovula-
tion or of the rupfure of folilieles; such corpora are
funetional in most animals, but not in the rat and
@mouse, which reguire the stimulus of copulation

E(Long and Evans (1922) and Parkes (1929a)). About a
third of all ovulations exhibit one or more instances
of retention of the ovum within the corpus luteum;
isuch corpora are atretic. Long and BEvans found that

|
‘in 182 ovulations studied, an average of five corpora
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per ovary occurred. Lipschutz (1928) has formulated
a theory - "the law of follicular constancy" - based
on the assumption that some factor exists limiting the
number of ova ripening at one time. The morphologic-
al changes occurring in the corpus luteum have been
examined by Deanesly (1930b) who states that the
corpus luteum of ovulation in the mouse reaches its
full size at 2-3 days after ovulation, and in the
rabbit at 4% days; no further enlargement of the lutein
cells takes place. According to Long and Evans (1922)
the corpus luteum of pregnancy is of the same size as
that of ovulation until the 1O0th day when it enlarges
to the maximum whieh it retains to the end of
pregnancys

The corpus lauteum of pregnancy is more vascular-
ised than that of ovulation and the cells forming the
fibrous reticulum are more numerous (Deanesly, 1930b).
About the time of parturition, or at the end of the
life of the eyelic corpus luteumy the size of the
gland, which had been decreasing but slightly, drops
suddenly. This change is associated with degenera-
tion, the lutein cells showing marked fatty degenera-
tion. Persistence of morphological structure does
not necessarily indicate continuance of function, e-g;,
in the rat, the corpora lutea of several ovulations
may be present without interfering with the ovulation |
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of the immediate cycle; the lutein cells of such
corpora are filled with large lipoid globules
(Asdell, 1928). Asdell is in agreement with Long
and Tvans (1922) in asceribing the increased life of
the corpus luteum during pregnancy to the "presence
of the products of conception”, but at the same time
admits that the facts are puzzling in view of its
persistence in pseudo-pregnancy and after hysterect-
omy.  TLoeb (1923) found after removal of the uterus
of a guinea-pig, that the corpus luteum persisted for
60 days instead of the usual 14-16 days. Asdell
(1928) removed the uterus of a rabbit before
puberty, and when ovulation occurred, the cofpus per-
sisted for 24-29 days (instead of the normal 16 days
of pseudo-pregnancy).

Various functions are ascribed to the corpus
luteum. The idea that the corpus luteum exercises
an inhibitory influence on follicular growth and
ovulation was first formulated by Beard (1897) and by
Prénant (1898) and was verified subsequently by Loeb
(1910) and by numerous authors who found an absence
of ovulation during the lutein phase (pregnancy or
lactation), after implantation of lutein tissue or
injection of extracts of corpus luteume. According
to Loeb (192%) in the guinea-pig the follicles may
mature during the functional 1ife of the corpus
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luteum but ovulation itself is inhibited. Removal of
corpora lutea from the ovaries of the pregnant goat or
guinea-pig causes ovulation and, in the case of the
former, abortion (Loeb, 1917, (guinea-pig), Drummond
Robinson and Asdell, (1926), goat).

Extracts of corpus luteum have been prepared
which inhibit ovulation and oestrus. Corner and
Hurni (1918), however, obtained no effect with an
agueous extract of sow's corpora lutea. Papanicolaou
(1926) postponed ovulation indefinitely in the guinea-
pig by injections of corpus luteum extracts at weekly
intervals; oestrus and ovulation were restored a few
days after cegssation of the injections. Parkes and
Bellerby (192%), Hisaw et al (1928), Brouha and
Simonnet (1929) and Patel (1930) inhibited ovulation
and oestrus, the latter for as long as forty days in
some cases (mice)-

An illustration of the inhibiting effeect of the

- corpus luteum hormone (beta) upon alpha is afforded
by an experiment performed by Courrier (l93Qﬁ upon the
newly littered guinea-pig. It was found that in such
circunstances, a much larger amount of alpha was
required to override the proliferative action of beta |
than was needed to cause cornification in the
castrate. It has, however, been demonstrated by
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xperiments by brqpha and Simonnet 11928 and 1929) and
Deanesly (1931) with alphsa, and by Zondek and Aschhein
(1928 a and b) with pituitary implants and pregnancy
urine, that alpha cun act in spite of "parenchyme
lutéinigue’ in the ovary-.

One of the main functions of the corpus luteum isg
to efiect such changes in the uterus as will prepare |
it for the embedding of the ovum; it is essentially |
responsible for the phenomena of the reproductive i

phase of the sexual cycle. TFraenkel (1903) showed thdt

tl

-
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orpus luteum is essential for the implantation
and nourishment of the embryo. Bouin and ancel
{1909) described the normal relationship of the corpusg
luteum to the changes which take place in the
endometrium of the rabbit. A detailed, histological |
gtudy of the rat's endometrium throughout pseudo-

| pregnancy and pregnancy has recently been carried.out[
Eby Allen (1921) and illustrates in a striking manner
the nature of the uterine activity at the different
stages of pregnancy under the influence of ovarian
activity.

The proliferation of the endometrium of the
fourth to sixth days of pregnancy and pseudopregnancy
permits of the embedding of the ovum and the develop-
ment of the placenta. This struetural change does |
not take place in the absence of the corpus luteum,

and the effectiveness of corpus luteum extracts has
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accordingly been tested by their ability to produce
these changes, and to cause the uterus to react to
irritation with the formation of decidual tissue.

That the uterus does not retain this sensitivity after
the sixth day-—(Allen (1931)) had a few cases of the
seventh day)- was demonstrated by Loeb (1909) in the
guinea-pig, Courrier leZ%} and Courrier and sehl
{195%3 in the rabbit, Corner and Warren (1919) and
Long and Tvans (1922) in the rat, and Parkes (1929) in
the mouse. The test was carried out by means of
inserting a thread through the uterus of a pseudo-
pregnant animal (i.e. after sterile mating to a
vasectomised male) or of an animal injected with corpus
luteum extract. About the sixth day after the
operation deciduomata were formed at the sites of
trauma. Experiments carried out by Corner and Allen
(1929 and 1930), in which proliferation characteristiec
of early pregnancy‘was induced in newly ovariectomised
raboits by means of extracts of corpus luteum proved
conclusively that the corpus luteum was responsible
for effecting this sensitivity and causing the
progestational proliferation-. It was shown to be
possible with such extracts to maintain pregnancy to
term in raboits ovariectomised eighteen hours after
mating. Extracts causing proliferation of the
uterine epithelium of the rabbit have been prepared
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by Corner and Allen (loec. eit.), W.M. Allen (1930),
Hisaw and Leonard (1930) and Clauberg (1930); in the
guinea-pig by Goldstein and Latelbaum (1929) and
Weichert (1928) Loeb and Kountz (1928); in the rat, by
Nelson and Pfiffner (1930); and pfemenstrual changes
in the monkey by Hisaw, Meyer and Fevold (1930).
Weichert (1928) and Hisaw (1929) took as their test of
the effectiveness of their extracts, the relaxation of
the symphysis pubis of the guinea-pig as at the end of
pregnancy. Allen (1930) aséayed his corpus luteum
extracts on the spayed aduli female rabbit; a rabbit
unit is the amount which produces proliferation egual
to the eighth day of pregnancy. He calls the
substance isolated "progestin': Wiesner gives the
name "beta" to the same hormone.

Experiments performed by Hisaw and Leonard (19%0)
on castrated rabbits show that no gestational
proliferation is obtained in the uterus of such
animals after injection of corpus luteum extract, if
castration is performed a considerable time prior to
injection. From this experiment and others in@hich
they ovariectomised rabbits soon after mating and
endeavoured without success to maintain the proli fera-
tion of normal pregrancy, they conclude that the

progestational proliferation of the rabbit's uterus isg
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the result of the combined effect of the corpus luteum
and follicular hormones. They showed, furthermore,
that the latter brings the uterus into the proper
physiological condition to respond to the corpus luteum
hormone -

Until Ancel and Bouin (1910-11) pointed out the
significance of the mammary development which is
observed during pseudo-pregnancy in the rabbit,
mammary development was ascribed to the foetus or
placenta. A similar phenoménon was described by
0'Donoghue (1911) in Dasyurus and by Heape (1906) in
the bitch. Loeb 1192%3 found that hysterectomy does
not prevent mammary development. Loeb and Hesselberg
(1917) removed the corpora lutea from guinea-pigs
during early pregnancy and noted that mammary develop-
ment had ceased when they examined their animals at
about the 24th day after conception. Ancel and Bouin
removed the corpus luteum after ovulation and
interrupted the growth of the mammary glands. Though
the corpus luteum may be responsible for the stimulus
required for mammary growth, extracts of this body
have failed to induce in ovariectomised animals a
development comparable with that in a normal animal in
the luteal phase. The character of mammary growth in
pregnancy changes at mid-period in the pregnant rabbit,
and the amount of mammary tissue is considerably
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increased (asdell (1928)). IExperiments point to two
facts: +that the increased growth of the mammae during
pregunancy is due to the persistence of the corpus
luteum for a longer period than pseudo-pregnancy, and
that their development is not dependent on foetal
tissue. The experiments reported by Corner (1930)
are of great significance. He caused mammary growth
equal to that at the end of pregnancy, together with
milk secretion, by injecting alkaline extract of
pituitary into virgin rabbits.from which the ovaries
and uterus had been removed. The evidence forth-
coming up to the present does not eliminate the
possibility of other organs, beside the hypophysis,
being concerned in mammary development .

A further function has been attributed to the
corpus luteum of some animals; an extract of corpus
luteum prepared by Knaus (1930), when injected in the
non-pregnant rabbit inhibits the reaction of the
uterus to pituitrin; the action is similar to that
which occurs during pregnancy. Robson and Illing-
worth (1931) have recently confirmed the statement of
Knaus and desceribe experiments which suggest that the
proliferative and inhibitory actions of the corpus
luteum extract may be due to different factors.

The Removal of the Ovaries. Castration in the female
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animal leads to atrophy of the genital organs; the
results are more pronounced when castration takes
place before puberty. Gonadectomy in mammals and
birds leads to the development of an intermediate or
neutral type; the effects upon the secondary
characters, upon basal metabolism, and on other duct-
less glands have been examined (1) by Goodale (1916),
Pézard. (1918), Boring and Pearl (1918), etc. in fowls,
and by Steinach (rats and guinea-pigs)l1l912, Tandler
and Keller (1910) (cow);(2) by iawy and Richter (1899)
and Blair Bell (1920); and ($) by Hammond (1913) and
Blair Bell. The latter found that ovariectomy

causes hyperactivity of the pituitary, thyroid and
adrenal . Ovariectomy causes an increase in body
weight due to accumulation of adiposgse tissue (Hatai,
(1913) on rats). He states that spaying does not
modify the weight of the hypophysis. This is contrary
to the findings of Fichera (1905) in guinea-pigs and
rabbits but supports those of Marrassini and Luciani
(1911). After castration in male rats the hypophysis
becomes much heavier, but obesity does not ocecur
(Hatai, (loc.cit)). Unilateral ovariectomy in rats
causes no increase in body weight and the sex ratio of
litters born to such animals is not affected. (Hele

King, (1911), Crew (1927)). The size of the litter

is/



9=

is slightly reduced (Xing, Asdell (1924) Crew, eta),
but unilateral ovariectomy does not decrease the
number of litters a female can produce.

Compensatory hypertrophy of the remaining ovary
has been observed by several workers; Bond (1906),
Carmichad and Marshall (1908), Hatai (1913), Arai
(1920), Slonaker (1927) in rats and mice; Hartman
(1925) in the opossum; and Lipschutz and Voss
(1925-6) in cats. Hatai (1913 loc.cit.) found that
the surviving ovary attains almost twice the weight
of the normal single ovary. This confirmed the
conclusion of Carmichael and Marshall 11908), and Bond
(1906), ete. The latter thought hypertrophy
involved mainly the stroma but Hatai and Arai (1920)
demonstrated conclusively that this was due to the
formation of additioneal corpora lutea.

The effect of unilateral ovariectomy upon the
' oestrous cycle was examined by Papanicolaou (1920
guinea-pig) and by Emery (1931, rat), both of whom
noted a tendency to an inerease in the period of
cornification. Engle (1928) showed that the anterior
lobe of the pituitary is the determining factor in
compensatory hypertrophy. It has also been observed
that implantation of ovaries increases the number of
oestrous cycles (Friedman (1930)). |
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Removal of the ovaries during pregnancy was
periormed on the rabbit by Fraemnkel in 1910 at Born's
suggestion. A parallel experiment was carried out in
which all corpora lutea were removed and it was found
that the results were the same in both instances:
pregnancy was terminated in all cases where the
operation was performed before the 20th day of
pregnancy and in many cases subsequent to that date.
The effect of removal upon the course of pregnancy
appears to be determined by the duration of the
activity of the corpus luteum: opinions vary regarding
this, some believing its activity to be confined to
the first part of gestation (Fraenkel (1910)(rabuit),
Loeb (1917 and 192%), Herrick (1928) (guinea-pig))-
Recent work tends to show that the corpus luteum is
necessary throughout pregnancy; Marshall, Hammond,
Asdell, Parkes etc. are of this opinion. Hammond.
(1917) found that bilateral ovariectomy in the rabbit
between the 1l6th and 27th days of gestation invariably
causes abortion. This was confirmed by Courrier and
Kehl (1929b) who observed that lutein activity, as
manifested in the uterine endometrium of that animal,
was continued till&he 2oth day.

Yraenkel was of the opinion that the corpus

luteum was not essential in the later stages of
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pregnancy but more recently it has been shown that the
removal of the ovaries during pregnancy in the cow,
zoat, ravbit, mouse and opossum is followed by resorp-
tion or abortion. In the guinea-pig this takes place
more slowly than in other animals and, according to
some authors, does not occur after the middle of
pregnancy (Herrick (1928), Courrier, Kehl and Raynaud
(1929 )). HMarshall and Jolly (1906) carried out on
dogs a similar series of experiments to that periormed
by Fraenkel; abortion occurred in all cases where the
ovaries were completely removed. In rats, they found
that pregnancy was invariably interrupted where the _
operation was performed during the first six days, butI
some normal litters were obtained after ovariectomy in
the later stages. (Daels (1908) found that bilateral
castration in guinea-pigs and rats always interrupted |
lthe course of pregnancy if performed in the first half |
Iof the gestational périod- Removal of the ovaries
Ifrom a pregnant woman need not interfere with pregnancy
after the eighth week. Edgar Allen (1928) records thé
|

appearance of menstruation in monkeys following on '

ovariectomy; also experimental menstruation in spayed |

|
monkeys followed the cessation of injections of ovarian

‘and placental extracts.

The Anterior Pituitary Body-

ihe eyelic activity of the ovary is under the
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control of the anterior pituitary lobe. The
experiments of Smith (1926a) of Smith and Engle (1927)
and of Zondek and Aschheim (1927) demonstrated this
fact conclusively. Precocdous sexual maturity and
ovulation were induced in immature female mice after
the implantation of pituitary tissue; marxed
hypertrophy of the ovary and follicular maturation
were accompanied by the typical oestrous phenomena in
the genital tract; removal of the hypophysis prevent-
ed the occurrence of these phenomena, and implantation
of the tissue in hypophysectomised animals caused a
renewal of ovarian function. It was showﬁ that
implantation into the pregnant animal invariably
caused abortion or resorption except in the latest
stages (Engle and Mermod (1928)); small amounts of
tissue were implanted intramuscularly daily. Parkes

| and Bellerby (1926) and Smith (1920t confirmed these

| results, and reoentl& Philipp (1981) caused abortion
in rabbits by implanting human hypophysis which had
been found "to contain Prolan B" (the name by which
he designates "the luteinizing principle" of the
pituitary) . Zondek and aAschheim (1928b) caused
ovulation during pregnancy by pituitary implants.
Implants in ovariectomised females had no effect uponl
the uterus or vagina (Smith and Engle, (loc. cit)).

Zondek/



Zondek and Aschheim (1l928a) discovered a hormone
in the urine of pregnant women which, when injected
into female mice, produced effects closely resembling
those caused by pituitary implants, and have based
their pregnancy diagnosis test on this Tact. This
test has been repeated by several workers and has
proved accurate and reliable (Philipp (1929), Bruhl
(1929), Odesealchi (1928), 4llan and Dickens (1940),
Crew (1930)) Zondex and aschheim (1928a) demonstrat-
ed that ovulation could be induced in immature mice by
implanting 0.1 grm. of placenta; Dblood serum from
pregnant women, had the same effect. Extfacts of
human placenta have been prepared by wWiesner (1940)
and by Collip (1930) which give similar results; the
latter claims effectiveness for oral administration
also. Pregnancy urine has been extensively used with
la view to isolating the pituitary hormone: the
different results obﬁained according to the amount and
concentration of the extracts have led to the theory
that two pituitary gonadotropic hormones exist (Rho
factors (Wiesner(1930)); ®Prolan A and B (Zondek (1930,
1931) and Philipp (1941)).

Aamonzst those who have prepared urine extracts
giving follicular maturation with small amounts and
luteinisation with large and/or the combined effect
are: Wiesner and Marshall (1931), Hill and Parkes

(1930/
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(1930-1 a, b, ¢,)rabuit and ferret); Zondek and
aschheim (1928a), Biedl, 3otschkareff, Brouha,
Ehrhardt (all 1929)). The iour last woried with
Prolan as prepared by <ondek; human pregnancy urine
was acidified with acetic acid, concentrated, shaken
with ether (to remove oestrin) and dialyzed. P.E. Claus
(1931) claims to have separated the two factors in
erystalline form. Cyclic variations in the hormone
content of the anterior lobe are indicated by an
experiment by Wolfe (1931), in which sow's pituitaries
were implanted into rabbits. Zondek (1931) has found
a similar variation in those of women. Hé has
recently estimated the number of mouse units of the
two factors contained in the anterior lobe of both
men and women and finds that whereas the hormone
content is relatively high in the non-pregnant woman,
the anterior lobe of the pregnant woman containg only
'a very slight amount-of hormone, but the placenta on
the average 2000-3000 units. Philipp (1931), on the
other hand, found no luteinising effect in rabbits
after implantation of full-term placenta.

By alkaline extraction of the anterior lobe Evans
(1924 ) prepared an extract +hich had a strong
luteinising effect in all dilutions; NaOH was used inl
weak concentration. Follicles became luteinised '

without/
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without rupturing, and oestrus and ovulation were
inhibited during injection and for some time after-
wards. Teel (1926) Wiesner (1930) and Brouha and
Simonnet (1928) confirmed these results. Courrier
and XKehl (1930b) caused fresh corpora lutea to form
in a pseudopregnant rabbit after injection of a NaOH
extract of pituitary but though uterine activity was
prolonged 1 injections started on the 4th day the
normal atrophy was not long postponed. This is
contrary to the results obtained by Leel (1926 - rat)
and recently by Robson (1981 - rabueit). Teel (1926)
prolonged pregnancy in rats for 2-6 days By causing
functional corpora to form after administration of
Evans' alkaline extract. Whereas in the rat, mouse
and rabbit the alkaline extract has a strong kyogeniec
or luteinising efrfeect, in the cat it causes follicular
maturation if administered in small guantities and
luteinisation in larée amounts — (Courrier and ilehl
(1929a)). Bellerby (1929) has caused luteinisation
in the rabbit with an acid-alcohol extract of
pituitary.

Evans (1924) and Teel (1926) claim that the
alkaline extract causes growth, in addition to |
inhibition of oestrus and of ovulation, but have not |

attempted to isolate the factor responsible. The |

same/
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game extract also furthers mammary development
(Corner 11930)).

Hartman et al (1930) claim to have found yet
another hormone in the pituitary - responsible for
menstruation. They induced menstruation in one-year
0ld and spayed monkeys with Allen and Doisy's ovarian
hoimone and Squibb's alkaline extiract prepared from
pregnancy urine. l

That the pituitary is not inactive in the
immature animal has been demonstrated by Engle (1931)
who made a study of the prepubertal growth of the
folliecles in the ovary-. lleyer et al (193&) report
that continuous injection of alpha decrecases the gonad-
stimulating power of the pituitaries of immature rats
when implanted into other immature animals.

Pregnancy - Only two asgpects of thig phase need be
considered in view of the particulars given under the
heading of corpus lufeum, viz. the embedding of the
ovum and parturition. J.F. Daniels (1910) H.D. king
(1913) and lirskaia and Crew (1930a) observed
prolonged gestation in mice suckling a large litter.
tirkham (1916) ascertained that the ova which are
normally implanted at the end of the 6th day are, in
such cases, free in the lumen of the uterus from the !
6th to the end of the 14th day post-partum.

The phenomena associated with parturition appear |

to/ !
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to be intimately connected with ovarian activity
(Mlarshall (1927)) and with a definite stage in the
ovarian cycle-.

Blair (1922), Keye (1923, Corner \(1923) and
others noted the occurrence of cyclical variations in
the contractility of the uterus and observed that,
coincident with the greatest development of the corpus
luteum the contractions are slight. Reference has
been made under the heading: c¢orpus luteum, to the
recent experiments of Knaus (1930) and Robson and
L1lingworth (1931) which demonstrate the existence in
the corpus luteum of the cow,of a substancé which
inhibits the reaction of the non-pregnant uterus of
the rabbit to pituitrin. The part played in
parturition by the oxytocic principle of the posterior
pituitary was first suggested by Vixon and Marshall
(1924), who observed an intimate connection between the
activity of that orgﬁn and the degeneration of the
corpus luteuﬁ- They found, moreover, that ovarian
tissue from sows in oestrus induced secretion of
pituitrin when implanted into pregnant animals, where-
as those from animals in dioestrus were ineffective.
Bourne and Burn (1928) reported that alpha increased
the response of the isolated uterus of the virgin
guinea-pig to pituitrin. In the pregnant mouse the

sensitivity/



sensitivity of the uterus to pituitrin was found to be
increased after repeated injection of alpha (Parxes
1930) ), and it has been thought that the same factors

were involved in both cases.

SCOPE OF THE THESIS-.

The series of experiments to be desceribed_ was
undertaken to determine the factors underlying the
maintenance of pregnancy, and with a view to a general
study of ovarian secretion in relation to the second
phase of the ovurian cycle. In view of the relation-
ship known to exist between the hypophysis and the
gonads, an important part of the investigation was the
examination of the efrfects upon pregnancy of the
administration of pituitary factors. For this
purpose the following substances were tested upon
pregnant rats in varying amounts and at different
stages of pregnancy:

(1) an extract of human pregnancy urine (as
prepared in the Macauley Laboratory,
Edinburgh)

(ii) an alkaline extract of anterior lobe of
pituitary (after D.H. Evans and H.M. Teel).

(iii) implantation of anterior pituitary tissue.
Observations were made of additional experimen-
tal data regarding the effects of a corpus luteum

extract/
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extract administered from early to mid-pregnancy; the
removal of ovuries at different stages of pregnancy in
mice; growth of the mother and of the foetus during
pregnancy, haemorrhage, and the cell content of the
vagina under adminstration of the various treatments

employed.

II. METHODS.

l. Experimental Animals.

In the whole of this series of experiments

Albino rats inbred by brother-sister mating, from

stock originally received from the Wistar Institute,
were employed. he colony has arisen from two pairsI
originally supplied by the Wistar Institute and by

the system of inbreeding adopted, a homozygous stoak
has been obtained. Actually the animals used in
these experiments were surplus to the immediate need
and brother-sister matings were not maintained
throughout . In all, 178 nulliparous animals, between
150 and 180 grams weight and from $-5 months old, were
used. They were kept in a well-ventilated hut, the
heating of which was thermostatically controlled.

The cages are constructed in units of twelve and
their component parts are readily detached for
cleaning. Straw or hay was used as bedding and not
more than three animals were housed in one cage. The

diet/



diet was varied as much as possible and on a sound
vitamin basis. Wheat and oats (both boiled and
uncooked) and flaked maize were the principal items
of diet and to these were added cod liver oil (once
a week), milk powder, cocvcanut, bran, or fish oil.
Skimmed milk was given daily in dishes machine-washed
in boiling water, the strictest attention being paid
to cleanliness; lettuce and bread were given twice

a week.

For the major portion of tﬁe experiment the
female was removed from the male immediately after
mating and was placed with other pregnant females
until the 15th day when each was placed in a separate
cage- At no time were more than three females
housed in one compartment .

In the experiments in which the effects of
ovariectomy were examined 187 mice were employed;
these were of mixed breeds and colours, divided
between stock of our own breeding and stock supplied
by Messrs. Tuck, The Mousery, Rayleigh, Essex. They
were kept in groups of five with a male until mating
occurred, whereupon they were placed with other
females that mated on the same day, and a different
male was attached to them. This course was
followed as it was found that the mice did not become

pregnant /



pregnant so readily as the rats and, in the event
of the first mating proving infertile, a second
mating would ocour four or eight days later. The
mice were placed in individual boxes about the 15th
day of pregnancy, the same procedure being followed
as in the case of the rats. Throughout the
experiment they were fed on oats, flaked maize and
broken biscuits, and were given lettuce at least
three times a week.

2. Extracts used and their preparation.

The extracts, after preparation, were kept in
the Frigidaire between injections. Injection was
carried out in the morning, prior to smearing and
weighing . In the experiments in which pituitary
tissue was i.planted, the operation was performed
within eight hours of receipt of the glands, that
there might be less risk of their proving ineffective
through standing. The technique used in%he various
preparations is as follows:-

(1) Extract of Human Pregnancy Urine: Thisg
extract was prepared in the llacaulay Laboratory
(Edinburgh) by Mr. P.G. larshall from urine obtuined
from the Royal Simpson Memorial Matermity Hogpital.
The technique used may be bFfiefly stated here as
follows:-

After preliminary precipitation of proteins with

dilute/
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dilute sulphosalicylic aeid, the urine was concentrated
to vol/10, and ground in a mortar with barium
nydroxide; the barium was therealfter removed by the
gradual addition of sulphuric acid. After filtration,
the ammonia resulting in the process was expelled
under reduced pressure and the filtrate adjusted to
neutrality with acetic acid. The active prineciple
was then precipitated with 95% alcohol, and after
centrifuging,was again washed with alcohol for
dehydration. Subsequent stages deal with the finai
precipitation of proteins with sulphosalicylie acid
and the removal of this acid together with
precipitation of the active substance, by alcohol.

The precipitate is boiled with ether and the ether
discarded. A pale fawn powder results which is

water soluble. This was used in the present series
of experiments in the dilution of 10 cc. of water to
the yield of approximately 2 litres of urine. It

was observed that the yield was not always constant
nor was the amount an invariable indieation of the
strength of the active principle obtained. Thus 0.1
gm. from one consignment amounting to 2 litres might |
be stronger than 0.2 gm. from another consignment of
the same volume. In addition, to the barium-

aleohol precipitation methogd of extraction, a shorter
method was employed in which the Precipitating medium
used/



used was phosphotungstie acid. The details of both
methods are fully described in a paper by Wiesner and
Marshall (1931)-.

That there might be a reasonable prospect of
securing a potent extract for the purpose of the
experiment, the yield from a number of consignments oﬁ
urinews combined. This procedure was adopted only
in the later stages of the experiment as it was
necessary to ascertain, prior to such a course,
whether the extract deteriorated with age. Material
b-14 weeks 0ld was combined, and, on injection, was
found to retain its potency. Lhis was tested by
means of injection in five unmated mature female rats
(G1-5). Its effectiveness was judged by a
phenomenon which appears to be a characteristic of the
extract, at least in mature animals, viz., the
presence in the vaginal smears of large epithelial
cells with a darkly-staining nucleus, which persist
for a number of days either alone or in the presence
of a few leucoecytes. This feature is examined in
fuller detail later.

(ii) Alkaline Extract of anterior Pituitary:

Bovine pituitary glands were received in a frozen
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state from the Glasgow Slaughterhouse a few hours
after killing aﬁd were either immediately prepared
for extraction or kept frozen until used. after the
covering layer of connective tissue had been removed,
and the pars posterior and pars media had been
discarded, the anterior lobes were weighed and then
partially sterilized by being placed for ten minutes
in 40% alcohol. They were then ground with a little
gsterile sand in a sterile mortar and extracted over-
night in the Frigidaire with an equal volume of /20
NaOH. [INeutralisation to Phenol Red was effected the
next morning by meams of N/10 or N/20 Acetic Acid,
aiter which the extract was centrifuged at high speed
for fifteen minutes and the supernatant fluid
decanted. The yield was approximately volume for
volume. The method of extraction desceribed is that
employed by Teel (1926).
(i1i) Implantation of Anterior Lobe Tissue:

The glands were prepared inthe same way as those
used for extraction. After partial sterilisation
in 40% alcohol, the glands were cut up very finely and
portions taken from several glands were mixed before
implantation, so as to make reasonably sure of effec-
tive material being empoyed. The minced glands were
kept under cover on sterile watch-glasses during the |

Operation of implanting}and sterile instruments were

used/ |



used . Intraperitoneal implantation was performed
dorsally through an incision made near the ovaries.
7ith the exception of one group of animals, a single
implant was given, and its weight was calculated on
the basis of one ox-pituitary weighing 1.5 grams
(the avera;e of ten weighings) .

(iv) GCorpus Iuteum Extract:

The standard corpus luteum extract as prepared
by Mr. R. Illingworth in the lkacaulay Laboratory was
employed in both sections of the experiment. The
method of preparation was as follows:

The solid corpora lutea, dissected out of cows'
ovaries a few hours after slaughtering, were minced
and extracted with two volumes of ethyl alcohol (95%)
in the cold Tor 24 hours, and thereafter with ether

in a Soxhlet. the alecohol extract was evaporated '
under reduced pressure and the residue extracted with
ether. The ether solutions were combined and the
ether distilled off; the residue was extracted with
ethyl acetate; a thieck brownish ligquid formed on
evaporation of the ethyl acetate soluble fraction.

The yield is about 25 cec. per kilo of corpora lutea;
the pure extract was taken up in its own volume of
maize 0il and each animal was injected with a total of

not less than 1.5 cec. of the pure extract or the

equivalent /
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squivalent of 6Y grams of corpus luteum tissue. This
was estimated (0o be beyond the minimal effective
requirements on the basis of 1 cc. producing
progestational proliferation in the rabbit (Corner
and Allen (1929):; Robson and Illingworth (1931)).
The extracts were actually tested on rabbits as a
control, and, with one exception which will be alluded
to later, were found to contain no alpha, and to give
the typical proliferative reaction associated with
the reproductive (or second) phase of the ovarian
eyele, and in particular with that stage of pregnancy
which is concerned with the embedding of the ovum and
the early development of the embryo, and which is
characterised by the formation of decidua and
hypertrophy of the uterine endometrium.

(v) Removal of Ovaries - lfice:

The mice were anaesthetised (with ether) and the
fur plucked from the back over each ovary for a space
of about 10 mm. sguare-. A dorsal incision was made,
and the ovary raised with forceps. Thread was
passed over the top of the ovary, and tied through the
base of the oviduct but leaving the Fallopian tube
free. Section was made immediately above the
ligature, and, thereafter, the inner and outer layers |

of skin were stitched separately.
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%, Histological Technigue.

Material for histological study was preserved in
10% Formol saline for 24 hours and thereafter trans-
ferred to 5% Formol saline. Paraffin sections were
made and haematoxylin and eosin were used for staining.

4. Additional details of procedure-

Pregnancy in both rats and mice was dated from

the appearance of vaginal plug. This obstruction of

the vagina and cervix, first described by Lataste
(1887), is associated with the mating act in some
rodents and is derived from a secretion of the seminal
vesicles coagulated by Gley's fluid. According to
Long and Evans (1922) it will "remain in the vagina
about twelve hours, but occasionally as long as twenty-
four hours". Frequently however, in rats, it is
expelled two or three hours after mating, a fact which
makes the collection of animals of known date of mating
an arduous undertaking. Allusion is made later to
cases where plug was visible for a period considerably
in excess of Long and Evans' maximum. Daily
eXaminations for vaginal plug were made both of rats
and mice every morning. For this purpose and for the
taking of vaginal smears, a smail glass rod was used

to which a strong resistant wire had been fixed.

Smears were taken each morning on glass slides and

were/



were fixed in methyl alcohol and stained with Giemsa's
'gtain. In the experiments in which pseudopregnant
enimals were observed for bleeding, smears were taken
morning and evening from the eighth day onwards .

The gestation period in both rats and mice, is

estimated as from the appearance of vaginal plug,
thouzn there can be a deviation of some hours owing to
the stage in oestrus at which mating occurred. In
ratg, the gestation period averages 21l.5 days (Long and
Evans (1922)) i.e. parturition tekes place on the zZZnd
day (calculated by adding 21 to the day of mating);

as instances occurred among the control animals where
pregnancy lasted till the 23rd day such a slight
deviation from the normal in the experimental animals
has not been attributed to the effect of treatment.

In mice,the gestation period is normally 19 days,
calculated in the same manner, i.e. parturition ocecurs
on the 20th day. From the day that normal term was
reached in the rats, their cages were examined three or
Tour times daily for litters, the last examination
being made about 10 p.m. After ovariectomy in the
mice,the same procedure was followed.

Placental Sign - the ocecurrence and duration of this

phenomenon were recorded in both rats and mice. In
the former it was observed that the extracts etc.

administered had an effect upon its occurrence and

persistence/.
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persicstence. In rats this feature normally occurs
from about the 13th to the 17th days (Long and Lvans
(1922)) and in mice about the 1llth and l2th days

of Dpregnancy-.
Weighings. With the exception of the rats injected
with the corpus luteum extract, and those employed on
the early stages of the urine extract experiment, all
animals (both rats and mice) were weighed daily.

The animals used on the corpus luteum experiment -
poth injected and controls - were killed on the
fifteenth day of pregnancy and the foetuses and
placentae weighed to the nearest milligram, and
corrected to 10 mgs. In all the other experiments,
with the exception of a single group, pregnancy was

allowed to run its course.

III. EXPERIMENTAL PROCEDURE.

1. Extract of Human Pregnancy Urine.

In all, 45 animals were employed in this

experiment which falls into four groups:

Group I. 12 animals receiving small daily doses
v over a long period.
II. 2 animals injected from the appearance
. of p}acental sign; ; '
Iil. 8 anlmgls with the same amount of extract
a Et ygrlous_syages of pregnancy.
3 E;nag;??la 1$Jeeted with the same extract
! erent amounts at parallel st |
in pregnancy-. £ s

mn
The procedure and r 1 i i
esults are set forth in Table I. |
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Group I-
No. of Animals Dose llo.of From Cen.
days of Results
Injection
(4) 4 0.1 cc.daily 13 drd day Preg-
of preg- naney
nancy inter-
rupted.
Details:
Ainimal  Pregnancy bleeding. Findings at necropsy ete.

Rat 769 8 - 15 days
" 803/2 13th - 15th days

Ho806 12th - 15th ©

" 810/9 11th - 18th days
and £7th day

istological/

Killed 15th day. Uterus
and vagina full of Dblood
and distended; ovaries a:
mass of corpora atretica
("Mulberry" appearance -
Evans); no follicles

See photo of 803/2 in
which 25 atretic corpora
were counted in one ovarye.

Injected for 17 days-.
During this time she
mated four times: on the
10th, 15th, and 17th days
after the first plug.
After the last plug daily
smears were taken and
showed leucocytes only or
with a few epithelial cells.
On the 27th day she again
mated. A vaginal smear
taken revealed leucocytes
and no cornified cells.
lNecropsy the same day
showed both uterine horns
(and vagina)to be full of
blood; uterus was dis-
tended and contracted
readily as in oestrusj;

two blood points were seen
in one ovary; both
ovaries contained many
atretic corpora though
fewer than in 769, 803/2
and 806 .
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Histological examination: Rat 804/2. uterus: full

of blood and epithelial cells; Ilarge lacunae under
the outer layer of high columnar cells, the latter
regsembling intestinal cells; lumen distended -
pro-oestral. (See Plates: uterus, ovary, vaginaP.l88).
Ovary: Strong luteinisation; 2 primary follicles and
one from which ovum had recently been shed.

Vagina: high mucous stratum; typical pregnant vagina
(ef+. Barrington (1916)).

(B) The three rats in this group received a total of
2.8 ccs of extract in 13 injections. If pregnancy
existed, it was interrupted before the ova were
embedded, as the rats mated repeatedly during the

experiment . Heeropsy on the 15th day showed the

ovaries to contain several large follicles in
addition to many corpora atretica.

(C) This group consisted of five animals on which
laparotomy was performed six days after vaginal plug
in order to ascertain if they were pregnant before

injection was commenced. At this stage the ova are

stage; embedding is about to take place (Xirkham
(1916); Hubver (1915)). The animals were deemed to
© DPregnant from the general appearance of the ovary
d uterus; +the ovary contained a number of bright

ed corpora lutea and the uterus was hyperaemic and
laceid/



flaccid.

They received nine injections of 0.25 e¢c. daily

- from the seventh day of pregnancy. Pregnancy was

interrupted in all cases. In one rat four implantation

gites were visible in the uterus at neeropsy, and in

| Rat 814/3 nine implantation sites were counted. The

uterus of this rat was distended and full of blood;
the stroma showed great glandular activity. ’he
ovaries, as in all the animals of this group, were a
mass of corpora lutea. Those of Rat 814/3 measured
9 and 8 mm. in diameter respectivély; in the left
ovary was one large follicle measuring B% mme. and a
blood follicle 3 mm. in diameter. The right ovary
contained 3 blood follicles (See Plate xr1 )-

Group II.

This group consisted of two animals only. It
was thought worth while to ascertain the effect of thé
extract when given at an even later stage of pregnancy,
and accordingly two animals were used in which the
Pregnancy sign of bleeding had been observed for the
Tirst time; the date of vaginal plug was not known.
The same extract was employed on both for a period of
9 days, 0.2 cc. - 0.3 cc. daily, and it is noteworthy
that this identical material was given to the animals
in Group IC (i.e., those decmed pregnant at sixth day

laparotomy/
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laparotomy) - Their weights were taken daily and

showed a daily increase for as much as 14 days after

the first appearance of the placental sign, the
inerease in thatl period being 85 and 50 grams
resyectively . A Qrop of 15 grams was noted two days
after the maximum was reached and it was thought
advisable to make a ventral incision and examine the
condition of the uterus.

An examinution ander ether gave the following
picture:

Rat 802/5. Right horn of the uterus coantained one
small foetus near the ovary, and at least one
fully developed foetus lower down. Ihere
was much dark blood in the uterus and
apparently inside the amniotic membrane.

The left horn contained several fully
developed foetuses and much dark blood.
There were what appeared to be functioning
corpora lutea in both ovaries and also some
newly forming follicles.

Rat 815. Ventral laparotomy was performed the same day

| as on Rat 802/5, i.e., the 16th day after the
appearance of placental sign. Large foetuses
were observed in both horns (none atrophicg)
and they seemed larger than normal. Lthere
was much dark blood inside the ammniotic

memorane /
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membrane and uterus. Unfortunately ia an
effort to ascertain the number of foetuses,
the uterus was accidentally punctured with
the forceps, as the result of which the rat
died the following day.

Comments .

Long and Evens (1920) found that the placental
sign normally occurs in rats from the 13th to the 1l6th
days of pregnancy. Ffrom the details given in a later
portion of this paper it will be seen that, while such
figures no doubt apply to the stock which their
examination covered, they are not of general application.
On the basis of the first appearance of bleeding being
on the 10th day of pregnancy, the gestation period in
these two rats lasted for as much as 26 days; if it
be taken as the 13th day, pregnancy lasted for 29 days
an extension of 5 or (possibly) 8 days. The average
;length of the gestation period in the rat is,
according to Long and iLvans, 21.5 days, and coincides

|with the average for our own stock.

Group III.

| Eight animals were now set aside with the object
of prolonging pregnancy - The extracts were
!administered over a shorter period and their effect

:at various stages of pregnancy was examined.

|
Details/
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Details:

A. & animals (Injected with 0.2 cc. daily for 7 days
from Srd and 4th days of pregnancy respectively.

Animal Pregnancy bleeding Effect of pregnancy-.

1804/3 - 16th - 19th days Resorption:-
Jlaximum weight reached
on l4th day -~ only
15 gms. above initial
welght .

1804/8 1lth - 24th days Prolongation. 4 days;
litter of three born on
the 26th day - partly
eaten but not decomposed.
Laximum weight of rat
attained on 25th day.
Increase in weight 10 gms.
between normal term and
parturition. Laparotomy
on the l4th day of
pregnancy revealed hyper=
aemic ovary with active
corpora lutea and small
foetus in the uterus
.B. at that time weight
was only 7 gms. above
initial weight ).

B. 3 animals: injected with 0.2 cc. daily for 4 days.

1A 4 10th - 23rd day, Resorption after
29th days bleeding:
Injected from 6th day of
pregnancy. !axinum
weight reached on Z2ad
day, 31 grams aocove
initial weight.

Al 14th,16%h-27th Prolongation 4 days:
days Injected from 7th day of

pregnancy. Littering at
11 a.m. on 26th day of
pregnancy. At noon 5
foetuses (all dead) and
4 placentae removed from|
cage- Weightf of fgetusé
es: 6%, 63, 6-/8, 63, 6 |
grams. i.e. larger than
normal/
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Pregnancy bleeding

F 4

13th - 26th days

Bffect of Pregnancy.

normal which is 5.8 gms.
Placentae: weights,
0.4C0, C.210, 0.293,
0310 grams. which is
smaller than normal,
viz., .428.

I .B. Maximum weight was
reached on the 25th day
of pregnancy; Between
normal term and actual
parturition the increase
in weight was 6 grams.

Prolongation 4-5 days.
Injected from 9th day
of pregnancy. Iio
litter was found in the
cage but a drop in
weight of almost 20
grams occurred between
the 25th and 27th days.
Other signs pointed to
the rat having littered.
Maximum weight was
reached on the 25th day
of pregnancy-

Ce

4 animals:

Injected with

0.2 cc. daily for o5 days

from 11th day of pregnancy-.

The same extract was used throughout this group. |

Effect of Pregnancy-

!Animal Pregnancy bleeding

S

15th-18th,20th,28nd~

Prolongation 4-5 days:

28th days.

Dead foetus was in the
vagina at 6 p.-m. on the
2oth day of pregnancye.
this was probably not
the first born as there
had been a drop of 12
grams in weight over-
night . On the 27th day
four partly eaten
foetuses with placentae
attached were found in |
the cage. Weights; about
5 grams each. Maximum
weight was attained on
23rd day, being 7 grams
above that «t terme.

W.B. Protracted parturi-
tion due to upset of ;
hd r+h menhaniom. |
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Animal ZPregnancy bleeding.

Fo 1l4th - 26th days

| IS 14th-17th,20th-22nd
24th-27th.

Comiments »

Effect of Pregnancy-

Prolongation 4 days:
Four dead foetuses
found on 26th day, two
partly eaten; the other
two weighed 535 and 6
grams, respectively.
Vaginal "bridge" per-
sisted till normal term:
aximum weight was
attained on 24th day
and was four grams above
that at term.

Prolongation & days:

Eight dead foetuses were
found on the 27th day

of pregnancy, their
welghts being: 73, 6%,
Vg & 5%, 5%, 6 grams
(the €th was partly
eaten). Five were clearly
above the average. The |
maximum weight of the
mother was 50 grams
above that of the l4th

day. This was

attained on the 2b6th
day and was 0 grams
avove that of term-.

The following facts are noteworthy:

[Le That in all cases where pregnancy was prolonged

\the litters were still-born.

Group/

|&+ The high incidence of bleeding.

9+ The average weight of the foetus (in successful
Pregnancies) was higher than the normal average. That
this isg Probubly due to growth having continued beyond
term is supported by the continued increase in weight |

of the mother after term is reached.
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Group IV.

It was decided to examine the effects of the same

extract in both large and small amounts when given at
the same stages of pregnancy; in this way strictly

| comparable results were obtained. That the extract
\would not lose its potency when kept for more than a
'month had been first ascertained. For Group IV the
fyield of 8-10 litres of urine, consisting of several
different cunsignments, was combined, giving
approximately 40 cc. of extract, i.e., the equivalent
of U.8 gm. active principle in powder form.

In addition to the barium-alcohol precipitation
method of extraction a shorter method was employed in |
which the precipitating medium adopted was phospho-
'tungstic acid. The details of both methods are set
forth in the paper by Wiesner and Marshall (1931).
‘The naterial was combined and injections spread over a
‘month; 26 animals were used in the group, which
!falls into two sections:

:Section I covers those cases - 14 - in which a total

of 2.0 cc. of extract was given to each animal, i.e.

0.4 ¢c. daily for five days. Injections were

|commenced on the 3rd, 7th, 1lth and 1éth dsys of
!Pregnancy, four animals falling within each of the
ifirst three groups and three in the last. In the
I(letails which follow, the actual order in which the
ieXDeriments were carried out is observed, Ifor reasons

|
Iwhich will be obvious later.
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A 4 animals: Injected from the 7th day of pregnancy.

Animal Pregnancy bleeding. ZEffect on pregnancy.

A8 15th; much blood Resorption: Maximum
16th-23rd; 24th-26th, weizht reachzd on 23rd
blood. day was 27 grams above

initial weight and 2.5
grams above that at terms
Rat killed on 26th day:
small placenta in cervix |
and another in left horn;
blood in both horns and

& or 4 implantation
sites; uterus hyperaemiec
Ovaries contained many
small atretic corpora
and one small follicle in
each.

Al3 1l4th; Regorption: laximum
much blood 1loth-19th;weight reached oa 19th
little blood 20th day was 27 grams above

initial weight. In full
oestrus on <3rd day-.

D1 little blood 13th; Resorption: llaximun

' much blood 14th-18th;weight rcached on 18th |
little blood 19th, day was 4%.5 grams above)
20th; blood 21st, initial weight. Weight |
22nd; much blood remained stationary for
2érd; little blood 6 days-

24, 25%th. !

D6 blood l4th; Resorption: HMaximum

' much blood 15th- weight reached on 24th
19th; blood day was 50 grams above
20th-25th initial weight and 2.5

above that at term.

Comment s .

In all cases with the exception of D1 large

€Pithelial cells were a feature of the vaginal smear |

up to the time that severe haemorrhage occurred. The |

S9lgnificance of this phenomenon is discussed laters
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injected from 1llth day of pregnancy.

Details:-
Aanimal

Pregnancy bleeding

Effect on pregnancy.

AD

much blood 15th~-16th; Prolongation 5 days:

blocod 17th;
little blood 18th-

25th; much blood

D5

Jie

26th, a?“;- little
blow... 285h.

little blocd 1l3th,
l4th; much blood
lSth—l?th blood
18th, 19th;

little blood 20th,

22nd; much blood

24th, 25th.

blood 14th, 15th;
much blood 16th;
little blood 17th-

19th; 21st, 22nd;

much blood 24th-

¥7

26th; blood 27th.

Blood 14th, 15th
much blood 16th;
blood 17th;

WMaximum welght reached
on the beh day was
grans more than that
¢t term. Litter on
27th day: 3 (dead) of
which two were partly
eaten; whole one
weighed 5% grams.

Prolongation 4-5 days:
raximum weilight reached
on the 25th day was 13
grams more than that

at term. llest was made
at 10.30 a.m. on the
26th day, and litter-
ing took place at 1.15
pemes: 4 (dead) of which
2 were partly eaten.
Weights: 74, 65 grams.
5till pregnant weight
fell 16 grams overnight
other foetuses eaten.

Prolongation 4% days:
llaximum weight reached
on 24th day was 6%
grams more than that at
term. Litter on 26th
day at 6.30 p.m.: 6
(dead) - Weights: 6%, 7,
62 grams - other three|
half eaten; placentae
normal size-

Prolongation 4% days:
Maximum weight reached
on 22nd day (term).

little blood 18th,19th Nest was made at 10.30
i

st;
blood 22nd, 23rd.

- Comment s/ L;

a.m. on 26th day -
litter at 6.30 p. m-' .
9 (dead Welghts l%g,!

4}, 4,5,4%,5%,47,43,

5 grams.
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Comments -

It will be observed that in all cases bleeding was
gevere on the 15th or 16th day and again Jjust before
littering. In those cases where the maximum weight
was reached after normal term the continued growth of
the foetuses is reflected in their weights. These
may be compared with the weights of F7's foetuées
whiech reached their maeximum at term.

'G+ On the basis of the results so far obtained, it was
‘apparent that injection of the urine extract in the
early stages of pregnancy was attended with greater
risk than when that condition was further advenced.
It was accordingly decided that in%hose animals which
;were to receive the maximum dose, i.e., 0.4 cc. daily
;from the 3rd day of pregnancy, two would be given a
double injection on the first day, thus spreading the
injection over four days instead of five. In one
[animal (ﬁMAJ the injections were carried out in the
usual way, i.e., 0.4 cc. daily for five days; it
:Will be noted that this was the only case in which
!resorption ocecurred-.

|§ animals: Injected from the 3rd day of pregnancy-
animal Pregnancy bleeding Rffect on pregnancy

. M3 blood 13th-16th; Normal pregnancy: Live

! little blood 17th, Iitter. Haximum weight

; 19th; blood 20th, reached at term. Litter on

_ 2lst. 23rd day: 9. Average 4.8
graus .
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Animal Pregnancy bleeding. Effect on pregnancy.

M5 blood 14th; iiormal Pregnancy: 1live
little blood loth- litter. llaximum weight
| 21st reached at term. Litter

~

on 245rd day: 6. Average
weight 4.7 grams.

14 little blood 10th; Hesorption:
much blood 1llth; laximum weight reached on
blood 12th, 1l3th; 17th day was 28 grams
much blood l4th; above initial weight.

little blood 15th. Weight remained almost
gtationary from 15th to
19th days after which it |
slowly fell. Cornifica-
tion occurred on the 1l&6th
day-

‘Comment s
With the exception of 14, bleeding was notably
scanty in this group as compared with that observed in

|
[the animals injected at a later stage of pregnancy.

D. & animals: injected from loth d&y of pregnancy. |
i

Detailg:-
Animal Pregnancy bleeding Effect on Pregnancy-

B5 blood 14th-19th; Prolongation 7+ days:
little blood 20th- foetuses dead. lMaximum
2drd. blood 24th- weight, attained on Z23rd
29th. day, was 8 grams more than|

that at normal term? weight
remained fairly stationary|
for 3 days then fell. On |
29th day 10 large dead
foetuses were removed by
Caesarian cision. The
ovaries were hyperaemic ané
contained several corpora
lutga felchts of woetuses
717 3,073 6 6. e B,

5% grams. Jelghts of
placentae:l0 weighed 2.476|
grems. Average: 0.248 gram
(i.e. smaller than normal):
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‘Animal Pregnancy bleeding

Effect on pregnancy.

K7 Little blood 12th;
blood 1l3th-16th;
little blood 17th-
22nd; blood 23rd-
25th .

Ko blood 15th;
little blood 16th;
blood 17th-19th;
little blood 22nd;
blood 24th, 25th.

GOmments/

Prolongation 5+ days:

foetuses dead. lMaximum
weight attained on 25th
day, was 35 grams above
that at term. A nest was
made at normal term. On
27th day, 9 large dead
foetuses were removed from
the uterus by means of
Caesarian cision. Yhe
amniotie membranes of one
horn were septic and there
was venous blood in the
lumen. Ovaries were large
and a mass of atretic
corpora (See Plate XI )
Right ovary was removed:
measured 8 mm. X &5 mm.

at the hilum, weight:
0+096 grams. Left ovary
contain:-d two small
follicleg. Weights_of
Poetuses: 7,7,6%,6%,6%,
7,7,7,7¢ grams. Weights of
placentae: 9 weighed 3.325
grams. average: 0.370 grams.
The placentae had to be
detached from the uterine
wall.

Prolongation 3+ days:

foetuses removed alive-
Maximum weight attained on
24th day, was 2 grams more
than that at term. At 5.30
p-.m. on 25th day 6 living
foetuses were removed from
uterus by Caesarian
cision. They were foster-
mothered but died. Weights
of foetuses: 6% grams
average. Weights of
placentae: 0.500, 0.600,
0.650 grams (only three
were weighed) - consider-
ably above the average
gize.



Comment s .

The most noteworthy fact in this group is that

\the foetuses retained in utero for 3% days beyond

‘normal term were still alive,

even though not viable.

| SECTION II.

|Section LI comprises 9 animals

|
0.5 cc. of the same extract

which received only

as was used insection I,

|1+, 0.1 cc. daily for S5 days-

injections were

!commenced at the same stages in pregnancy as in

Section I but the earliest stage - the third day - was|

Iomitted in view of previous

‘A.S animals: injected from

experiments.

the 7th day of pregnancy.

IDetails:—
‘Animal Pregnancy bleeding

Effect on pregnancy-

| D7

blood 14th;

much dark blood
15th-17th; blood
18th-23rd; much
dark blood 24th,
25th; little blood
26th .

E6 much dark blood
15th~-17th; blood
18th-20th; little
blood 22nd, R23rd.

F5 Blood 14th;

much blood 15th-
17th; blood 18th-
22nd; little
blood 23rd-25th;
much blood 26th-
30%h .

Resorption:

Maximum weight, attained
on 23rd day, was 43 grams
above initial weight and

1 gram above that at term;
gradual drop in weight
after 23rd day- !

Resorption: |
Maximum weight, attained
on 23rd day was 36 grams

above initial weight and
3 grams above that at term;
gradual drop thereafter. |

Resorption: '

Maximum weight, attained
on 23rd day, was 49 grams
above initial weight and
1 gram above that at term.
Stationary for three days
then a gradual drop-. Lest
was made on 24th day and
rat was fierce but would
not carry an 8-day old rath.
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Comments -

The excessive bleeding from the 15th to the 17th
day is noteworthy, and comparable with that of the
animals in Section I, Group A. injected at the same
stage in pregnancy but with a larger amount. Reference
is made to this phenomenon in the section entitled
Haemorrhage during Pregnancy.

B. Iaparotomy was performed on the 1llth day of
pregnancy on each of the three animals in this group,
in order to make sure that pregnancy existed as an
interruption was anticipated.

3 animals: injected from 11lth day of pregnancy-.

Detailsg:i-

animal <fregnancy bleeding Effect on pregnancy-

K3 Blood 13th; Resorption:

' much blood 15th, Maximum weight attained,

16th; little blood on 2lst day was 28 grams
17th; blood 18th, above initial weight.
19th, 20th; much

blood 21st; little

blood EZmd. ™~ =

B2 much blood 1l4th-16th;Resorption:
blood 17th-22nd; liaximum weight attained
little blood Z3rd; at term was 34 grams above
much dark blood 24th- initial weight.
27th; blood 28th-.

R much dark blood 1l4th Prolongation 4-5 days:

and 15th; Vaximum weight attained on

little blood 16th~- 20th day was 2 grams above

18th; blood 20th; that at term. It remained

little blood 22nd- almost stationary for 6

24th; much dark blood days at which point the

26th and 27th. rat made a nest (25th day)
and seemed about to litter.
At noon on the 26th day a
decomposed foetus was
removed/
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Animal Pregnancy bleeding Effect of pregnancy.

removed from the vagina,
and the "bridge" across
the opening, which had
persisted throughout
pregnancy, was cut to
free the foetus. At 10.30
p.m. the same day, another
half-eaten foetus was
removed,and on the 27th
day two decomposed
foetuses were removed.
The weight of one was

5% grams.

Comments.

It would seem that for this stage in pregnancy
and for this particular extract the effective unit
was somewhere in the neighbourhood of 0.5-0.6 cc.
ihile prolongation resulted in one case, the dose was
not sufficient to secure this result in the other two
animals. |
C. 3 animals: injected from the 16th day of pregnancy.

Details:-
Animals FPregnancy bleeding Effect on pregnancy-

K little blood 16th- ~Prolongation 6-7 days-
21lst, 24th; blood IMaximum weight attained
25th; much blood at normal term. It
206th-28th. remained almost station-

ary for 3 days and then
fell gradually. Between
the 27th and 28th days
there was a drop of 25
grams. The rat was very
ill; a dead foetus was
removed from the vagina
at 9.20 a.m. on the 28th
day; on the 29th day
another dead foetus at
12.45 p.m. Weight 6 grams.
The same day a Caesarian
cision was made and 4 =
dead/
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Animal Pregnancy bleeding Effect of pregnancy.

dead foetuses were removed:
weights 6,6,4%,5% grams.
Placentae were decomposed
and rather small. Follicles
of moderate size were
forming in the ovaries.

X8 little blood 17th- Prolongation 6-7 days.
194k, 21st, 22nd; Maximum welght attained on
blood 23rd; much 2érd day was 4 grams more

blood 25th-27th. than at normal term; it
then fell slowly till the
&7th day on which a drop
of 20 grams occurred over-
night . On the 28th day
a dead foetus was removed
from the vagina at 9.20
a.me.: weight 6.6 grams. On
the 29th day the rat was
dead: © dead foetuses
were in utero: weights
Ty T2, 675, T8, 64,
7 grams. placentae were
normal, average weight 0.3 |

grams .
H4 little blood 14th, Prolongation on 6 days:
17th, 18th; Maximum weight, attained
blood 20th; 24th day, was 6% grams

1ittle blood 21st; above that at normal term.

much blood 24th-28th.Between the 27th and 28th
days a drop of %1 grams
occurred during the night
and parts of dead fostus-
es were found in the cage
in the morning. '

'Comments.
Bleeding was notavly scanty in this group, the
‘haemorrhage after normal term being due to retention

of foetuses.

| Ihe following facts emerge from an examination of
 the/ |
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the results obtained in Group IV. As has been said,
the results are strictly comparable as the same
extract was employed throughout the group. (1)
sdministration of concentrated extract of human
pregnancy urine in the early stages of pregnancy, i.e.
before the 11lth day, is followed by an ianterruption
of that pregnancy at a later stage unless the initial
stimulus is made so strong as to overce me the dis-
ruptive forces which otherwise supervene. The cases
in Section IC demonstrate that this substance may be
administered from the earliest stages of pregnancy
without i1l effects provided that this point is
observed. (2) The failure of the birth mechanism
already observed in the earlier groups is a feature
here also, and freguently involves protracted labour.
(8) With the exception of the animals in Section IIB
the results show singular consisteney. A possible
‘eXplanation of the variation in response in this
particular group is offered in the discussion.

iwo facts were noted in Group IV.

(a) The frequency with which large epithelial cells

|
containing a large, darkly-staining nucleus, apoeared

in the smears throughout pregnancy.

Ilb) The presence of cornified and partly cornified
'cells in the smears from the 15th to the 18th day of
dregnancy. An attempt has been made at a later stagei

to elucidate the part played by alpha at this stage

of/ ;
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of pregnancy.

Seven ovariectomised mice were injected that it
might be ascertained whether there was any direct
effect of the extract upon the uterus. On five, an
early extract was employed, two receiving 0.36 cc. in
all, and three 0.8 cc- The extract used on Group IV |
was injected in two ovariectomised mice, each of which|
received 0.4 cc. Tor five days-. They were killed on
the seventh day and the genital tracts preserved.
Histological examination showed that the effect of the

extract is solely via the ovaries.

SUMITARY - ‘

l. Injection of an extract of human pregnancy urine
may prolong pregnancy from 2-7 days.

|2« In the early stages of pregnancy it may cause
interruption, but where the initial dose is a
large one or is quickly followéd by a second,
this is less likely to occur.

|

8. An amount which causes an interruption of pregnanc

' in the early stages will prolong pregnancy at T
a later date.

4. Vlhere pregnancy is prolonged for more than 3 days
litters are still-born, and parturition is
frequently protracted.

|
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II. AIKATLINE EXTRACT OF ANTERIOR PITUITARY.

The experiment by Teel (1926) formed the basis
of that to be deseribed, but owing to the excessive
amount of protein given if Teel's course of injections
were followed (viz., 1.0 cc. extract daily to term), an
effort was made to find the minimum amount which would
produce the same results. Thirty-six pregnan£ rats
were employed in this series of experiment which falls
into four sections: Section A deals with the injec-
tions of the extract in the various dosages stated.
In Section B, age and filtration tests were made: an

extraet prepared from zlands kept frozen for a week

after killing, was injected when a month old; the

effectiveness of the extract after this had been

passed through a Seitz filter was also examined- In
ithis Section, too has been placed one female to which
ithe extract was given on the 20th day of pregnancy,
Iand. two mice which received the same extract. '
' Section C deals with a feeding experiment in which th%
!extract was mixed with the deily ration of food, that

it might be seen if oral administration were as

effective as injection . In section D the effect of

‘various dilutions was examined.
|

TABLE/ |
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Jection A: 15 Rats.

(1) In the four animals (C4, F9, B3, C5) which
received a total of 6.0 c¢c. of extract from the 1l3th
day of pregnancy, pregnancy was prolonged between 5 and
7 days- In three cases growth continued after normal
term, 11, 12, and 143 grams being added. In only one
case (CH) did the maximum weight coincide with.the
normal term; it remained stationary for five days.

The foetuses were above the normal average and were
specially large in C4's case, where the average of
geven was 6.75 grams .* Those of C5 which attained her
meximum at term were, however, within the average, viz:

5 grams. In this rat parturition was protracted, two
|

dead foetuses being born on the afternoon of the 28th
:day of pregnancy and six more the following morning.
41l the animals in this group received injections of
pituitrin (Parxe, Davis & Co) on the 26th or 27th days%
Bleeding ocourred from the 15th to the 26th days, with|
& break on the 17th day, and was severe during the |
Fater stages.

(2) Where the alkaline extract of anterior lobe isi
injected/ |
The placentae were correspondin-ly large: 1.097, |
1.202, 0.510, 0.519, 0.588, 0.533, 0520, 0.495 grams.
Pne was attached to the uterine wall by fibrous tissue.
+he_0varies were large and a mass of corpora atretica; |
their weights were 0.091 and 0079 grams. (See Plate IX)
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injected in the early stages of pregnancy a slight
prolongation results but live litters are obtained, a
result which Teel also secured.

Pregnancy was prolonged for 2—2% days in each of
the four rats (C3, Fl1, A6, Bl) receiving between 4 and
6 cec. of extract commencing the first day of pregnancy-
growth continued after term in three cases, 4-5 grams
being added, but this did not affecet the weight of the
foetuses to any marked extent, the average of 15 being
5.0 grams.

In no case did littering occupy more than 4%
‘hours. Bleeding took place between the 1l4th and 17th
days in those animals which were injected to the sixth
day but was later in appearing in those whichreceived
'the smaller amount of extract, e.g., in A6 scanty
bleeding occurred on the 17th, 21lst and 22nd days; in
iﬁl bleeding was rather more severe and occurred between
&he loth and 22nd days with slight traces from the 25th
fo the 28th. In this case the continued appearance
of blood in the vaginal tract after parturition would |
seem to indicate resorption of unexpelled foetuses.

48 the litter numbered only two and the maximum

inerease in weight was 73 grams over the initial weight

ﬁhere ig little doubt that this condition existed.

(8) In subsequent experiments a decreasing amount of
|

extract/
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extract was employed in order to ascertain if such a
course would affect the result. After the initial
test on one animal - Rat 1804/6 - had proved success-
ful,'tests were made at varying stages in pregnancy
with the smaller amount.

In 1804/6 which received a total of 1.8 ce. of
extraect from the 6th day of pregnancy over a périod of
gix days, a live litter was born two days after term.
‘Growth had continued beyond term, 103 grams having
been added . The average weight of the foetuses was
0.45 grams. Bleeding which was scanty occurred on
.the 15th, l6éth and Zlst days-

(4) 9ix animals (B6, D2, ¥8, C2, Co6, F7) were
linjected with O.% cc. of alkaline extract daily for
Isix days from the 1llth, 12th or 1l3th days of pregnancy
:With effect on pregnancy in every way comparable with
Ithose secured by Teel with twelve times as much
Imaterial. In one case littering took place on the
24th day, i.e., a prolongation of two days; in all
Iothers, pregnancy was prolonged for 4, 5 and 6 days;
:the litters were still-born. Growth continued after
iterm in only three cases, in one of which the
(difference between the maximum and normal term weight
EWasnmrely 1l grem; in the other two the difference

|
‘Was 1l and 12 grams. In the latter case the foetuses

were/



were considerably above the normal, the average weight
of nine being 6.86 grams (one weighed 8 grams). In
two animals the maximum weight was attained a day
before term and remained stationary for 3 or 4 days.
There were three instances of protracted parturition:
B6 littered at 9.20 a.m. on the 26th day, and,still
‘being pregnant,was given pituitrin. Another‘dead
foetus was born at 3.30 p.ms At 630 peme.
'hysterectomy was performed and 5 dead foetuses were
removed . Lhere was much venous blood inside the
!amniotic sac. DZ littered at 10 a.m. (3ix dead) and
lagain at 10 p.m. 06 littered during the night and
!again at 1 pe.me

Bleeding in this group oecurred at two stages:
ibetween the 14th and 20th days (approximately) and
Iagain before littering - between the 25th and 27th

|days.

Section B: 13 Rats, 2 Mice.

(1) Age iest. In this group and those which
immediately follow, the lengthening of the gestation

'Period is so slight owing to the eurly stage at which

injections were commenced, that each case has to be

examined on its merits-. This ig rendered necessary

in view of the fact that instances were found in the

‘normal controls in which pregnancy lasted till the
afternoon/

|
|
|
1
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afternoon of the 23rd day.

Three animals (P3, Pl, Ko6) were injected from the
third day of pregnancy for five days with 1.0 cec.
daily of the extract already employed with success on
the animals in Section 4 (2). The same extract was

:also used on the late pregnaincy test to be deseribed
(Rat F2). 1t had been kept frozen for a month and

lwas found to have retained its potency-. Pregnancy

' was prolonged from 1% to 2 days and live litters were
obtained. in one case the maximum weight was

|

| attained after term, the difference being 13 grams;
in the other two the weight remained stationary for
40 and 40 hours respectively. The average weight of

| 16 foetuses was 5.6 grams. iHaemorrhage was of a

gcanty nature in K6, and in Pl and P3 was coafined to

Ithe 15th-18th days with slight traces before and after.

' There was no instance of protracted labour.

|
|
|
|
|
|
llE] Filtration Test. five animals (P4, P7, P8, kl4,
|

|

| R7) were employed on this test, of which three were

'injected with a total of 3.2 ecc. and three with only

il.e ce. of extract. In both groups the injections
were spread over only four days, commencing on the
third and second days of pregnancy respectively.

| bittiers were born on days 23, 23%, 235, 24 and 24.

élt is noteworthy that the two animals (R7, x14) which

Teceived/
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received only 1.6 cc. of extract were those in which

| gestation persisted for two days beyond normal term.

| 7ith one exception [Kléf%the litters were alive, but

| the average weights were on the whole considerably
lower than normal, e.g. 3.8 grams (P4), 4 grams (P7)
5% grems (P8), 5.04 grams (R7), 4 grams (X14). ihe

| low average weights may have been largely aue.to the
fact that the maximum weight was generally reached
before term and remained stationary for a considerable
time before birth e.g. P4: 36 hours, P7: 72 hours
(litter 10, of which 7 were dead), P8: 30 hours,

R7: 65 hours. Lthe extract may have delayed develop- |

ment of the embryo at the outset but have been

incapable of making this good at a later stage. (It

is interesting to note that the placentae of 114 were|

abnormally large, thick and vascular: their weights
were: 0.7, 0.8, 0.9, 0.5 grams. The horn containing |
the three first was twisted on itself and there was |
marked venous congestion. The foetuses in this horn
were between 5.5 and 4.5 grams in weight).

Bleeding was scanty and occurred about the 15th
day preceded and followed by slight traces. In K14
it occurred earlier and was probably associated with
the abnormal condition of the uterus-

t(s)/ ' |
KIZ died on the 24TL day of pregnancy. The condition

alluded to below may have been due to a fall about |
the tenth day.

%*
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(3) Unit Test. Four animals were employed on this

section (M1, M6, R4, R5); the first three were
Iinjected with a total of 2.0 cec. and the fourth with
;1.0 cc. of extract commencing the first day of
Ipregnaney, injections being spread over five days.
In the three animals receiving the larger total:

;2-0 cce., live litters were obtained on days 53 and
:23%. The maximum weight was attained at term in two
cases and on the day following in one. In M1 the
:difference between the initial and maximum weight was
I98 grams . The average weights of the foetuses in the
three cases were: 5, 5.2, 6 grams. The animal
receiving a total of 1.0 cc. littered at the normal
time, 21.5 days; the foetuses were alive and
iaveraged 9+25 grams. |

: As no phenomena indicative of prolonged gestation
;Occurred in any of the members of this group it is |
| doubtful whether an effect was obtained. It is
concluded therefore that the effective unit is 2.0+ cc.
lWhen given in five daily injections at an early stage

of pregnancy.

Bleeding occurred, on an average, between the ,
!14th and 16th days and was exceedingly scanty. This
Ifeature was associated with the appearance of
icornified cells in the vaginal smears the significance

.Of which is dealt with later.
(4)/
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(4) Late Pregnancy Test: one animal.

Rat F2 was given a total of 5.0 cec. of alkaline

extract as follows:

1.0 ce. at 8 p.m. on the 20th day,

1

n

Results.

23rd day:

26th day:

27th day:

It is

LU I 155, I | (RS- 05 L~ SR

17 6 p Me T 1" 1" n

a foetus was born alive at 10 a.m.; the
cord was cut to secure its release; it
was eaten at 12.30 p.m. the same day. No
more foetuses were born till

one dead foetus was in the cage at noon;
weight, & grams.

rat was killed under ether - 3 more
foetuses were in the uterus which was
septice; weights, &, 7, and 5 grams.

The ovaries contained several recently
formed corpora lutea.

remarkable that the main effect secured by

i
!
Feel by the injection of 20+ cc. of extract over a
|

period of 21+ days (viz. prolongation of pregnancy)

can be secured by the injection of a seventh of that

amount (probably much less) in only 60 hours.

| It is generallyassumed, in the experimental

injection of extracts in the mouse, that the

reproductive/
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reproductive system requires 84-96 hours for a

definite reaction to be manifest macroscopically in the
living animal. Uur figures are based on experiments
#ith both placental and pituitary extracts, the figures
giVen by many workers,and on the procedure adopted in
the Zondek and Aschheim pregnancy test where ﬁhe

lanimals are killed on the fourth day after the first
hnjection- It is admitted that there is an ovarian
ﬁesPonse much sooner than the maximum period fixed by
the test but this is of an incomplete nature.

A+S. Parkes (1930) mentions 84 hours as being required

for the maximum vaginal reaction to alpha, i.e. 48

hours after a 36 hours period of injection. Smith

and Engle (1927) however, induced sexual maturity in

the immature female mouse in 36 hoﬁrs; usually the

reaction reguired three days, and in the rat longer-.
This instance would seem to demonstirate

eonclusively that the proloagation of gestation induced

by the extract is the result of some failure of the
birth mechanism and not due, in this instance, to size
Pf the foetus interfering with its delivery, nor to a |
i&te maturation. At this stage of pregnancy, the E
growth of the foetus must have been already complete oé
nearly g0 - in only one case is the weight above
mormal. In those cases where injection was started

|
Sufficiently/
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sufficiently early to produce enlargement of the
foetus,this was undoubtedly a contributory factor to
protracted parturition. It is not, in our opinion,
the main factor.

Two minor experiments might be mentioned here.
In our mouse colony an animal (C2) was encountered
ﬁhich hau a history of abortion about the 14th or 15th
day of pregnancy, at which time a large amoumnt of
blood was to be seen in the vagina. In the third
pregnancy in which this occurred,an injection of 0.4 GG
Pf the alkaline pituitary extract was given in one |
:dose, on the 1l4th day, which was the occasion of the
first appearance of bleeding-. Haemorrhage persisted
;till the 17th day and was scanty on the 18th and 19th; |
ihe weight of the animal remained stationary during |
that time but rose 5 grams between the 18th and 22nd
days (to 43 grams). On the evening of the 25th day
!she was killed when a partly resorbed foetus and large
placenta were found in the uterus; there were three |
\0lood points in the ovary.
In the above case the prolongation of gestation
ean definitely be asceribed to the injection of the
extract but it is impossible to determine whether it
Was equally responsible for the continuance of |
Dregnancy.

liouse INl also, was injected with the alkaline

Xtract/
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extract . This animal was unilaterally ovariectomised
on the sixth day of pregnancy; from the tenth day she
received daily injections of 0.4 cc¢. for three days.
The placental sign appeared on the 1l2th day and was
observed in diminicshing amount for four days. The
maximum weight was reached at term and thereafter fell
slowly till the animal died on the 2Znd day. Une
foetus was found in the cage; two others were in the
‘uterus and weighed slightly over 1 gram each-. The
placentae were larger than normal: 0.183, 0.159,
10+221 grams.

! as in the case of mouse CzZ, it is here, also,
Eimpossible to state whether the extract had any effect
in stemming abortive tendencies. That it caused a
'slight extension of the gestation beriod is likely as
!also increased placental growth beyond the normal.
iSeetion C.

Feeding alkaline extract of pituitary. Iive pregnant

‘animals were set aside for this experiment; each rat

occupied a cage to herself and as much maize was
‘placed on a dish as was likely to be consumed in the
|84 hours. With this the extract was mixed each day
[for four days and any food left over was placed on the|

‘tOP of the next day's ration, thus making reasonably i

Sure that each animel received the same amount of

extract/
|
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extract - The treatment was commenced. from the 2nd,
jth, 11lth, 15th and 15th days of pregnancy resgecfively;
:a total of 6.0 cc. was given to the first three animals
and 12.0 ce. to the last two, obut without effect.
Live litters were born on the 22nd and 23rd days in all
cases.
Section D-.

In view of the experiments carried out by
Courrier and Kehl (192%} with this extract upon cats,
it was decided to test the effect of various dilutions
bn three rats. Each animal was given four injections;
bne received a total of 0.4 cc. one 0.2 cc. and one

0.1 cc. Pregnancy was uninterrupted and normal litters

were born at term. |
SUMHARY -

P- Pregnancy is prolonged after administration of an |
alkaline extract of pituitary. ‘

|

%+ Where injection covers mid-pregnancy, the gestation

period is prolonged from 2-7 days but litters

are invariably still-Dborn and parturition is

frequently protracted.

3. Where injection ceases before mid-pregnancy, the
gestation period is prolonged for 2-2z days but
litters are born alive-.

4. If the extract is administered to a rat two days |
before term, parturition is delayed for 3-4 days.

9+ The extract has no effect upon pregnancy when
administered orally. '

6. In dilute form it does not interrupt pregnancy.




1II. IMPLANPATION OF ANTERIOR LOBE (PITUITARY)

By means of implantation of small amounts of
|anterior lobe tissue in pregnant rats and mice, Tingle
and Mermod (1928) caused pregnancy to be interrupted.
In none of the animals receiving implants beginning the
first day after insemination were pregnancies obtained,
and interruption occurred in all cases where implanta-
tion commenced between the 4th and 6th days, and was
lagsociated with severe haemorrhage at a later stage.
!Where implantation ctarted from the 12th to the 15th
days,; pregnancy was interrupted in only 40% of the '

cases, but 8 out of 12 rats receiving implants between
the 15th and 17th days aborted. The heavy discharge
|of blood from the vagina was a very notiiceable

ifeature in both rats and mice. Large follicles had

i
iformed in the ovaries and advanced oestrous changes
|
|

existed in the uterus.

| It has been found that an extract containing
pituitary hormone (Rho factors) caused follicular
maturation when given in small amounts but luteinisa-
tion of the follioles when- larger quantities are

administered. Un this assumption, it was thought

that large implants of anterior lobe tissue would

‘cause fresh luteal tissue to form and so prolong

!?regnancy as in the case of the alkaline extract

|
' experiment /
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experiment described.

There was no means of reckoning what amount of
tissue was likely to produce kyogenie results i.e. to
cause development of luteal tissue in the ovary, so
this was made the matter of exoseriment. The first
group of animals comprised four pregnant rats: two
had reached the seventh day of pregnancy, oné the sixth,

and one the fifth day. The total amount of tissue

(which was implanted in two operations) was eaual to

‘half an ox-pituitary; 1in order to ensure a definite

reaction, portions were taken from four different
glands whiceh were finely minced, and, after mixing
'divided into four portions. No ill-effects were
lexperienced, but in order to give the animals tine to |
;reeover entirely from the effects of the first opera-
;tion, 48 hours were allowed to elapse between the i
|first and second implantations. In all those cases
:where pregnancy was permitted to proceed to term
!gestation was slightly prolonged; in no case was
\there an interruption of pregnancy. The small amount|
| of bleeding is noteworthy, more especially in view of |

'Engle and liermod's results.

Group I/
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TABLE

Effect of Implantation of large amounts of
Anterior Lobe Tissue in Pregnant

Rats.
Tot. Amount lo. of Time of Implantation Effect upon Pregnancy
of Tigsue Animals _

Group I 4 7th and 9th days Prolongation of Pregnancy 1-2
Half ox- g 4 ) s " | days; two live litters; protracted
pituitary 6th and 8th ¥ parturition in one case.

5th and 7th "

of pregnancy
Group II. 5} 13th, 13th, 11th, Prolongation of Pregnancy 4+ and
#hole ox- 9th, 4th days of 6 days in 3 cases; Resorption in
pituitary pregnancy 2 animals.
Group III. 2 4th day of pregnancy ? any effect.
Small piece
ox=-pituitary
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Group Iy
Details:

Animal Implants Bleeding

1804/7 7th and  1l4th,loth,
9th days 17th days.

1804/1 7th and 12th
9th days day

1804/2 6th and 8th 15th,l6th
days days
"little
bleeding
on 1&th
and 2lst.

1804/5 5th and 14th-16th

7th days days little
bleeding on were partly eaten at

17th,18th
and Z2nd .

Effect on
Pregnancy

Prolongation 1% to 2

days with protracted

parturition. Three

dead foetuses were born |
at © p.m. on the 23rd
day; weights 5.6, 5.2,
©.0 grams. At 10 a.m. on
the 24th day 2 males
were born alive and a
female dead. The maximum
weight was reached on the
23rd day and was & gramsg
above that of normal
term. The weight fell

57 grams on littering.

Killed on 12th day in i
order to ascertain the |
degree of development of
the embryo as it was '
anticipated that this ‘
might be retarded. .
Imbryo and membranes '
measured 6 mm. |

|
Prolongation one day. |

Tline foetuses bora alive
on the 23rd day; average
weight was 5.5 grams. |
IMaximum weight reached |
21lst day (day before ‘
term) and remained :
stationary for 30+ i

hours. ,

Prolongation one day.
Two newly .orn foetuses

10 a.m. on the 23rd day-.
Maximum weight was :
reached on the 20th day
i.e. 2 days before term
and fell 30 grams on
littering.
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Comment g+

The results set forth bear a strong resemblance
to those obtained by injection of the alkaline
pituitary extract in the early stages of pregnancy:
pregnancy was slighly prolonged and live litters
obtained. While the extension of the gestation veriod
over the normal is only a slight one, the uniformity
of the results appears to have some significance and |
to point to a definite effect-. This is especially
the case when the facts are correlated with the
protracted gestation in one case and the incidconce

of maximum welght in all.

Group II. consigted of five pregnant rats, in each

of which anterior lobe tissue equal to one whole 5

| 0X-pituitary was implanted intraperitoneally at one

operation. Tissue actually from five anterior

lobes was implanted in each animal, though the

amount received by each was equivalent to one in

weight. The animals were in a state of partial

| collapse the day following the implantation and it

was difficult to rouse them from their lethargy and |
t0 induce them to take food. Presumably this was
due to the excessive amount of protein administered. |
They were kept as warm as possible, and stimulant was

added/
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. added to hot milx which was freshly prepared twige
j daily; they refused all their ordinary food except
| lettuce. This state of semiprostration lasted for
;about four days, diminishing towards the end of that
:time except in the case of EZ which reguired to be
hand-fed daily throughout pregnancy.

Pregnancy was prolounged in three cases and
resorption occurred after bleeding in two.
| Details:

Animal Transplants Bleeding Lffecet on fregnancy.

Ad 13th day 11lth,13th Resorption.

18th; Weight was only slight-

"little ly above the initial
bleeding’ weight throughout
19th-22n8; pregnancy-

blood 23,

26, 26

B4 13th day 19th-24th Prolongation 4+ days.
Killed under ether on
26th day; & foetuses
removed (septic);
uterus septic; total
weight of foetuses 30
grams. Cold abscess
formed where tissue
implanted.

paximum weight reached

21lst day - 20 grams
above initial weight,
remained stationary
for three days, then
fell slightly-

E2 11lth day ? Prolong tion 6 days-.
Weight not taken.
Litter born 28th day;
8 foetuses (dead and
somewhat decomposed);
placentae had been
eaten/
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Animal Transplants Bleeding Effect on Pregnancy -

eaten. Weights of :
foetuses: 4%,4,4,3,3%,
43,5 grams, and one
partly eaten.

AT 9th day 15th,17th- Prolongation 6 days.
19th,21st Four dead foetuses (of
Zzand,c4th- which & half-eaten)on
28th(Severe) 28th day - deeomposed,

two weighed ?~ grams
each.

Maximum weight reached
24th day, remained ;
stationary for 4 days;
15 grams above weight
at normal term.

B7 4th day 14th,16th, Resorption after
18th-23rd. bleedlpg
Maximum weight reach-
ed on 2uth day, 25
grams above initial
weight .

Group III-.

In view of the extensive experiment carried out |

by Engle and liermod with the repeated implantation of

ismall amounts of anterior lobe tissue it seemed

i
unnecessary to devote time and animals to a renewal of
Fhis experiment . However two were set aside for a

|
single implant . that a single implant is without
|

effect was demonstrated by Zondek and Aschheim (1927
and 192&@, but it was deemed advisable to use this i

method of control for the larger amounts.
| The material for implantation was administered at |

one operation on the 4th day of pregnancy. The tissue
!
leonsisting of portions from six glands) measured

Fpproximately 3-4 mm. square x 1 mm. thick.
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Details:
Animal Bleeding Zffect on Pregnancy.
J3 little bleeding Probably no Effect. -

Ja

A5thH, Teth 18 th Ten living foetuses were

days- born at 5.45 p.m. on the
2érd day, the average
weight of which was & grams.
The maximum weight was
reached on the 2%rd day,
this was & grams above that
of normdl term, and 76%
above the initial weight.

14th-17th; Probably no Effect-
19th,20th(little Ten foetuses were born on
bleeding ) the 23rd day, of which 8

were alive; their average
weight was 5 grams. [The |
maximum weight was reached |
on the 25rd day; this was

7 grams above that of
normal term and 83 above the
initial weight.

As there were no indications to a prolongation

of pregnancy, it is assumed that an implant of this

gize has no effect upon the pregnant animal.

S

SUMIMARY .

Implentation in the rat of a very large amount of
bovine anterior lobe tissue at one operation
may cause pregnancy to be prolonged for 4-6 |
days; 1litters are still-born. -

Implantation of half this amount of tissue causes |
a shorter prolongation and litters are born
alive.

A single small implant has no effect upon preg-
nanecy .
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' IV. Additional Observations.

Data were collected both amplifying and arising

out of the experiments already made. The effects of
|

' the removal of one or both ovaries in mice at various
gtages of pregnancy}and of injection of a corpus luteum
extract into rats until mid-pregnancy, were investigated.
The daily smearing, weighing etec., afforded‘material
'for such studies as: haemorrhage in pregnancy, the
lgrowth of the mother and of the foetus in pregnancy,
and the cell content of the vagina under the various
!treatments administered. These data are given here-
.with:

A. Corpus lLuteum Extract - Rats.

It was thought possible that injection during
pregnancy of an extract containiﬁg that principle ‘
Iwhich promotes decidual growth in the uterus, might soi
affect the metabolic processes of reproduction as to
icause enlargement of the placenta and/or of the foetus
iat a relatively early stage in pregnancy- The group
!of experiments to be desceribed was carried out with a |
:view to examining this point; twenty pregnant rats
iwere injected daily from the 4th, 5th, 6th or 7th day ‘
of pregnency to the 15th day, with 0.3 cc. of the ‘
Prepared corpus luteum extract as described at the :

outset of this paper. In this way each animal

received/
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received not less than 1.5 cc. of the pure extract

which is in excess of the amount required to cause

;progestational proliferation in the rabbit. On the

fifteenth day of pregnancy, the rats were killed and
the foetuses and placentae were weighed and compared
with the weights of those of nine control pregnant

rats. In one of the injected animals greénancy had

been interrupted at an early date; the placental sign

| hau not occurred but implantation sites were visible

in the uterus. The results of the experinments are

| set forth in the following tables anda histograms.

TABLE .IV.

| Minimum and llaximum weights of foetuses and placentae

(corpus luteum extract) ;

foetus placenta

minimum control 160 mgm. 130 mgm.
n injected LeH: M 119 ¥
meximum control 380 n abQ. ™M
H injected 530 " 28g. . 4

The average weights as shown in Table .V presenti
& truer and fuller picture for purposes of comparisonj
these are based on the average weights of the foetuseé
and placentae in each experimental animal from which !

total averages are derived. '



Average Weights of Foetuses and Placentae in Control
and Injected Rats. (Corpus ILuteum)

T Controls Injected i}
Foetus Placeata Toetus Placenta
(averaze) (average) (average) (average)

226 mgm. 154 mgm. 223 mgm. 152 mgm.
254 167 440 130
271 1YL 294 .215
288 176 291 162
3380 193 273 _ 184
a7a 185 330 a1
298 187 294 164
| 238 238 263 177
| 261 170 284 207
250 198
284 257
166 148
155 i i/
510 213
300 L7
449 216
170 143
2782 242
e 493 254 ‘
L0t.2438 mem. 1641 mgm. 5541 mgm. 3667 mgm.

Av._ 271 mgm. 102 mem- 252 mam. 198 mgm: |
|

|
|
|
]
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40+ HISTOGRAM OF PERCENTAGE VARIATION IN WEIGHTS OF PLACENTAE FROM |0 CONTROL RATS
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It will be seen from the histograms that there ig
a slight shifting to the right in the curve for the
foetuses of the injected animals, and a flattening of
the curve for the placentae of thece animalsg. If
this was attributable to the extract and not merely a
fortuitous circumstance, it is possible that the
foetus benefited from an acceleration of fhe metabolic
and assimilative processes taking place in the placenfa
| owing to an excess of hormone. The curves are so
| nearly similar, however, that one cannot assign any
appreciable effect to the extract, and one must
| econclude that provably the excess of secretion over
:that absorbed in the genital tract, was expelled
jthrough the ordinary channels.

| Histological findings-

Control) Killed 15th day of pregnancy. .

Rat 119) Ovary contained large active corpora |
lutea - the luteal tissue was vasculari-
sed and the central cavity filled in
with connective tissue; also two
primary follicles, one of which was
moderately large; the ovum in this was|
detached from the base of the follicle|
and the cells of the discus proligerus
were loosening from one another and
from the rest of the granulosa. i
(See PlateIA,IT) - ,

Rat 453: Injected from 4th to 15th day of
pregnancy; killed on 15th day «
Uvary contained corpora lutea similar |
in structure to those of the control, |
also three small primary follicles.

(see Plate IB)- |

In/



-8

In addition to the pregnant controls employed,
four unmated females received the equivalent of 1.5 ca.
pure extract of corpus luteum over a period of twelve
days- This amount did not inhibit oestrus nor render
sterile a mating which took place during the injection.
It should be noted, however, that this particuler
batch of extract when tested on rabbits for its power
to cause gestational proliferation of the uterus, and
inhibpition of its reaction to pituitrin (Robson and
11lingworth (1931)) proved inactive. This was the
only consignment (out of four employed) of which this
can be said. Its injection into ovariectomised mice
revealed the presence of alpha when the equivalent
of the daily dose given to a rat was administered,
viz., 0.3 cc. of the prepared extract. IThe
difficulty of eliminating alpha in the preparation of
corpus lutewn extracts has been experienced by Corner
and others, and for this reason great care was taken
to discard all cystic corpora at the outset, as the
fluid in such cysts has been found to contain alpha.
The glands used in the extract which caused cornifi-
cation in ovariectomised mice, had alreauy undergone
the initial stages of preparation before reaching the
Macaulay Laboratory, and this precaution had not been
observed . It ean be sgaid, however, that one unit of
alpha administered daily to a rat is insufficient %o

interrupt/
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interrupt pregnancy. In the rabbit, the presence of
alpha in fairly considerable quantities, up to 1,000
mouse unite, does not override the progestational
eaction of the uterus to beta or the corpus luteum
hormone (Robson and Illingworth (1931)). According
to the results reported by Patel (1930) this ca not
' be said of the mouse. '
Furthermore, it is noted that extracts which
| cause progestational proliferation in the rabbit do
not, however, cause a significant increase in the
growth of the foetus or placenta. From our own and
Teel's experiments,it would appear that such growth
is capable of modification only after the first half
of pregnancy and not in the ' initial stages. This
conclusion is probably not of general application but
' may refer only to such animals as the rat, mouse, etc.
;in which the major portion of the growth of the foetus
' takes place in the last third of pregnancy. The
'injection of corpus luteum extracts in the rabbit may
produce different results owing to the fact that in
this animal intra-uterine growth is most rapid oetween
the 9th and 15 days,when 704/ of its weight is added
daily as against only 212% daily from the 15th to the
20th day. (Minot (1907)) .
A comparison of the effects produced by injection

of corpus luteum and pituitary extracts, leads one to
the conclusion that to effect any change of consequence

in/



in the ovarian cycle, and more especially in the

reprouuctive phase of that cycle, the method of

approach should be through the ovary via the pituitary

and not directly upon the uterus.
SUMMARY .

The injection of pregnant rats with a corpus
luteum extract which contains the factor responsible
for progestational proliferation of the uterus of the
raboit, does not have any appreciable effect on the
size of the placenta or of the foetus up to the 15th

day of pregnancy.

B. Removal of Ovaries - Ilice.

The experiments to be desceribed were carried out
with a view to ascertaining (a) at what stage ovarian|
secretion ceases to be neoessafy to pregnancy, and |
(b/ the extent to which the remaining ovary (after
unilateral ovariectomy) is able to support a pregnancy
which was initiated in the presence of two ovaries.
It has been established (Long and Evans (1922)) that
there is a definite relation between the number of l
corpora lutea of pregnancy and the number of foetuse%
to what extent this relationship may be divorced in
Pregnancy without danger to the life of the foetus,
appeared worthy of investigation. The readjustment |

to/
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to the new conditions imposed upon the surviving
ovary in the non-pregnant animal (as manifested in
the oestrous cycles/ was also examined.

The experiments to be deseribed fall into two
gsections: Dbilateral ovariectomy and unilateral
ovariectomy .

For bilateral ovariectomy 90 mice, mainly multiparous

were employed; these were arranged in groups for
operation on the following days:

on the 7th day after vaginal plug - 18 mice;

on the 10th " o H GRS T R
on the 13th " e 4 R ¢ i
on the loth ¥ g " o= 8 i
on the 19th N 7 i LA s

Pregnancy was terminated in all cases except
the last: one mouse bilaterally ovariectomised early
on the 19th and two late the same day had live litters
at term tHﬁ, D@'
nunbers were employed as one was not certain that

F8). In the earlier groups large

Pregnancy existed. In the three last groups the
placental sign had been observed.

As the element of shoeck could not be wholly
ignored, the second ovary was removed in 19 animals
in a pregnancy subsequent to that in which the first!
Was removeds unly the late stages of pregnancy wer?

examined/



| hypertrophied. This occurred also in one amimal from

examined in order that the threshold of safety might
be ascertained. 2t the same time attention was paid|
to the degree oi activity of the ovary as a whole, and
the stage at which degenerative changes in the GOrpOr?
lutea were most manifest. :
The effects on pregnancy.were as follows:i-
1léth day: removal of the second ovary on the 16th '
day was followed by resorption.
17th day: (5 animals/ abortion took place the i
following day in four ca:ces; the foetuses were dead é
and weighed from 0.5 to 0.6 gram each. One animal ;
littered at term, but laparotomy showed that some
ovarian tissue had been left when the first ovary was
removed in the previous pregnancy and this had
|
which the second ovary was removed on the 18th day; a|
litter was born a day before term of which four were
living and three dead.
18th day: out of six azimals allocated to this group
dead litters were born to five on the 19th day. The
single case (C4) in which a live litter was born on
that day, had had her previous litter prematurely. In
two cases (H;, Fq) the second ovary was removed ?

between 5 and 9.20 p.m. on the 18th day. (One

aborted the following morning; one foetus was alive

and/
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and one dead; at the time the ovary was removed the
bursa ovarica was distended with blood - a possible
indication of the approaching collapse of the vascular
supply - the other mouse had a live litter at term
(the 2Uth day! . It is noteworthy in this case that,
at the time that the ovary was removed it was anaemic,
and histological examination showed considerable
degeneration of the corpora lutea. Two mice submitted
to laparotomy and manipulation (Dl, Ky) had live
litters, one at term and the other a day later.

:19th day: Of five animals from whiceh the second
:ovary was removed on the 19th day, four had live
|

|litters and one still-born.

Histological examination of ovaries: !

|

|

|

|
6th day ovary: Corpora lutea contained no degenerated

| (TT4) cells; numerous small Graafian

! follicles were present. |

|

I

|

175 day ovary: Mature corpora lutea as defined by
?KE) Sobotta; thecal ingrowth marked;
gome blood in centre of corpora.

‘18th day ovary: Full of active corpora lutea - mature;
(F ) theca at the centre; a few
‘ degenerated luteal cells.

183 day ovary: A few degenerated luteal cells in

i (Fb) corpora lutea: theca cells still

| apparent .

' 19th day ovary: (1) degenerating corpora lutea,

(G5) (noon) definitely passés.

-(HR) (2) eorpora lutea definitely degenerj

i ated.
I |
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fﬂe) (8) lutein cells large and soft, prior to
degeneration; numerous large follicles
present .

With the e.ception of TT4 (6th day ovary) and
IH6 (19th day), the ovaries examined were removed fom a
pregnancy subsequent to that in which the first ovary
was removed. In the case of Hg both ovaries were
removed at one time. It would appear that only in
those cases in which degeneration of the luteal tissue
of the ovary has already commenced, can the ovaries be
dispensed with without danger to the life of the foetué-
This degeneration probably commences late on the 18th

day of pregnancy; by the middle of the 19th day ;
degeneration is far advanced and little danger attends
|removal of both ovaries at this stage. The mechanism
of parturition appears to involve a number of factors |
;and is discussed elsewhere in this paper.
Control experiments were carried out in which |
menipulation of various degrees was employed: 19
animals were used. Two such cases have already bean!
desceribed. The oviducts of both ovaries were
ligatured by passing the thread under the oviduct
instead of over the ovary and section was made

|
| immediately above the ligature without interfering with

the blood supply to the ovary; normal pregnancies

ensued .

1 Tt

In framing the second series of experiments, 1-.€

tom

&

that aeallng with the effects of unilateral ovariec

it/
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it was assumed that provided ovarian sedretion was
present, pregnancy would not be interrupted, or if at
all, only in the early stages. Ior this reason the
13th day was the latest stage at which the operation
was performed. The results showed from what point
one ovary is able to fulfil the function of two in a
pregnancy initiated in the presence of two.” The
strain on the remaining ovary would naturally be
greater at a time when the pregnancy changes are not
:fully established than in the later stages when the
!placenta is approaching its maximum development. o
‘nulliparous mice were used on this experiment and were
fed and housed under the same conditions as those used

for bilateral ovariectomy. The vagina was examined

!every day and the mice weighed daily throughout
:pregnancy.

15th day: On the 15th day after vaginal plug 7 mice
were unilaterally ovariectomised, and bore litters
between the 19th and 21st days-.

10th day: On the 10th day after plug 14 mice had one

| [

ovary removed; of these -

| =
‘ 9 bore litters between the 19th and ZUth days;

o u on the 17th day;) |
) still-Dborn |
e 1" n " 18th day;)

2 aborted on the lo6th day-.
itter4

e The average number per 1itter in the live 1
|
‘was/
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was seven. The partial withdrawal of ovarian
gseceretion at this stage appears to have had some
adverse influence upon pregnancy in that there are
only nine normal litters out oi fourteen. It was

thought that such an effect (if@perative} would Dbe

‘more strongly felt on that side of the uterus from

\which the ovary was removed, but it woula appear that

where abortive forces are initiated, these generally
affect the whole uterine system simultaneously. .On
the 19th day of pregnancy,two mice were opened and
fully developed foetuses were found to be present in
both horans of the uterus.
7th day: For unilateral ovariectomy on the 7th day
of pregnancy 21 mice were employed; of these 10 had
normal litters between the 19th and 2lst days, and 2
had still-born litters on the ZZnd day after seven
days' bleeding. Abortions occurred in 9 cases:

1l on the day following the operation.

2 on the 1l4th day

4 " 16th

L LU 7,9 R

1t ¥ l8th.  #

Cases of resorption and abortion are not

|uncommon in non-experimental animals; so high a

percentage as 5V, however, would seem to indicate some

interference with the pregnancy mechunism. That thisl

should/



should be so slow to manifest itself is difficult to
explain; this point is touched upon in the discussion
There appeared little definite relation between the
incidence of the placental sign and abortive tendencies;
its duration did appear to reflect an abnormal

condition in two cases: still-born litters were born
on the 21lst and Z2nd days after 7 and 11 days'

haemorrhage respectively.

6th day: W.B. Kirkham (1916) has shown that the ova
only reach the uterus at the end of the fifth day after
ovulation: it seemed desirable, therefore, to test the
effects of unilateral ovariectomy at this early stage.
In some cases the oviduct was not removed with the
ovary, as three of the five days are occupied in the
| passage of the ova through the oviduct, and if mating
joccurred early in o:zstrus removal of the oviduct might)
‘entail their destructi.on before the uterus was reached.
.‘ . Eleven mice were used; two bore litters, the
:average number per litter being seven. Resaption
took place in one case, and abortions in eight on the
following days: 7th, 10th, 1lth, 11th, 12th, 1l4th, and!
loth days. i
One mouse (PPg) which aborted crumbled foetuses on

the Z2nd day of pregnancy is disregarded as she mated

during pregnancy: on the 9th day. Laparotomy in two

cases/



cases showed that foetal development in that uterine
horn from which the ovary had been removed was
unafiected.

1lst day: Unilateral ovariectomy was performed in 27
mice at the end of the day on which vaginal plug was
observed, in order to ascertain if pregnancy could
reach its normal termination after interierence at
such an early stage. In no case did pregnancy occur:

Ether only: 4as it was felt that the element of.

operative shock might play a part in the result
obtained, 17 mice were given anaesthesia alone at the
end of the day on which plug was observed. To make
reasonably sure that a fair proportion of the animals
were pregnant, several mice were employed that had
mated a second time. There were only two live
litters and two still-born; abortion and resorption
odcurred in two cases and in a doubtful third. This
control experiment would seem to indicate that even
relatively light narcosis at the earliest stage of
pregnancy is attended with considerable danger.

The results obtained in this experiment confirm
the observations of Harris (1927-1928) in so far as
bilateral ovariectomy is conoerned)but not as regardsi
unilateral ovariectomy. He found that, after bilateral

|
ovariectomy pregnancy was terminated in all cases i

where/
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where the operation was performed in middle and early
advanced pregnancy: subseguent to the 15th or 1l6th
day of pregnancy, the operation was followed by abortion
accompanied by a very high percentage of still births.
Where ovariectomy was performed in the early stages,
the animals were autopsied 2, 8, or 4 days after the
operation; in a few cases about 10 days- The same
procedure was adopted in the case of those animals
Iwhich were unilaterally ovariectomised, and in the
control animals where there was manipulation only.
Harris used only six animals: three for unilateral
|ovariectomy and three, as controls, for exposure and
:manipulation of the ovary-. In only two cases was

‘pregnancy carried to term, and of these: (1) a dead

=

l
ilitter was born {(after unilateral ovariectomy at the

|12th day) and (2) a live litter after the same
operation on the 1l3th day-. Of the other cases he
;Btates: "leither unilateral ovariectomy nor exposure
and manipulation of the ovaries during pregnancy

‘terminate pregnancy”. As the animals (with the two

ilzth, and 1l4th days of pregnancy, such a statement

exceptions quoted above) were killed on the 12th, 6th,

lacks foundation. It would appear from the parti-

culars already given that where unilateral ovariectomy

is/
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is performed prior to the sixth day of pregnancy,
abortive tendencies (when these are at work) are
manifested at an earlier date than in those animals
operated upon after the gixth day-. In the former
aborilon takes place about the 10th and 1lth days;

in the latter, it is postponed to the 15th day. In
no case, therefore, had Harris even reached the stage
at which he could, with any degree of accuracy,
prognosticate the likely issue of pregnancy.

As a further control, the fertility and general
fitness of the animals was tested by re-mating some
of those that had avorted or resorbed, and examining
the oeostrous periods of others. Forty-four had
|live litters, the average per litter being 5.3 which
compares not unfavourably with Hanson's average: 5.7
(19856) . There were ten abortions.

Daily vaginal examination of twenty-one
unilaterally ovariectomised mice was carried out for
two months, and in two other cases for one month.

' Papanicolaou (1920) avers that Yanimals with only one
iovary have a very regular oestrous cyecle, the only

ipeculiarity being thut the oestrous cyele in such

|animals is about one day longer than in those possess-|

ing both ovariesg". Imery (1931) on the other hand,
remarks: "Irregular oestrous cycles, with a tendency

'to/
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to an increase in the length of cornification, are
very characterigtic of semi-ovariectomised rats and
are seen more frequently 4-8 months after the
operation’. He states elsewhere that the irregularity
begins to appear about two months after the operation.
He found that 16% were in oestrus for 10 consecutive
days and 9% for 15. Lhere were ten cases of oestrus
for 25 consecutive days, two for 30 and two for 35
days. It is presumed that by "oestrus" is meant full
cornification but this point is not clear. As cyets
were found in the ovaries of 50% of the rats, this
would account in no small measure for the extra-
ordinary incidence of comnification.

In the graph produced on page 100a three features
appear to be noteworthy:
(1) The regularity of the oestrous cycles as a whole.
(2) The relatively long period during which cornified
cells appear in the smear (though frequently in the
presence of others). This confirms the "tendency to
'increased cornification" as noted by Zmery, and the
"inerease in the length of cornification alluded to
by Papanicolaou.
ﬂtB) he occurrence of rest periods in fifteen out of
Etweﬁty~one cases. The irregularity to which Emery
'refers may be of this nature. HHad smearing been
.
continued for two or three months longer it could have
'been/
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been ascertained if such periods recur at regular
intervals; they vary from 7-11 days and thus resemble
a pseudopregnancy. It is probable that during such
intervals a low level of alpha is secreted.
lueification in the vagina of the mature ovariectomis-
ed mouse has been caused by repeated small doses of
alpha prepared from follicular fluid (Robson, (193Q))
1t was at first thought that the irregularity observed
might be peculiar to uniluterally ovariectonised
animels, but it has been found also in normal mice
(Mirskaia, and Kobson - unpublished).
Certain features were noted in course of the
experiment:-
(1) Pregnancy bleeding which normally occurs in the
| mouse on the 11th and 12th days of pregnancy, was
occasionally found to exceed these limits though less
frequently than in the rat. Such divergence was not
| necessarily attributable to the operation nor did it |
| necessarily denote any interference with pregnancy. |
|
In four cases where there were 5 and 6 days' bleeding,
and in one after 8 dayé', healthy litters were born-. i
In many cases, however, where haemorrhage was pro- !

tracted and severe,it signified that resorption was |

taking place or that the foetuses were dead. This ‘

was/
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was applicable also to thiose cases where placental
sign was delayed till the 15th day; ten such cases
were observed.

(2) Sex ratio. In the cases covered by this experi-
ment there would appear to be a slight, though not
statistically significant, balance in favour of males.
In 44 litters the ratio was 118.63:100 (on the basis
of normal 106: 100), or 54.28 + 3.34:

(8) A litter of ten was born from one uterine horn.
This occurred in the pregnancy which immediately
followed on that during which one ovary was removed.
There had been no regeneration of the ovary and the
ten implantation sites could be counted.

(4) Removal of one ovary, though lengthening oestrus
slightly, does not apparently lengthen the course of
pr-gnancy- Of 24 cases of successful mating after
unilateral ovariectomy 20 had litters on the Z2Uth and
21lst days, and 3 on thel®th day.

(6) Two cases of possible superfoetation were observed.
Frp and Mj2 were opened on the seventh day after mating
for the removal of an ovary and in both cases a foetus
|was observed inéhe right horn of the uterus.

According to Kirkham (1916) the ova are merely in the |
|blastula stage at this period of pregnancy; it appearé
likely, therefore, that these belonged to a mating

which took place & days prior to the second. One

‘other/
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other case of mating during pregnancy has already been
mentioned (page 87); there was one instance in which
cornification was observed on the 4th and 5th days of
pregnancy following which an abortion took place on the
19th day. Such a phenomenon apoears to be rare: ILong
and Evans refer to two in the rat (1922) and W.O.
Nelson (1929) to one; OCrew and Mirskaia {193qg not ed
gix cases in 100 mice during six months.

(6) "Regeneration of the ovary". Long and Evans
allude to this possibility, and C.3. Davenport (19z5)

is stated to have found "regeneration™ in nearly two-
thirds of the mice bilaterally ovariectomised by him.
Such a feature seems necessarily to involve a remnant
of ovarian tissue Trom the operation; in our own
experiment two such cases have been noted, in one of
which the complete removal was queried at the time of
operation.

(7) The average maximum number of ova shed at an
ovulation by each ovary functioning synchronously is
five (Engle, 1928) yet an instance occurred (page 108 ) |
in which ten ova were fertilised from one ovary, showing
ia doubling in power, if not in weight, of the remainin#
?ovaryo

| A detailed study of compensatory hypertrophy

followed/
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following on unilateral ovariectomy has been performed
by several workers on various animals (see Introduction);
the question of the formation of definitive ova
naturally arises from such an examination. Two
theories are held on the subjeet: (1) that the nunber
of ova is not added to post-natally or at least after
the fourth day (Cowperthwaite,(1925); Crew, (1927));
(2) that new ova are formed up to one year of age
(Arai, (1920) - rats), up to puberty (Kingery (1917)),
at each oestrus (Allen (1923)), up to old age )
(Papanicolaou (1924) and Butcher (1927)). According
to Professor Crew the number of ova is determined
genetically and remains a constant factor. Where
there is hypertrophy, a larger number of ova come to
' successful maturity owing to an increase in the
‘nutritive material available. Engle (1928) carried
out experiments in which he estailished that this
'hypertrophy is due to the additional pituitary
secretion which is made available for the remaining
ovary .

:1- Removal of both ovaries in mice terminated preg- |
nancy in all stages of the gestation period.

‘2. Where the second ovary is removed in a pregnancy
subsequent to that in which the first was re-
moved, the same result is obtained.

4. Removal of one ovary on or after the 13th day of
pregnancy/
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pregnancy has no ill-effects; on or before the
10th day there is danger of interruption of
pregnancy; such interruption occurs at an
earlier date in those mice in which the operation
was performed before the 7th day.

4. YWhere pregnancy is maintained, foetuses develop
normally in both uterine horns.

5. No pregnancies occurred where one ovary was
removed at the end of the first day.

6+ Anaesgsthesia on the first day of pregnancy
generally interrupts pregnancy.

7. Unilaterally ovariectomised mice tend to have
longer periods of cornification.

C. Growth of the kother and Foetus during pregnancy-

The purity of the alkaline extract of the
'pituitary has been called in guestion,owing to a
noticeable increase in growth which has been found to
accompany its administration. On this account, and
also owing to the difficulty of diagnosing pregnancy
before the appearance of placental sign, this point
was investigated. In preparing the graph on page 1064
twenty-six pregnant animals injected with the alkaline
extract were arranged in five grbups according to the
total amount of extract given, and the average increase
|in weight of each group was teken from 1-4, 4-7, 7-1l1 |
Eand 11-15 days- From the 15th day of pregnancy the |
Erapidly inereasing weight of the foetuses and placentaé
;(Varying in number from animal to animal) renders use-

less/
|



S0
./’I C
K4
40+ // »B
# LA
« F
% e
0 o s - D
< e
s/
& 30+ At b
z ’_/- ‘/
JT e
£ 2o
o L
W 204 At
= L
I i
10 15
DAYS.

Growth curve of pregnant animals injected with
alkaline extract of pituitary.

230

o] 10 20 30 40

Growth curve of unmated rats injected with alkaline
extract of pituitary.

J = mature rats injected with total of 2.0 cec.

H = 1" " 1] i " i 8.0 cCe




-107-

less any further comparisons.

Group A consisted of 4 animals receiving 6.0 cec.
alkaline extract commencing the 1léth day
of pregnancy;

Group B consisted of 7 receiving 4-6 cc. commencing
the 1lst to 3rd days;

Group @ consisted of 3 receiving 3.2 cc. commencing
the 3rd day;

Group D consisted of 6 receiving 1l=-2 cc. commencing
. the first day of pregnancy-.

For purposes of comparison, six mature unmated
females were injected with the extract; three
received a total of 8.0 cc. over a period of ten days,
an interval of two days elapsing between the first
four and the last four injections. Three others,

/
of which vaginal smears had already been takenduring

two oestrous periods, were injected with a total of

2.0 co. Vaginal smears and body weights were taken

daily for four weeks. The same procedure was .

| followed in the pregnant animals throughout their

| cesgation of the injections but the high level is

maintained. The rapid increase during the first

definitely related to some factor present in the

pregnancy .

The growth curves show an increase in weight of
between 20 and 30 grams during the period of injectioﬁ
in those non-pregnant animals receiving 8.0 cc¢c. of

extract (H series). There ig no further incerease on

seven days is so uniform as to appear to be

extract/



extract. The animals receiving the smaller amount
(J series) show only a slight upward tendency during
the same stage, which cannot be aseribed, with any
certainty, to the influence of the extract; the
curve throughout is remarkebly uniform.

The curves Tor the pregnant animals injected are
of interest in that it is generally held that the
only eriterion of the pregnant condition in the rat i
prior to the 15th day is the placental sign, as the
weight offers little indication of the c:ndition;
in essgence this is true; when one compares the weight

|
on the 11th day with that on the 15th there is a
difference of only 10 or 11 grams, whereas as much as
30-40 grams are added between the 15th day and term.

A somewhat rapid increase in weight is noticeable
in all groups from the 1lst to the 7th days, followed
by a less marked inecrease till the 11th after which the
rate is again slightly accelerated. the increase in

| the various stages is actually not so marked as would
‘appear from the graph and it is only when the weight
!at, say, the 12th or 13th dgy is compared with the i
Iinitial weight that one can hazard a guess as to the
possibility of pregnancy existing. Hormally between |
&0 and 30 grams are added to the weight during this |

| time, and in view of the ineigmificant growth in the

' placenta/
|
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placenta and embryo which accompanies this (at most
equal to three grams) it becomes necessary to assign
gsome reason for the phenomenon . It is known (Marshall
(1922) ) that there is excessive iormation of nitrogen-
ous compounds and retention of body-fluids during
pregnancy, and there is little doubt that these factors
play a part. If this is so, this increase is likely |
to be fostered by a substance so rich in proten as is |
the alkaline extiract employed. Furthermore, the
possible existence in the gonad of a non-specifie
metabolic stimulant cannot be ignored, in view of the

experiments of various workers with trunsplants of

ovarian and testicular tissue (Lipschutz (1924)). Atl
a time when the gonad is at the height of its activity]
(i.e. in pregnancy) such stimulus is likely to be at
' its maximum.

The animals in Group A received the extract too
' late for any effect to be observable in the period
covered; there are indications, however, of a sharp-
ening of the upward trend of the curve at the end.

k]

Groups 8 and C would seem to show some effect of

the extract, more especially when compared with Group
D which received the smallest total amount. The

figures are, however, in no way comparable with those
of Teel (1926) who obtained an average increase of |

40/
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40 grams in the first ten days as the result of daily
injections of 1.0 cec. throughout the period. That
this inerease in weight was not attriobutable to the
growth of the foetus and placenta,is demonstrated by
the fact that the growth of the foetus and placenta
had been arrested during this period as the result of
the injections; necropsy at the eleventhr day revealed
| embryonic growth eguivalent only to a sixth day
pregnancy .

Foetal growth under administration of pituitary
hormone would appear to be greatly accelerated after
the initial delay has been overcome. As the result
of the early arrest of development, one would expect
the maximum weight to be reached after normal term in
all cases, or the foetuses to be underweight at birth;
fthe tendency is certainly in favour of the former,; the
gnormal growth being attained at term. Where the
:urine extract was adninistered the maximum weight was

ifeached before term in only one case other than ’chosei
in which resorption ultimately took place. In ;
ififteen cases, prolongation of pregnancy was associateF
\with a continuation of foetal growth beyond term |
|Varying from one to four days; of these, one was for
four days, five for three days, four for two, and five
for one day. ‘
|

The alkaline extract of pituitary gave the

' following/
|



-111-

following results: 1in three cases the maximum weight
was attained the day before normal term, in two cases
at term, in eleven cases after term. Correlation of
these data with the amounts of extract given and the
stage in pregnancy at which they were administered
throws no light on the cause of tliese deviationses
This would apply also to the implantation of anterior
lobe tissue. In four éases the maximum weight was
attained before term, and of these one was associated
with resorption. Of the remaining five one attained
full growth at term, two the day after, one two days
and one three days after.

It will be evident therefore that growth is
|either extended beyond the average limits resulting in
larger foetuses than normal, or there is a retardatioq
fof the normal development ol the foetus at some stage |
| [
or stages which necessitates a prolonged gestational
| period . d#ith regard to the former, the weights of
the foetuses are, with few exceptions, above the ;

| average, from which one would conclude that the normal

|
processes of growth had been extended. such an ‘

effect would be attributable to the continued activity
of the corpus luteum, resutling in a persistence of

the decidua and consequent increased blood supply, at‘

L a time when the latter should normally be coming

' under/ el !
|
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under the influence of those degenerative changes
whiceh culminate in parturition.

With reference to ithe second explanation, Teel
has definitely shown that the prolonged gestational
period was in large measure attributable to a delay
in the implantation of the ova. This implantation
normally takes place on day six, but was delayed to
days 1U-1lz. . substance is thought to exist which
fosters egither growth or reproduction. It is
possible that ior some reason (connected with the
treatment administered/ growth of the mother took
place at the expense of growth of the foetus. VWhere
implantation of the ova is delayed in animals that
are suckling a large litter (Daniels (1910), King
(1913 ), Kirkham (1218) Crew .and iirskaia {l93q£}, it
ig probable that this substance is expended upon

| mammary development and is passed on to the litter
!being suckled .

| Many instances have occurred where the weight

;of the injected animal remained gtationary for 2-4

‘ days immediately before parturition. Ten uninjected
pregnant rats were weighed throughout pregnancy and

it was found that the increase in weight was con-

! tinued up to the time of parturition. In those cases,
‘ therefore, where the weight remained unchanged for

more/
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more than 24 hours, it can be assumed that the

gestation period probably was prolonged.

D. The Cell content of the vagina under administra-
tion of pituitary hormone.

Unmated mature rats and a number of pseudopregnant
animals were used as controls for all of the groups
experiments that have been described. TFollowing the
administration of the urine and pituitary extracts
and implantation of anterior lobe tissue, vaginal
smears were taken daily over a lengthy period. The
cell content of the vagina was examined because of a
phenomenon which appears to be directly connected with
a certain phase of pituitary activity induced: a
frequent picture is one of clusters or even masses of
rather large epithelial cells containing a large
|darkly-staining nucleus. These are encountered in
the pregnant animals injected but are much more

numerous and persistent in those pregnant animals

‘injected with the urine extract. in these,K there is
'a tendency for the cells to lose their nucleus but

‘they never become really cornified till about the 15th|

day. ‘The reaction is obtained whether 0.1 cc. is |

injected daily or four times that amount; it is

possible that if a still larger amount were injected
g i
thig effect would not be got. Qur statement is based
| :

on a tentative comparison of the strength of the urine

extract/
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extract with that of the alkaline extract of pituitary
and of pituitary substance. The alkaline extraet is
volume for welght equal to pituitary substance; when
a total of 1.0 cc. was injected large epithelial cells
appeared in the vaginal smears only to the extent to
'which they are observable in an ordinary pregnancye
;In larger amoﬁnts, i.e., where from Efﬁ cc. were given,
‘these cells were relatively absent, the normal small
iepithelial cell with leucocytes, or oftener leucocytes
_only being present. .

With a view to ascertaining whether this effect
;Was secured only in the presence of a pregnancy, non- ;
|mated and pseudopregnant rats were examined under the
'same treatment . en mature females were mated with

vasectomised males and of these -

3 were injected with a total of 6.0 cc. of alkaline
extract, :

3 were injected with a total of 1.2 to 1.8 ce. of
alkaline extract,

| - ; |

{1 was injected with a total of 1.5 e¢c. of urine extrac?,

| o - 5 - . 3 . -] [

{1 received an intraperitoneal implantation of anterior)
lobe tissue equal to one whole ox pituitary two
days after the sterile mating.

éThree others were kept as coantrols.
i

Nine unmated mature controls were used, of these -

b were injected with a total of 2.0 cc. of alkaline
extract,

were injected with a total of 8.0 cc. of alkaline
extract,

5]

3/
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2 were injected with urine extraet in order to test
its inhibition of oegtrus.

Before examining the general results, reference
:may be made to the three unmated controls injected
jwith urine extract (815 geries). The extract did not
| inhibit oestrus, and on the second occurrence of this
;phase a male was placed in the cage.  lating occurred
|in two cases and a prolonged pseudopregnancy followed;
it is possible that mating took place in the third |
animal without vaginal plug being observed. Raf
:815f1 was pseuvdopregnant for 14 days according to the
| smears, but on the 15th day mating occurred; no
cornified cells were observed 12 hours before mating
or on the removal of plug approximately 12 hours afterﬂ
' In view of the numerous cases of oestrus and mating
gobserved by Evans (1922), King (1913) and other
workers, it is exceedirgly unlikely that mating took
!place in the total absence of cornification, however
partial this might be - it is well-known that the
threshold of oestrus is lower in some animals than in |
others. It must be assumed therefore that pseudo-
pregnancy terminated in Rat 815/1 on the 14th day.

This case seems to demonstrate the advisability of

keeping a male in the cage in all cases where tests

are made for oestrus-inhibition, as it is apparent

that/
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that oestrus can last for only a few hours (as

observed by Long andBvans) and its outward manifesta-

tion can reudily be missed where vaginal examinations

| are made only once or at most twice in the 24 hours.

A study of the results obtained reveals a number

| of interesting facts: (1) that the large epithelial

cells already described are not a feature of pseudo-

pregnancy and, indeed, are noticeably absent from it; |

(2) that the appearance of these cells in the vaginal

smear can be induced both in unmated and in pseudo-
pregnant animals by injection of the akaline or the
lurine extract. It is interesting to compare with
' this the reactions obtained by implantation of
| enterior lobe tissue. A whole gland, implanted at
ione operation, has the effect of depressing the
Eepithelial cells so that leucocytes alone or with a
ifew small epithelial cells are the characteristic
épicture- Half a gland, in two implantations, gives

|an almost similar pieture, but a small piece of the

gland implanted three days after mating causes a
.notieeable preponderance of the large cells.

(3) The third noteworthy fact is the lengthening of
Pseudopregnancy by the alkaline extract of pituitary
or the urine extract, and by the implantation of a
large amount of anterior lobe tissue. The normal

length/
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length of pseudopregnancy in the rat is 11 days but
11-14 days are not uncommon. The alkaline extract
prolonged QS@udOpregnancy to lo-19 days;

the urine extractl 19-256 ©

anterior lobe implantation 16+ n ®

(large amount)

In unmated animals 2 cec. of alkaline extract of
pituitaiy caused inhibition of oestrus equal to a
normal pseudopregnancy, viz., 1l2-14 days; 8 cc. of
this extract caused oestrus inhibition for a period
comparable with the actual pseudopregnancy prolonged
by the same extract, viz., 17-22 days. A preponder-
ance of large epithelial cells without any cornified
cells for 6 and 7 days followed injection of the urine
extract. As no male was placed with this group of
' females it cannot be said whether oestrus was inhibited
'or not. However, where the strength of the extract
varies so considerably, it is useful to know that
‘extracts causing this cell-picture in mature rats may
be potent for the proloagution of pseudopregnancy and |

'of pregnancy.

£
‘This rat was unfortunately returned to stock before
cornification occurred.
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E. Haemorrhage during Pregnancy.

Owing to the relatively high incidence of
bleeding in many of the pregnant animals which were
the subjecet of experiment, a study was made of a
numnber of normal pregnancies that more accurate data
might be available for purposes of comparison.

Long and Evans (1920 and 1922) have described the
bleeding which normally occurs about the 1lith day of
pregnancy as the "placental sign", and presumably the |
interpretation which should be placed on this tefm is
that the bleeding is the outward sign of the presence
of placenta in the uterus. The definition given by
| H.lM. Evans (1928) would seem to indicate that he held
' the opinion that the haemorrhage actually emanated

;from the placenta. He defines it as "a leakage from

the multiple new maternal vessels involved in placenta

|
|
| formation". Certain facts, however, would seem to
.
| point to some secretory factor as the source
iresponsible for the phenomenon-. Four eircumstances
' might be cited:

(1) A mouse which was unilaterally ovariectomised
| during pregnancy mated again and during the ensuing
ipregnancy was killed on the first appearance of
|

ibleeding. The uterine horn of the side from which

‘the ovary had been removed was found to be full of
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blood; the other horn contained four 10th day foetuses
with blood between. There was no trace of ovarian
tissue on the operated side, and all possibility of
migration of ova from one horn to the other is
precluded (Crew 1927, etc) .

(2) In the pregnant animal, excessive haemorrhage
follows upon the injection of certain extracts (from
pregnancy urine etc.) containing anterior pituitary
‘hormones; and in imnature and ovariectomised monk eys
a similar reaction, but of a milder nature was
obtained by Hartman et al (1930) with extracts from
the same source-. It seems reasonable, therefore, to
;assume come hormonal basis for the phenomenon, and
Eaecordlngly an effort has been made to correlate the
jincidence of bleeding with the amount and nature of
ithe extract given, and to compare this with what
;normally occurs in pregnancy-.

(3) Haemorrhage may occur also at the end of pseudo

| bregnancy (rat ). Parxes 1192%8 and Long and Evans
(1922) allude to such an occurrence, and three
iinstanees were observed in the course of this experi-
ment, and are described later. As neither placenta
nor foetus are present in the pseudopregnant animal, |
the haemorrhage cannot be derived from this source-.
While there are no grounds for assuming that the

phenomena/
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phenomena in the pregnant and pseudopregnant animal

are identical, it is probable that the same causative |

faetor underlies each; 1ian which event the term
"placental sign'" would be a misnoner.

It is generally held that the haemorrhage is

 associated with a certain stage in the development of |

| the foetus and that this is roughly eguivalent to a
growth of 12 days. (Teel 1926, Vol. 79). The rats
in Group 1A receiving the urine'extract,showed the
placental sign about the normal time, yet no foetuses
were found when the animals were killed three days

[ later. Teel's statement referred to above, was

| supported by the fact that in the animals which he

:injected from the first day of pregnancy continuously

Ito term, the ap,earance of the placentul sign was

appearing on the normal 15th or 14th days. This he
attributed to interruption in the development of the
embryo, due to the extract. Although Teel's experi-
ment was not repeated by us, none of the animals
injected either from the first or sixth day of
pregnancy showed any significant departure from the
normal in this respect.

A direct relation between the size of the foetus
and the first appearance of the placental sign would

imply/

delayed to the 18th-20th day of pregnancy, instead of |
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imply the existence of a foetal stimulus for the
releagse of the substance responsible for the haemorr-
hage, if such substance exist. A difficulty then
arises, viz., to explain the nature of the haemorrhage
associated with resorptions-. Plaecentomata and
deciduomata are not associated with bleeding; it
.woulu therefore be inaccurate to argue'that the
irritation set up by a foreign body was the responsible
factor. Un the whole it is unlikely that there is a |
fdifferent causative factor underlying each.

In view of the apparent conanection between the
administration of anterior pituitary substances and
excessive haemorrhage it would seem reasonable to
postulate that a certain stage in the growth of the |
corpus luteum is associated with this condition, and
if this stage is artificially prolonged bleeding will |
continue beyond the normal time. Those animals that
.were injected (or received implants) between the firsy
and sixth days, manifested the normal conuition; the
corpus luteum degenerated at its accustomed time (or
only a few hours later). Wmen the injections®™
| covered the seriod when bleeding normally oceurs,
bleeding was severe for two, or at the most, three
days, and thereafter was of a scanty nature: (days
10-14: A5, F3, F7, D5, K4). There the ovary came

under/
#Urine Extract.




under the influence of the extract between the 6th and
10th days (48, 413, D6, D1, D7, E6, F5) haemorrhage
was excessive, that phase of ovarian aetivity which

is associated with haemorrhage being reinforced or

| stimulated immediately prior to its commencement.

An interesting circumstance has been observed in
the course of vaginal examination of pregnant rats. In
the pregnant control animals, leucocytes preponderate
in the smears taken up to the 1l4th or 15th day. About
‘the 4th, 8th and 1&th days epithelial cells coatain.ng
a darkly-staining nucleus are often found. It is a
not eworthy fact that from about the 14th or 15th to
the 17th days these epithelial cells are more nunerous
and are not rarely found in association with some

|

fecornified and partly corniried cells. The presence
'of both types of cells or of one only, indicates a

measure of secretion of alpha. It was noted that

where haemorrhage was of a severe nature both types of|

|
|
cell were absent, the smear being of leucocytes only; |

\where both types of cell were present, haemorrhage was

'scanty. It is tentatively suggested that the part
' at

|played by aloha/this stage of oregnancy is to prevent

| excessive haemorrhage, a kind of balance being set up
between the factor responsible for this phenomenon
' !
' (in the corpus luteum/ and that concerned with its
|

'repression;



repression. Whereas the secretion of alpha at this
stage of pregnancy may serve a useful purpose in
normal pregnancy, it may have the opposite effect in
one in which abortive tendencies were already at work
at an earlier stage. If the secretion of alpha is
induced or alpha itself is administered early in
pregnancy, abortion or resorption freqdently does not
occur until mid-pregnancy is reached. #hat the
initial secretion of alpha failed to accomplish, the
subsequent reinforcement about the 14th day, achieves.
| ihere gestation is prolonged beyond term and more
'especially after the death of the foetus, other
| factors naturally play their part in the haemorrhage
fproduced, e.2. loosening of the placental attachments
and aisturbance of the vascular connections-. Such a
ihaemorrhagic conuition is likely to be reinforced as
"the inerease in blood supply to the generative organs
'is at its height towards the end of pregnancy"-
(Marshall (1922)).

In order to ascertain if bleeding could occur in
;the absence of pregnancy,a series of experiments was
iundertaken in which 22 pseudopregnant rats were
gemployed- Three mature males were vasectomised, as
much as 10-12 mm. being cut out of each vas deferens
in order to ensure no renewal of testicular activity.
The first two matings proved fertile, as sperm existed

in/
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in the portion of the vas deferens between the

gection and the penis. Lipschiutz (1924) and Miss
Kropmann (See Lipschiitz/ noted that, in the absence

of mating, spermatogenesis may continue for as much as
seven weeks after the vas deferens is sectioned.
Subsequent to the Tirst matings, no pregnancies were
obtained, the cervical stimulation initiating the
pseudopregnant condition instead. This condition

is marked by persistence of the corpus luteum, inhibi-
tion of oestrus, and a tyoical development of the
uterine mucosa. The various stages in this develop-
ment have been fully described and illustrated by
Allen (1931) . The vaginal smears associated with the

condition show either leucocytes only or leucocytes in;
A ol

the presence of a few epithelial cells; the mucosa is |

moist and glistening and a variable amount of mucus

is secreted.
|
As it was deemed possible that some irritation of

%he uterus might be a necessary prelude to the
phienomenon, small portions of a uterine horn were cut
in three animals on the sixth day after the sterile
Latinga ‘ The uterus was ligatured in two places,
fbout 2 inch apart and a portion equal to about one-

eighth inch was cut out between. Vell-developed

deciduomata/
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deciduomata formed at the point of section as was
agcertained when the animals were killed. Vaginal
smedrs were taken twice daily after the operation but
no haemorrhage was obsgerved.

Fourteen pseudopregnant animals were then treated
in the same mamner as those in the group experiments
already described, with a view %0 ascertaining if the
_condition could be induced in pseudopregnancy:-

7 were injected with a total of 1.6 cc. urine extract
from the day of mating for 8-10 days;
5 were injected with alkaline pituitary extract (2 with
a total of 1.8 ¢c. and 3 with 6.0 cc.);
2 received implents of anterior lobe tissue eguivalent
to one whole gland-.

Haemorrhage occurred in one animal in each of
the three groups: on the 15th day in the first group,
on the 11th in the second, and on the 1l4th day in the
third group. In the last-named, haemorrhage followed|
strong cornification on the oLrevious day and was
severe. The animal was not killed until some hours
later,when no signs of the occurrence were visible;
the rats belonging to the first two groups were killed|
[immediately haemorrhage was observed, and the
:histological findings were as follows:- i

|Rat 770/6 (injected with urine Ixtract): haemorrhage

i 15th day-.

llacroscopically: Left uterine horn contained much
blood, distended; swellings as though atrophic |
foetuses present.
Ovaﬁies: 3 recently degenerated corpora lutea,
6




-126-

6 large atretic corpora; 2 large follicles.
Right horn distended with fluid - hard

swelling..? foetus.

Ovary: 8 atretic corpora; 2 new follicles.

Histologically: Uterus distended, passing from
pseudopregnant to pro-oestral character:
extravasation of blood within the uterine sub-
mucosa; very strong glandular development; in
uterine lumen large mass of old blood containin
epithelial cells, polymorphs, and near the
uterine wall, hydropic cells.

Rat 1812/1 (injected with alkaline extract of
pituitary): haemorrhage 1llth day-.

llacroscopically: OUvaries contained several very
red corpora lutea; blood in both horns,
especially above the swelling in both; two
swellings in right horn, ons in left-?pregnant.

Histologically: Uterus full of blood and
epithelial cells, distended - lumen the size of
Stage I in Long and Zvans (1922) endometrium not
"hillocky" but typically pro-oestrous (sallenj: |
epithelium columnar and high - with stratified |
muscular layer well-developed. (See Plate IIL} |
Uvary: strongly luteinised; corpora degencrated,
luteal cells loose and many fibroblasts; one '
newly-formed corpus containing cavity, showing
ovulation had occurred; 4 large primary
follicles in one of which ovulation was imminent
(See Plate IV ). i

As it was thought that the haemorrhage might have

been due to the extracts, five pseudopregnant rats,
which were given no treatment, were observed through-!
out pseudopregnancy. From the eighth day vaginal |
smears were taken twice daily. Haemorrhage occurred
on the 1lth day in Rat 1816/l which was immediately
killed. Hacroscopically the uterus had the

appearance/
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appearance of early pregnancy,; as in the other two
cases described-

Histological findings:

Uterus: lumen distended and full of blood and
decidual tissue; glands and lacunae co:tained blood.
It appeared as though decidua + Dlood had been shed;
the margin between the uterine structure and the mass
of decidua was not always clear. (See Plate VIII).

It has long deen held that menstruation in woman |
igs the end of a pseudopregnancy, and represents
destruction of the prepared endometrium when no

| fertilisation has taken place. Heape (1900) held the
| view that menstruation was analogous with the pro-
oestrous haemorrhage in dogs; but Marshall (1922) is!
of the opinion that it is a pBeudopregnant degenera-
tion and a pro-oestrous regeneration in one. The
histological findings in the three cases given, sup-

port lMarshall's view.

' Duration of the Placental Sign. Long and Evans (1920)

|
Istate that this occurs between the 13th and 1l6th daysi
EIbu‘l: "whefe animals are maintained on a low vitamin E :
;diet the sign appears earlier, usually on the 10th orl
%llth day" (Evans (1928)). According to Teel (1926)
"it occurs on days 13 and 14 and only in rare cases

as late as day 15". The restriction of the

appearance/
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appearance of the placental dgn to four days at most,
is somewhat misleading; though these figures may Dbe
true of one stock, they are not of general application)

With the object of ascertaining the average
bleeding incidence in the Wistar albino rats employed
on this series of experiments, sixty-seven rats were
examined daily from the appearance of vaginal plug
luntil parturition, and the occasgsions on which bleeding|
occurred were recorded. From the particulars given
in Table VI it will be seen that the placental sign
covers a longer average period in the stock employed,
than appears to have been the case in those used by
Long and Evans.

Prolonged haemorrhage does not necessarily point
to an unsuccessful termination to pregnancy; where |
such haemorrhage is excessive, however, it is
generally an indication that abortive tendencies are |
at work. |

One or two interesting features noted may be

experiments. In one case (R 774/9) vaginal plug

i
mentioned, in view of their general bearing on the }

1
|occurred two days after parturition instead of within
|

Ithe customary 20 hours (Long and Lvans). Only one

other such case was recorded (R- 814/3). There would‘
|

appear to have been two cases of protracted parturitioT

(7172/3/
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TABLE VI.

PREGNANCY HAEMORRHAGE (or PLACENTAL SIGN) IN CONTROL RATS.

_ (a) bleeding was spread.
No. of days {over|{whichl (b) bleeding actually occurred

15 14 |13 12 i Al 9 8 7 6 5 & 3

(a)
Mo. of Caseg 1 i aL 4 7 9 8 10 11 5 4 1 2

(b}
No. of Caseg - - 1 - x 2 8 s ) ) 51 13 6 3




-129-

(772/% and 776/3) though this is of relatively rare
occurrence according to the literature; Iiss King
mentions two such instances: Rat 776/3 gave birth to
two young on 19/6/30 and on 20/6/30 these were eaten
by the male at 10 a.m.; at noon two more were born and
met the same fate. an instance of diff.cult labour
owing to excessively large foetuses was .provided by
rat 795/2. She appeared about to litter on the 22nd
day but was unable to do so and was found dead the
Tollowing morning with thirteen large foetuses in
utero, their average weight being 7 -rams.

In course of examination of these animals, it was
observed that vaginal plug which is stated to persist
Efor "about 12 hours, but occasionally as long as 24
hours" (Long and Evens), was visible for a much longer:
period. The maximum was sixteen days (K9) - it is to |
be noted that this female was removed from the male on
the day that she mated; four instances of plug :
:lasting three days were observed and in only one of

these did pregnancy follow; the litter was still—bornf

In five cases out of nine where plug was visible for

four days no pregnancy supervened. Three cases of a

ifive day plug were associated with pregnancies, but

|
two of geven days were followed by resorption and ;

istill-birth; in the latter the gestation period was

iPTOlonged/
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prolonged (Rat 771/4) to the 24th day. Un two
occasions in rat 774/2 plug remained Tor eight days and
was then removed; no pregnancy followed. Rat 32B,
however, injected with corpus luteum extract,

retained plug for the same period and had a normal
pregnancy .

Where accurate information is required as to the
length of pregnancy, it is important that the exact
date of mating be known; the data given above, show
' that an error equal to 25% of the gestation period i
jmight occur if an unknown plug were estimated as at i

most 24 hours old.
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DISCUSSION »

Certain facts are apparent from an examination of
the foregoing experiments: In the mouse and rat, as
in the majority of vertebrates, ovarian secretion is
essential throughout pregnancy; a partial withdrawal
of, or diminution in, this secretion in the latter half
of pregnancy is generally attended by nﬁ ill effects,
but in the early stageg is liable to lead to an
interruption of pregnancy, more especially if the
interference occurs at a time when the ova are being -
or are not yet - implanted in the uterine endometrium.

It has, moresver, been shown that the
administration of corpus luteum hormone during the
first two-thirds of pregnancy has no effect on the
course of pregnancy during that Period, and no
| appreciable effect on the growth of the foetus or of
:the placenta.

A large number of experiments on the effects on
pregnancy of the administration of pituitary hormone
'have been carried out and both prolongation and
interruption of pregnancy have been obtained under
definite experimental conditions. Pregnancy is
'prolonged after implantation of relatively large
‘amounts of bovine anterior lobe tissue, after
‘injection of an alkaline extract of that organ and |

' sometimes/



sometimes as the result of injection of an extract of
human pregnancy urine. The results obtained with

the first two methods are remarkably uniform, but

more especially in the case of the alkaline extract
injections. The urine extract shows considerable
variability in its effect, even when the same material
is employed throughout a series of experiments. As a
rule, pregnancy is interrupted where this extract is
administered in the early stages, unless the initial
dose is speedily followed by a second dose or is itself
a very concentrated one. However, an amount which
causes an interruption of pregnancy in the early
stages will, when given in the latter half of pregnancy
' prolong this condition.

The gestation period is lengthened, by any of the
three means described, from 1z to 7 days; in other
words, parturition is delayed until the 24th to 29th
| days . Where treatment commenced and ceased early in
pregnancy, prolongation is of shorter duration than in
' those cases where treatment commenced later. A
prolongation of pregnancy is sometimes attended by
protracted parturition, a condition due to a failure
gin the birth mechanism. With the exception of those |
' cases in which treatment commenced on or before the
' 6th day, foetuses are still-born and probably die in
the/
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the uterus some time before being expelled; foetuses
were still alive in utero three days after normal term
but were not viable: they are almost always above

the average weight (5.8 grams) and range from 6 to 7%
grams. This faet, together with the increase in
weight of the mother for three and even four days after
normal term was reached, points to the growth of the
foetus being continued after its normal maximum weight
is reached. Where the birth mechanism has failed,
the placentae are sometimes found detached from the
uterine endometrium; frequently they are much larger
than normal (1.07 gram as against 0.400 gram) and
ocecasionally, in such cases, are still attached to the
uterine wall, showing that placental growth had
continued beyond the normal term-.

The persistence of lutein tissue formed as the
result of administration of hypophyseal extract seems
to be directly associated with the failure in the
birth mechanism. The ovaries of the animals in each
of the three groups receiving pituitary implants,
alkaline extract and urine extract, are always large
and present the "mulberry" appearance described by
' Evans (1924) due to excessive luteinisation. But it
 must be emphasised that an excessive formation of
luteal tissue is not exclusively associated with
cases of prolonged pregnancy and is frequently found

in/
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in conjunction with resorption.

The main findings in connection with the combined
series of experiments are:
(1) That it is possible either to prolong or to
interrupt pregnancy in the rat by modifying the
secretory activity of the ovary.
(2) That pregnancy is more readily iﬂtérrupted in the
early stages than in the later, and, further, that
pregnancy is more readily prolonged by treatment -
administered in the later stages than in the early
stages.

A number of previous observers have recorded
data on this subject and their work may be described
under three headings: (1) removal of the ovarieé
themselves; (2) implantation of anterior lobe tissue;
(3) injection of alkaline extract of the pituitary.
The effects of the injection of pregnancy urine upon
pregnancy, however, have not hitherto been examined,
but as a considerable amount of work has been carried;
out with this material on immature animals, the main
findings are discussed in so far as they appear to be
'relevant . |

'Removal of the Ovaries:

Until recently it was held that in many animals
' the ovaries could be removed comparatively early in

pregnancy/



pregnancy without ill effects upon the course of
gestation, but later work has shown that ovarian
activity is necessary until the latest stages, if not
for the duration of pregnancy. Weymersch (1911)
Blair-Bell and Hick (1909), MeIlroy (1912), Asdell
(1928) either removed both ovaries or extirpated all
corpora lutea from rabbits at varying sfages of
pregnancy up to the 2lst day and terminated pregnancy
in every case. IMarshall and Yolly (1905) obtained
the same result in five bitches from which the ovaries
were removed between three and four weeks after coitus.
In the case of the guinea-pig the ovaries can be
removed "in the last half of pregnancy'" without danger
(Courrier, Kehl and Raynaud (1929)). In this animal
the placental development is not so marked as in other
rodents and the early removal of the corpora lutea
:does not necessarily cause abortion (Loeb and
5Hesselberg (1917)). Mulon and Daels (both 1908),
ihowever, found that pregnancy was interrupted at
‘whatever stage the ovaries were removed. In the
human, the ovaries may be removed at the eighth week
;of pregnancy (cases of four weeks are known) without
necessarily interrupting pregnancy (4sdell,(1928))-.

In all animals, removal of the ovaries or of all

' eorpora lutea before the ova are implanted in the

‘uterine mucosa is invariably attended by abortion.

;(Loeb/
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(Loeb (1923) (guinea-pig), Fraenkel (1903 and 1910)
(rabbit), Drumnond-Robinson and Asdell (1926) (goat),
Hartman (1925) (opossum), Hammond (1917 and 1925)
(rabvit), Parkes (1928) (mouse). Even after removal
of one ovary in the early stages, pregnancy is likely
to be interrupted. Dick and Curtis (1912) found
that in only one rabbit in five, was prégnancy
continued after removal of one ovary before the 1l4th
day .

That abortion following upon removal of the
ovaries is directly attributable to a withdrawal of
the corpus luteum secretion, was demonstrated by the
parallel experiment carried out by Fraenkel (19101 in
which he produced the same effect by removing all the
corpora lutea in both ovaries. Hammond (1917)
pointed out that in the rabbit, contrary to the
report of previous observers, the corpora lutea
persist throughout pregnancy-. The part played by
these bodies throughout pregnancy will be more fully
examined later. That removal of one ovary should
have any effect upon pregnancy at any stage is more
 difficult to explain, since Fraenkel found that if
one corpus luteum was left it was sufficient to
maintain pregnancy. It appears possible that the
remaining ovary is unable to adapt itself to the

| demands/
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demands which would be made upon it by embryos which
had originally depended upon the secretion produced
by two ovaries; in other words, the interruption of
pregnancy in such cases is due to a lack of ovarian
secretion. The possibility also exists that, owing
to the additional amount of pituitary hormone made
available for the remaining ovary, changes occur in
the ovary which are antagonistic to the function of
the corpus luteum, the primary concern of which is the
preservation of the uterine mucosa in a state
conducive to the implantation and nourishment of the
ovum. Puch changes would be more likely to have
disastrous effects at an early stage in the develop-
ment of the sensitive embryo than when growth is
already advanced.

Implantation of interior Lobe Tissue.

Engle, and Smith and Engle, (1927) demonstrated
.that repeated implantation of small amounts of
'anterior pituitary tissue into the immature animal
éinduced precocious sexual maturity. Excessive
' follicular development was usually followed by
ovulation within 48 hours. Similar results were
obtained by Zondek and Aschheim (1927) but there was
|no effect where ovariectomised animals were employed;
that the effect was not purely ovarian was

' demonstrated/
|



demonstrated by the implantation of anterior lobe
tissue into hypophysectomised animals; maturity
changes took place in the reproductive organs of both
immature and mature females in which the operation had
caused a cessation of these functions.

By means of implantation of small amounts of
anterior lobe tissue in pregnant rats and mice, Engle
and lermod (1928) caused pregnancy to be interrupted.
Ihis interruption was directly associated with a
condition induced in the ovary and commonly connected
with the secretion of alpha, and it was held that such
secretion is antagonistic to the maintenance of that
development of the uterine endometrium which is
essential to the life of the ovum and embryo. EE
these phenomena are artificially imposed upon pregnancy
an abortion is not likely to be long deferred at what-
ever stage the initial stimulus occurred; it is
%eadily understood that it is more difficult to induce:
this condition in advanced pregnancy.

While it appears clear from these experiments on
immature, mature and pregnant animals, that by means |
of implants of anterior lobe tissue, oestrous
conditions were induced in the ovary and uterus, cer-
tain facts seem to indicate that the mechanism is less

direct/

The material was taken from rats, mice, rabbits, etce.




direct and straightforward than appears on the surface
The specific efrfect of anterior lobe implants,
according to Engle, is follicular maturation followed
by ovulation. It may be asked, therefore, whether
follicular maturation or ovulation was responsible for
the results obtained in the pregnant animal. The
following facts are to be considered: lfollicular
formation occurs throughout pregnancy, and such
follicles may attain a degree of development equal to
maturity (see Plate of ovary of rat on 15th day of
pregnancy) s Further, the normal ovarian cycle is
only modified during pregnancy and not wholly
suspended, as is evidenced by the appearcnce of
epithelial cells in the vaginal smears at approximately
the usual cycelic intervals: the 4th, 8th, 12th, and
'16th days, (Swezy and Bvans (1930)) and by the fact
that mating occasionally takes place during pregnancy
' (Long and Evans, (1922) Nelson, (1929) Watt (1931)
Mirskaia and Crew (195%3). Apparently alpha is
produced continuously; follicular formation (and
'consequently the secretion of alpha occurs in the
pre-pubertial animal (Mirskaia and Wiesner (1930))

and Engle (1931). Engle has shown that at 15 days
the ovary of the immature mouse contains follicles
very nearly as large as those of the first oestrus.

:From/
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From the histological examination of the vaginal mucosa
carried out by Mirskaia and Wiesner (loc. cit) it
would appear that a low secretion of alpha is
associated with a definite gtructure in the vaginal
epithelium strongly resembling the mucification of the
pregnant animal. A similar effect was brought about
in the mature mouse by small doses of alpha (Robson
(1940) ) » Not only is alpha secreted during pregnancy
and prepuberty but also during anoestrus, and it is
apparent that a "threshold value" exists.
That the result which Engle and lMermod secured on

' pregnant animals after anterior lobe implants was not
attributable to ovulation - which he found to be the
specific effect on immature animals - is indicated by
the faet that in no case did ovulation occur before
abortion or the death of the foetuses. Moreover,

' Zondek (192%3 induced ovulation by the same means, and
with small amounts of pregnancy urine extract, without
causing abortion.

| The interruption of pregnancy was ascribed by
:Engle and Mermod to the induced secretion of additional
ifollioular hormone which had the effect of directly
|inhibiting the action of the corpus luteum,as
'exhibited in the oestrous condition of the uterus.
There is a possibility, however, of a direct action
iupon the uterus. The existence of variations in the

|
| sensitivity/
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gensitivity of the uterus to the oestrus-producing

hormone, and also the possibility of some mechanism
inhibiting the effeet of alpha, are discussed at a

later stage.

Parkes and Bellerby (1926) and Smith (1986b)
obtained similar results to Engle and l.ermod, with
injections of alpha but Allen (1924} and Brouha and
Simonnet (19Z5) obtained negative results, which
indicated that the luteal phase of ovarian activity
directly associated with pregnancy need not necessarily
be reversed by follicular hormone. llore recently
Robgon (1931) and Philipp (1931) have obtained
luteinisation in the raboit with implants which is
iin direct confirﬁution of our own results. It is
significant that the nature of the result obtained is
determined by the amount of pitultary substance; this
aspect of the question is discussed more fully later.

Alkaline Ixtract of Pituitary.

% As the implantation of anterior lobe has always
‘been associated with follicular growth, so, too has
‘the injection of alkaline extracts of the pituitary
‘been associated with luteinisation of the follicle
(Smith and Engle (1928) Zondek and Aschheim (1927)
|Evans (1924), Teel (1926) Brouha and Simonnet (1927)).
:It has been shown that implants can induce both

|
follicular formation and luteinisation, and it will

later be shown that the alkaline extracet has similar

| |
effects. ‘
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As has already been stated, Teel's experiment
served as the basis of our own in the administration of
Evans' alkaline extract of pituitary during pregnancy.
While this was not a repetition of his work, it
confirmed his results in the essentials. He found
that the normal gestation period was prolonged between
two and six days as the result of the injections, and
that this prolongation was due to a delay in implanta-
tion of the ova. Foetuses were still-born if
injections were continued beyond the sixth day; their
death was due to a failure of the birth mechanism , and
this was associated with a persistence of luteal
tigsue in the ovary due to the extract.

The delay in implantation of the ova and the
persistence of luteal tissue were examined further
gince the phenomena were likely to be common to both
experiments.

(a) A delay in the appearance of the placental
sigﬁ*in those animals which were injected from the
first day of pregnancy, induced Teel to examine the
uteri of a number of injected animals on the ninth,
tenth, and eleventh days of pregnancy. He found that
the implantation of the ova had been delayed; six-day
blastocysts/

#This did not appear till the eighteenth or nineteenth
day, instead of the thirteenth day as is normal.
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blastocysts (Huber 1915) were found free in the lumen
of the uterus,without the slightest evidence of a
placental reaction on the part of the uterus, and on
the twelfth day implantation sites resembling seventh
or elghth day development were observed.

That the ultimate death of the foetus was not due
to injury in the early stages was proved by its
subsequent implantation and development. The delay
in implantation was thought to be due to a delay in
the passage of the ova through the tubes as a
conseguence of the injections, but Teel found ova in
the uterus between days one and six. another
suggestion was that the delay in implantation was due
to a lack of sensitivity on the part of the uterine
mucosa as a result of the injections. It was found,
however, that placentomata were induced in immated,
injected animals by the usual means: the animals were
selected at random, injected with alkaline extract for
five days when a thread was inserted through the
uterus; injections were continued, and six days later
placentomata were found. This showed that the delay
in implantation above described,was not due to a lack
of sensitivity on the part of the uterine mucosa on
days five and six. It might be said that trauma such

as has been described exerts a much stronger stimulus

:on/
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on the mucosa than the delicate ovum, and that some
.factor, which is essential to its nourishment and
development was lacking. A brief description of the
development of the uterine endometrium during pregnancy
and a possible modification which took place as the
result of injection will make the point clear.

It is manifest from a histological study of the
mucosa at various stages that the uterus does not
maintain the same character through all stages of
pregnancy. (W.M. Allen (1931)). Between the fourth
and sixth days, during which time the ovum is normally
implanted, the uterine epithelium has a height of
twenty thirtg/&and the cells are columnar; there is
hardly any mitosis. ithere is no definite basement
‘membrane such as exists in pro-oestrus; mitosis is
taking place in the stroma and the general appearance
is one of gsecretion in the epithelial layers and of
!growth in the sgtroma. In the days that immediately
;follow (seven and eight), there is a transition to a
low cuboidal type of epithelium, and the general
!appearance is that of growth rather than of secretion.l
It is not until the tenth day that the epithelimm is |
thrown into erypts and folds and assumes the "hillocky%

| |
‘appearance which it retains till the end of pregnancy. |
| |

With each of these stages is associated a certain stage

!of/
|
|
i
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of development of the embryo. The secretory activity
of days four to six is evidently most favourable to
the embedding of the ovum. Days seven and eight
correspond to the period during which the developing
enbryo erodes the epithelium and becomes embedded in
the endometrium. Possibly the rapid growth of the
epithelium during this period aids in repairing the
injury which occurs at the time of implantation. At
about the tenth day the uterus enters on another stage
which is associated with uterine haemorrhage. Whatever
part this phenomenon plays it is immediately followed
by very rapid growth of the foetus and placenta as is
shown by the following figures:

At fifteen days the average weight of the placenta
is 180 mgm.

" term n n " of the placenta
is 400 mgm-.

" fifteen t " " of the foetus
ig 270 mgm-.

" Yerm " " u of the foetus
is 5800 mgm-.

Un this basis the growth between the fifteenth
day and term is:
placenta approximately 55 per cent of the total growth.
foetus u 95 per cent " gt B
With these different stages in the growth of.the
uterine epithelium it is probable that differences in

the/
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the structure of the corpus luteum and, consequently,
in the balaence of ovarian secretion as a whole, are
directly associated. R. Deanesly (1931) has shown
that between two and three days after ovulation the
lutein cells have reached their maximum size. After
this date,the corpus luteum enlarges by mitosis and

at avbout the tenth day is completelj formed and
measures 2.7 mm. in diameter (Arai, (1920)). Long
and Evans (1922) are of the opinion that the corpus
luteum of pregnancy does not differ from that of
ovulation until the tenth day and that at that time

a change in size and in-the number of lipoid granules
takes place. If, as has been suggested, structural
changes in the uterine endometrium are associated with
a balance between follicular and luteal hormone in the
ovary, it may rezdily be imagined that the formation
of abnormal lutein tissue is likely to have as far-
reaching effects on pregnancy as the excessive
secretion of follicular hormone. Allen (1931)

has shown that the effect of alpha on the uterus is
anabolic and only its withdrawal is accompanied by
destructive changes. The pro-ocestrous uterus bears a
strong resemblance to the five days' pseudo-pregnant
organ; in both cases there is marked secretory
activity of the cells and the epithelium is high and

columnar /
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columnar (20-304); but growth of the stroma is not
characteristic of the pro-oestrous uterus. Both
features are present in the uterus of early pregnancy,
and it is suggested that the combined result is due to
the interplay of the two ovarian hormones, alpha and
beta, and that alpha is responsible for the secretory
function and beta for the growth of the stroma. A
formation of abnormal lutein tissue may cause an
insufficient secretion of fluid by diminishing the
amount of alpha. As there is probably always alpha
present in the corpus luteum the result is not likely
to be so serious as in the case of the reverse process
effected by the anterior lobe implants, but appears to
be sufficient to delay the implantation of the ovum.

A number of experiments have shown that it is
impossible to prolong the luteal phase indefinitely
and possibly, on this account, the ova were qt}im&tely
implanted. Mirskaia (1930) states that '"the kyogeniec
reactions of the body cannot persist indefinitelyjfor
it has been shown that, in mice, the lactation interval
of three weeks is not prolonged though suckling is
continued; Brouha (1928) showed that even when the
life of the corpus luteum is extended by anterior lobe
extracts, it is for a short time only that the
sensitivity of the uterine endometrium is prolonged;
and Courrier and Kehl (195%} found that the corpora
lutea/



=D =

lutea which formed as the result of injection of
alkaline extract were powerless to prevent the normal
atrophy of the endometrium of the pregnant and pseude-
pregnant rabbit.

{(b) The persistence of the additional luteal tissue
formed as the result of the extract. Teel attributes
the failure of the biih mechanism difectiy to this
cause, and indirectly to an inhibition of ovulation
consequent upon this persistence. He states "that
ovulation and oestrus do not occur until the lutein
tissue formed from injections disappears. This is a
matter of twelve to twenty days after injections are
stopped". This persistence of abnormal lutein tissue
several days beyond normal term was a characteristic
of our own experiments. A number of facts can be
cited in support of Teel's contention that an inhibi-
tion of ovulation due to the persistence of lutein
tissue accounts for the prolongation of pregnancy: it
has been said that the injection of an extract of
ovaries from other animals at oestrus will hasten
parturition (Dixon and Marshall (1924)); and that the
frequent injection of alpha (Parkes (1940)) and
repeated implantation of small amounts of anterior
lobe tissue will have the same effect (Engle and
dermod (1928)). If the presence of alpha is essential
to parturition one may ask how parturition occurred

eventally/
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eventually. Ovaries removed from animals which had
already expelled dead foetuses contained no follicles. |
l(See plate.X%I). It has already been stated that
follicles can mature and ovulation can take place in
:the presence of corpora lutea (Deanesly (1931),

Zondek (1928), Swezy (1980), and our own experiments)ei

: I
Coanversely, decay of the corpus luteum is not in .
|

| ) ) : ; |
itself sufficient stimulus to cause ovulation (Deanesly

(1981)); yet ovulation always follows parturition. |

lMoreover, alpha causes sexual maturity but does not

cause ovulation, and injected in large amounts it fails
|
to bring about parturition. It would seem, therefore,

ithat some extra-ovarian stimulus plays a part in
initiating the changes associated with parturition.
This extra-ovarian factor ﬁay affect both the activity
of the corpus luteum and the ovulation-and alpha-
production mechanism of the ovary. This will be
examined in more detail later.

. While it would appear from the experiments of
!Wiesner \198) and those deseribed herein, that even in |
dilute form, the alkaline extract of pituitary gives
only one reaction, viz. luteinisation, the results
obtained by Courrier and Kehl (1929a) demonstrate that |
the extract is capable of causing follicular |

formation, luteinisation, or the combined effect

according/
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laccording to the amount administered. Although
'Hill and Parkes (1930b) obtained oestrous changes in
the vagina of the ferret with the same extract this
'is not necessarily significant, as apparently their
épreparation was toxie, for cystic follicles were
iformed- Courrier and kehl (1929a) show clearly by
:their nistological findings that the three effects

| were obtained: cats in dioestrus were given varying
:amounts of extract corresponding to from ten to twenty
igrams of fresh glands. "Avec les doses les plus |

' faibles nous avons declenché une phase folliculaire

caractéristique: 1'ovaire est volumineux, il renferme
' ) A y
des follicules en maturite et parfaitement normaux;...

la corne utérine a le plus souvent triple de volume; ..

W

‘1‘epithélium vaginal offre ici l'aspect caracté&istiqw
|de la phase folliculaire normale. Chez une chatte
iayant regu des doses un peu plus fortes, le tractus
|génital est en phase folliculaire, et dans l'ovaire
|1les follicules volumineux renferment leur ovocyte:
imais quelques cellules de la granulosa sé pyenosent
itandis que les atres se transforment en éléments
,lutéiniques-.--On a l'impression que ces follicules,
apres avoir subi une maturation normale et déclenché
dans tout le tractus genital les modifications du rut,
sont en voie d'atresie lutéinique.

Chez l'animal ayant requ la plus forte dose

(20/
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(20 gr. en 12 jours), on trouve un ovaire renfermant
de nombreux corps jaunesg;s-+++-.cette phase 1utéinique
a été précédée dune phase folliculaire comme nous 1l'a
montré 1'étude quotidienne du frottis vaginal. La
corne utérine nettement hypertrophiée n'a pas 1l'aspect
typique de la phase lutéinique normale...il semble que
l'action de ces corps jaunes soit moins intense que
normalement' .

The implentation of large amounts of anterior lobe
tissue demonstrated that a substance which in small
amounts causes follicular formation (or the first
phase of the ovarian ceycle) is capable, in greater
concentration, of inducing the second phase, associated
with luteinisation. Courrier and Kehl's experiments
complete the chain of evidence in the other direction;
they show that a luteinising extract can cause either
the luteal or the follicular phase according to its
concentration.

‘The Urine Extract.

It has been implied in the foregoing study that
interruption of pregnancy is associated with induced
follicular activity, and its prolongation with the
persistence of luteal tissue, and that each of these
results may be obtained by the administration of
different concentrations of pituitary hormone-. It
‘has generally been observed that small amounts of

pregnancy/



pregnancy urine preparations stimulate to sexual
maturity in a short time,but if injected in large
gquantities for a longer period cause follicular
luteinisation (aschheim and Zondek (1930)) with Prolan,
Biedl, Botschkareff, Brouna (all (1929) Wiesner (1931)
etc.) . The results were not so straightforward,
however, as is implied, and it would seem that
pregnancy urine stimulates the production of both the
alpha and beta hormones of the ovary. The effect on
pregnancy will depend on the stage of development of
the uterine mucosa and not entirely on the dosage.

The dual effect can be obtained in the same animal
after injection of pregnancy urine: i.e. mature
'follicles, corpora lutea and corpora haemorrhagica, as
has been shown by #iesner and Marshall (1931), Hill

and Parkes (1930-31), Zondek and Aschheim (1928
Odescalchi (1928), etc.). This, indeed, is freguently
a charscteristic of pregnancy urine: 1if one presupposes
that two pituitary factors are involved in these effects
it would be necessary to assume that some follicles
received one substance and other follicles another, in
order to aagcount for the different reactions. The
following points are to be noted:

(1) The urine extract employed is a highly purified
substance and would be absorbed more rapidly than

either/
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either the untreated tissue or the less purified
alkaline extract. The response on the part of the
ovary would be likely to vary according to its
secretory activity at the time. Undeveloped
folliecles would mature, mature follieles would undergo
luteinisation or become haemorrhagic. If the first
gstimulus is rapidly followed Dy othefs, he develop-
ment of luteal tissue will be accelerated. If the
stimuli are spreazd over a relatively prolonged period
the Tirst effect is likely to be maintained. It
follows, therefore, that the more prolonged the period
of injeetion is in the pregnant animal, the more like-
ly is resorption to take place. This was borne out
by our results.

It was on these grounds that certain modifications
were made in the latter half of the experiment with the
urine extract on pregnant rats. Both Engle and
IIa{ermod's results with implants, and our own with urine
!extrdct, showed that pregnancy was more easily
Tinterrupted in the early stages than in the later;

;the embryo itself is likely to be more sensitive
'to changes in nutrition at an early period of

|
‘its development . Also, if the corpora lutea of ‘
!Pregnancy are not fully formed till the tenth day !
!(A.rai, (1920), it is evident that the balance l

;of/
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of ovarian secretion will, during this period, be more
readily weighted in favour of the follicular hormone
than at a later stage. For this reason, members of a
group recelving injections from the second day of
pregunancy were given a second injectioa within ten
hours of the first, thres injections being given in the
twenty-four hours. These had normal pregnancies; it
is presumed that the effect was to accelerate luteini-
sation of the follicles in which the initial injection
had induced development. In the animals which
received the same total amount of extract over a longer
period (and even from a later date viz. the seventh
day) pregnancy was interrupted at a later stage. It
would appear, therefore, that the strength of the
initial stimulus largely determines the result to be
obtained.

(2) An amount of extract which in the early stages of
pregnancy is definitely'disruptive (0.1 cc. daily) is
able, when injected at a later date (eleventh and
fifteenth days), to prolong pregnancy to the same
extent as the most concentrated doses. If it is held
that a certain substance exists in the small doses and
another in the larger amounts, these respective
quantities should always produce the same effect. Had
Pregnancy run its normal course one would have con-

tended/



contended that as it is more difficult to interrupt the
later stages of pregnancy, the extract had been
ineffective. Since it prolonged pregnancy to the
same extent as the larger doee, it seems evident that
the effect was due to the same substance in both
cases, and that the different response is one of
degree and not of kind. |

(3) That one hormone is responsible for follicular
maturation and another for luteinisation is held by
many authorities (Claus (1931) Hill and Paries (1930)
Wiesner (1930) Zondek and Aschheim (1930)); yet three
points are noteworthy:

(a) Hill and Parkes (1930Q) found that luteinisation
follows automatically on ovulation without further
injection; and in the rabbit by similar treatment,
g¢orpora lutea are formed which are functionally
equivalent, so far as their action on the uterus is
concerned, with those of pseudo-pregnancy (Robson
(1981) ) -
| (b) Continued injection of an "oestrus-producing”
Ihormone induces in the ovary and uterus, changes
characteristic of the luteal phase (Wiesner (1931))-.

(¢) An "oestrus-producing" hormone can bring about
oestrous changes in the uterus or vagina without
follicular formation in the ovaries (Wiesner). Hill
and Parkes mainly base their conclusions \that there

are/



are two factors) on Engle and Hermod's experiments

and state that the fact that pituitary tissue caused

a "reversal" of the luteal phase instead of reinforecing
it, is "the most conclusive experimental finding that
two hormones are concerned". The results obtained from
large implants, and from small smounts of urine extract
in mid- and late pregnancy, when takén in conjunction
with those of Courrier and 4ehl (1929) with an

alk=line extract of pituitary, seem to point to the
existence of one gonadotropic hormone only.

Certain features are noteworthy in connection
with t:e high incidence of resorption in animals
injected with urine extract in the early stages of
pregnancy .

(a! There was no outward manifestation of an
interruption of pregnancy until a relatively late
stage - the placental sigp appeared at the normal time
and it was only its excessive character that denoted
an abnormal condition,and this was not an infallible
sign. That abortion did not follow immediately or
relatively soon after injection seems to point to the
action being an indirect one.
| (b! The most noteworthy feature, and one which
!requires to be emphasised, is,that in the rats in .which
resorption occurred, this condition was, almost with-

out/



without exception, associated with marked luteal
development in the ovaries. These were remarkable
for the absence of follicles and invariably consisted
of masses of corpora lutea; as many as 20-25 corpora
lutea in one ovary were freguently found, and the
ovaries were more than twice the normal size. The
vagina of such animals showed none of the typical
oestrous changes: and though the uterus was of pro-
oegtral type (allen (1931)) and in some cases there
were indications that ovulation had recently occurred,
these had followed the interruption and were not its
cause- |

As the main results of the ser;es of experiments
uﬁdertaken fll into two headings: the interruption of
pregnancy and its prolongation, it seems profitable to
examine in fuller detail the factors underlying these
phenomena. .

Interruption of Pregnancy.

The features which were found in the animals
which aborted in the experiment carried out by Engle
and Mermod - follicular maturation etc. - are in
.marked contrast with those observed in the animals in
which abortion or resorption occurred in the experiments
‘which we have described. In the latter, the structure
;of the ovaries and vagina were typical of the luteal

|
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phase: luteinisation was excessive in the ovaries,
and the mucous stratum of the vagina was high and
vacuolated; these features, however, were found in
conjunction with a condition in the uterus which is
agssociated with oestrus (Allen, Long and Eveans (loc.
eit)). The difference between the picture presented
by Engle and Mermod's animals and that which we have
described is so marked that it would appear likely
that the interruption of pregnancy was not due to the
same cause in both experiments.

Several possibilities have to be considered:

(1) That the interruption of pregnancy was dué to
the secretion of alpha. "Follicles are not necessary
for the continued secretion of the ovarian hormone
which is responsible for oegstrus"—— (Allen, Pratt
et al (1930)). Support of this fact has been provided
in various forms. Parkes (1926) destroyed the ovarian
follicles in a mouse by means of erays}but the oesgstrous
rhythm was uninterrupted. Both Hill and Paries (1930)
and Wiesner (1931) found cornification in the vagina in
the presence of atretic corpora lutea, and the former
obtained the oestrous sign in the ferret (enlarged and
Iswollen vulva) in the absence of any ovarian change-.

EAS in both cases a preparation of pregnancy urine was
iemployed, the findings are significant. The possible

:source/



source of alpha was not merely the ovarian stroma but
the atretic corpora lutea themselves; Zondek and
Aschheim found alpha to be present in such bodies.(1928a)
The explanation does not appear to be altogether
satisfactory, as histologically the corpora lutea

formed after injection of urine extract appeared in no
way different from those formed after injection of the
alkaline extract of pituitary, which did not cause an
interruption of pregnancy.

(2) That a follicular phase preceded the formation
of corpora lutea, that luteinisation took place slowly
under the influence of a weak luteinising extracf, and
that disruptive forces were initiated, (involution and
regression of the uterus), which the formation of fresh
corpora delayed for a little but was powerless to
prevent.

(3) That the development of the corpus luteum was
arrested and held in check. If a certain phase of
development in the corpus luteum is associated with a
definite structural phase in the uterus, (and this
geems likely from the histological studies of Allen
(1931)), it is reasonable to suppose that, by arresting
further development of the corpus luteum, the character
of the uterine endometrium may not change in accordance
with the demands made upoﬁ it by the growing embryo.
Such/



Such a circumstance would be attended with considerable
danger to the foetus but need not cause abortion: that
a particular stage of uterine development was "held" in
this way, but without ill effects, was shown in the
experiment with the alkaline extract, when the
implantation of the ovum was delayed. Failure on the
part of the corpus luteum of ovulation to enter upon
that stage of growth which is associated with the
corpus luteum of pregnancy, may account for the fact
that resorption frequently takes place only after mid-
pregnancy is passed.

Conversely, the development of the corpus luteum
(and therefore of the uterine mucosa) might be so
accelerated as to be ahead of the development of the
ova. The placentomata test could have shown whether
this were the case, but this was not performed.

(4) That some unknown factor in the pituitary was
stimulated either directly, 6r through the ovary, or
through some channel outside both. It is suggested
that this factor may act directly on the uterus and not
through the ovary: Courrier (192%) caused abortion in.
rabbits by injecting 'folliculin', but there were no
structural changes in either the ovaries or the uterus;
the decidual reaction was as intense as in the
controls. He contends that the action was not

‘through/



through the corpus luteum,as in this event the
endometrium would have degenerated. Allusion has
already been made to the action upon the pituitary of
repeated stimuli (Engle and Mermod (1928), Zondek
(1928& and Deanesly (1931)); the two former with
pituitary implants and the latter with alpha induced
ovulation. That the alkaline extract never has this
effect may be in some way connected with its
antagonism to ovulation (Evans (1924), Teel (1926)
Brouha and Simonnet (1928)), for there would appear to
be some connection between the mechanism which main-
tains the pregnant condition and that which suppfesses
ovulation.

Prolongation of Pregnancy.

The removal of corpora lutea brings pregnancy to
an end (Fraenkel, etc.); their persistence prolongs
pregnancy (Teel). This implies either

(a) that their period of functional aectivity is
extended, or

(b) that their presence prevents the activity of
some other factor which plays a part in the birth
mechanisme.

(a) That the corpus luteum does perform a definite
'function in the later stages of pregnancy, although
'perhaps a less vital one than at its commencement, is |

|indicated/



indicated by the nature of the activity of the

uterine endometrium. Allen (1931) states that from
the tenth day the endometrium assumes the "hillocky"
appearance wiich it retains till the end of pregnancy.
"During thisg period the growth of the epithelium
continues, but is slow, the stroma is oedematous, there
is a definite basement membrane and the appearance is
as of secretion". That there is marked growth both of
the placenta and of the foetus at this time has already
been shown; the fact that placental and foetal growth
was so frequently continued after normal term in the
injected animals, indicates that the functional life of
the corpus luteum, Jjudged by uterine activity, had
been extended. An instance was found in which the
placenta was actually embedded in the stroma which
showed considerable glandular activity; all the
placentae in this animal were 250-300 per cent larger
than the average (See Plate)-

(b) It must be evident that the activity of some
other factor which is essential to the birth mechanism
was inhibited. Various pogsibilities arise:

(i) that this factor was ovarian
(ii) " n " " uterine
(iii) n u " "  extra-ovarian and extra-
uterine.
(i) That this faoctor was ovarian. The theory that

‘an antagonism exists between the follicular and corpus
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luteum hormones is of old standing and has perhaps
been unduly stressed. It is based on two findings:
the so-called oestrus-inhibiting properties of extracts
of corpus luteum, and the interruption of pregnancy by
alpha . The secretion of alpha during pregnancy when
the corpus luteum is dominant, its existence in
corpora lutea themselves (Allen, Pratt et al (1930)
Zondek (1928ﬂ{,the necesgity for its presence for the
continued activity of the corpus luteum hormone in
ovariectomised animals (Hisaw and Leonard (1930),
Corner and Allen (1929)) and the lack of relation
between its secretion and its outward manifestation in
morphological changes in the genital tract, make it
difficult to ascribe oestrus-inhibiting properties to
corpus luteum extracts. The tendency is to consider
this antagonism to be inherent in the hormones them-
selveg, and their interrelation as a direct one, with-
out reference to a possible intermediate factor, but
there would seem to be indications in favour of the
latter hypothesis. In any case, no experiments have
reported oestrus-inhibiting properties with hormone
content as determined by any well-defined test.

Since pregnancy can_be interrupted by the
administration of alpha (Parkes (1930) and Dixon
(1924) ), and as parturition is followed by oestrus and
ovulation, there are indications that the secretion of

' alpha/
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alpha plays a large part in the normal birth mechanism.
S0 long as the corpus luteum is active, the full
effects of alpha are inhibited. It would appear,
therefore, that the persistence of lutein tissue had,
by preventing the secretion of alpha, caused pregnancy
to be prolonged.

This is not an adequate explanation of the
failure in the birth mechanism,as is shown by the
following: the uterine contraction which takes place
at oestrus is slight, and insufficient to expel the
foetus — (Bourne and Burn (1928)); also, the amount of
alpha which, in the castrate, induces all the '
manifestations of oestrus is unable to cause abortion
(Courrier et al (1929)). It was found by Bourne and
Burn,and confirmed by Parkes (1980), that the oxytocic
principle in the posterior pituitary which causes the
uterine muscle to contract, acts more readily in the
presence of alpha,and it wés presumed that the
degeneration of the corpus luteum permitted the

' secretion of alpha in amounts sufficient to sensitize
the uterus to the activity of pituitrin. Two
objections occur: Where parturition follows the
removal of the ovaries (either after a short or long
interval - as in man) the secretion of alpha cannot
play a part in the birtih mechanism. loreover, Parkes

' (1930)/
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(1930) affirms that alpha had to be administered in
repeated injections spread over thirty-six hours,
(mice), and that a more rapid or concentrated stimulus
was without effect. This would involve its secretion
in large amounts for a considerable period prior to
parturition, but experiments indicate that the aetivity
of the corpus luteum is continued until within a few
hours of parturition. Pituitrin can act in the
absence of alpha (Parkes (1930)) so that alpha canaot
be described as playing an essential part. Siegert
(1931) states that alpha can inhibit the reaction to
pituitrin of the uterus (in vitro) of the virgiﬁ rat
' or guinea-pig-. As the uterus of a pregnant rat in
vitro responds to pituitrin, there would seem to be
some mechanism inhibiting its activity throughout
pregnancy (Siegmund, (1930))-.

(ii) That the factor which failed to play its
normal part in the birth mechanism was uterine, foetal
or placental. It has been said that a foetal stimuls
is active in changing the corpus luteum of ovulation
into the corpus luteum of pregnancy (Long and Evans
(1922) ), Jjust as by reaction of the pituitary to the |
stimulus of suckling (Crew and Mirskaia (1930a)), the |
 corpus luteum of pregnancy is transformed into the
Ieorpus luteum of lactation. The reason that pseudo-i
pregnancy comes to an end, is that there 1s no uteriné

stimulus/
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stimulus to extend the life of the corpus luteum. It
may not be impossible, therefore, that parturition
tekes place not only "when a particular stage of the
ovarian cycle is reached" (Parkes (1930)), but also
when a certain stage in uterine development is reached.
This would presuppose that pregnancy comes to an

end either because, owing to faulty conditions in the
uterus, the foetus has not developed, and has there-
fore not stimulated the continued growth of the corpus
luteum, or that foetal growth has reached a maximum,
and that the stimulus which it exerts via the
pituitary during its growth has consequently been
withdrawn. The objection is that completion of foetal
and placental growth is not sufficient to set en train
the changes pertaining to parturition. It must also
be borne in mind that "phenomena normally associated
with parturition may occur when a similar ovarian
stage is reached at the end of pseudopregnancy" for
which no foetal stimulus can be held responsible.
(Parkes (1929a) (Plate )+ lLioreover, it would
appear that certain uterine changes did take place in
spite of the persistence of luteal tissue in the ovary,
in that not only were the placentae in most cases
 detached from the endometrium but incomplete expulsion
%of the foetuses ocecurred. AS parturition was

!frequently/
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freguently protraced, it is evident that some factors
which -normally play a part in the birth mechanism were
wanting; thelr absence was associated with the
abnormal ovarian condition. That parturition did
occur in the absence of those ovarian changes normally
associated with it, may in some measure have been due
to uterine contractions set up by increased abdominal
pressure due to putrefactive gaseous distention.
(Routh (1898), quoted by lMarshall (1922)).

(iii) That some factor, both extra-ovarian and
extra-uterine, was prevented from playing its normal
part in the birth mechanism. As neither alpha ﬁor
the completion of foetal growth appears to provide
sufficient stimulus to cause parturition,it would
appear likely that the prolongation of pregnancy was
due to an inhibition placed upon some outside factor
which is normally responsible for a renewal of
pituitary aectivity. It is probable that the factor
which is responsible for stimulating the pituitary at

| puberty, is also responsible for the ovulation which
| follows parturition, and that a high level of
'pituitary activity is as essential to pregnancy as is

' the existence of the corpus luteum.

' Normal Pregnancy. From a study of the foregoing,
fcertain facts emerge that may throw some light on the

| mechanism/
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mechanism of normal pregnancy. It has been shown
that the maintenance of pregnancy is due mainly to

the existenpe of the corpus luteum secretion; its
removal causes abortion in almost all animals except
man; 1its function has been shown to consist chiefly
in producing certain morphological changes in the
uterus that are intimately connected with the
implantation and subseguent nourishment of the ovum
(a) Fraenkel (1910), Corner (1929 etec-) Hisaw (1929)
Weichert (1928)) and that alpha is incapable of
fulfilling these functions (Courrier (1928b)). Corpus
Juteum extracts injected into mature rabbits caused
proliferation of the uterine mucosa but did not bring
about this reasction in immature animals (Hermann (1915) ).
Such extracts have no effect on the ovariectomised
animal, but if alpha is first administered, the usual
response is obtained to the subsequent injection of
corpus luteum hormone (Hisaw and Leonard (1930),
Corner and allen (1929)). <1his is not maintained,
however, in gpite of continued injections of corpus

' luteum extract (Hisaw and Leonard (1980)), and it would
ESeem that beta reguires alpha for its full activity.
A part has already been assigned to alpha in

;the struetural changes which take place in the uterus

during pregnancy and pseudopregnancy (Allen (1931))-.

It/
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It has been sugsested that alpha is mainly responsible
for the secretion of fluid throughout pregnancy, and
for the development of the uterine musgculature, while
the activity of beta is chiefly concerned with the
growth of the stroma. However, the secretion of alpha
during pregnancy is apparently maintained at the low
level of prepuberty and anoestrus (Engle (1931));
follicles form and reach a considerable degree of
maturation but ovulation is rare.

It is generally held that the relation between
beta and alpha is antagonistic as well as complemen-
tary. Inhibition of ovulation was regarded by Loeb
(192@6 as one of its cihief functions, and only second to
its action upon the uterine mucosa, as ovulation rarely
ocecurs in the presence of a funetional corpus luteum.
AS in most animals the termination of pregnancy is
associated with the cessation of the funcetional
activity of the corpus luteum, it follows that it is
equally determined by the nature of the pituitary
activity. Anything that diminishes the activity of
the pituitary is likely to interrupt pregnancy,
especially if the stimulus is a repeated one. The
‘high level of pituitary activity may be maintained
5u_nder stimulus from the corpus luteum, or through some
;other mechanism, since a low level of secretion of the
.pituitary can occur in the presence of strong luteal

development /
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development in the ovary.

It has been stated that the secretion of alpha
performs a definite function in the pregnant animal,
and although present in large amounts, e.g. in human
placenta and urine (Zondek 1198§J, Wiesner (1930) and
Collip (1930)) and to a less extent in mouse placenta
(Mirskaia and 7iesner (1930)), it does not cause
pregnancy to be interrupted. The amount of alpha
which, in a castrated guinea-pig caused cornification,
failed to cause an abortion in a castrated pregnant
animal . While it may be said that the uterus varies
periodically in sensitivity to the oestrus-produding
hormone, it appears likely that some outside mechanism
is responsible for the gsuporession of its full effects,
and inhibits the reaction of the uterus. It is
probable that oxytoein or some other factor acts
upon the uterine musele,causing it to contract and to;
expel the foetus, and that either its action is held
in eheck or its secretion is inhibited during
pregnancy (Bourne and Burn (1928), Parkes (1930),
Robson and Illingworth (1931)). That the stimulus
' initiating the changes associated with parturition
does not arise in the ovary,is indicated by the fact
that in man and possibly in some animals (e.g. the
: guinea-pig/, pregnancy can continue in the absence of |

. both ovaries-. That it may arise from the uterus

either/
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either directly or indirectly, would appear likely.
It is possible that the degeneration of the corpus
luteum towards the end of pregnancy is caused by a
uterine stimulus, as hysterectomy causes a persistence
of the corpus luteum (Loeb (1923a) Agdell (1928)).
That it is not due to a foetal stimulus is shown by
the fact that similar changes occur at the end of
pseudopregnancy .

The conclusions are, briefly, as follows:

(a) For the normal course of pregnancy, ovarian
gecretion in the mouse and rat is essential throughout
the gestation period.

(b.) While the corpus luteum plays a dominant part
throughout pregnancy, it requires the presence of alpha
for its proper function.

(¢/ An "optimal quantitative relationship” exists
between the follicular and corpus luteum hormones
(Hisaw and Leonard (193))), and #ket for pregnancy to
run a normal course the secretion of alpha must be
subordinated to that of beta.

(&) It follows that the degree of pituitary
activity which is associated with the sexual phase of'
' the ovarian cycle is subordinated to that which
éaecompanies the reproductive phase.

(e) It is probable that some mechanism outside the

zovaries/
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ovaries is responsible for preventing tiis activity,
and that this mechanism is connected directly or
indirectly with the uterus.

(f) Parturition is intimately connected with the
decadence of the corpus luteum and with the mechanism
concerned with ovulatione.

The Part Played by the Anterior Lobe of the Pituitary

during Pregnancy.

There are indications that pituitary secretion is
maintained at a high level throughout pfegnancy-
Though the growth and continuance of the corpus luteum
may be furthered to some extent by foetal stimuli, it
is unlikely that these play any considerable part in
the early stages,and at no time directly upon the
corpus luteum. Zondek and Aschheim (1928a) have
demonstrated the presence of large quantities of
pituitary hormone in the urine of pregnant women.

Its production follows "almost like an explosion on
the implantation of the ovum......is early as the
first month of pregnancy 'l'ormone ipofisaris si
mobilizza' and rapidly reaches a concentration of

3-5000 units per litre of urine; it is maintained at

'this level until towards the end of pregnancy and

disappears from the urine about the eighth day of
puerperium" (Odescalchi, (1928)). The presence of
pituitary hormone in urine was used by <ondek and

Aschheim/
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Agschheim in the diagnosis of pregnancy, in that it is
almost specific for this condition. The presence of
ovarian hormone could not be used for diagnostiec
purposes; it is not present in appreciable amount
{800-600 units) during the first month and though it
reaches at the fifth month a concentration of 5000~
7000 units per litre and is maintained at this high
level until term, it is frequently associated with
conditions other than pregnancy, e.g. carcinoma,
benign tumours, cystitis, amenorrhoea and the
climacteric (Zondek (1928a), Odescalchi (1928)) .
Experiments performed by Wolfe (1931l) in which
sows' pituitaries were implanted into rabbits,
indicate that there are cyclic variations in the
hormone content of the pituitary. The anterior lobes
of the pregnant cow and sow, according to Zondek (1931)
contain the same amount of hormone as those of the
non-pregnant animals. This author also states that
the pituitary of the pregnant woman contains only a
small amount of hormone or none at all, but this does
not necessarily indicate an absence of activity on
_the part of this gland.
| An experiment periormed by Haterius and Nelson
' \1929) supplies evidence of a high degree of aotivity'
;on the part of the pituitary during pregnancy. |

| Ovaries/
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Ovaries from virgin rats were implanted into pregnant
females between the 9th and 13th days of gestation and
the host's ovaries were removed four or five days
later. rregnancy was uninterrupted and normal young
were born at term; histological examination of the
ovarian grafts invariably showed the presence of
lutein tissue. The immature ovaries were able to
undergo adaptation and to develop masses of luteal
tissue, so as to serve as functional .substitutes for
the original ovaries in the pregnant animal.

Mammary changes under the influence of the
extract were not examined, but it seems to be fully
established that. the lutein phase of ovarian activity |
and mammary development are related and that the |
pituitary plays a part in this development (Ancel and |
Bouin (1911), Stricker and Grueter. '1928), Corner |
(19%0)). The presence of foetal or placental
elements is not essential to mammary growth, as in
Ithose animals in which pseudepregnancy is marked e.g.
:the rabbit, ferret and dog, considerable growth occurs
' and even milk secretion during the pseudopregnant
.period (Pari:es (1929a)). This activity is not, E
' however, equivalent to full pregnancy development, noﬁ
Ecan this be induced in unmated animals by means of |

' eorpus luteum extracts (Corner (1930)). For this

' reason/
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reason it would appear likely that the placenta is
largely responsible for the attainment of the maximum
pregnancy development of the mammary glands. The
influence of the posterior pituitary upon milk
gecretion was observed as early as 1913 (Hammond);
that of the anterior pituitary has now been clearly
demonstrated by Corner (1930). In experiments upon
virgin rabbits, from which the ovaries and uterus had
been removed, he induced abundant secretion of milk

and full mammary development by means of an alkaline

| extract of the pituitary, showing that the effeet of

pituitary secretion may be a direct one.
From the data given therefore, it would appear

highly probable that throughout pregnancy the anterior

lobe of the pituitary maintains a high level of
activity. Certain difficulties are presented by

this conclusion: the part played by alpha during

pregnancy, which is associated with the dominance of
activity in the presence of a high degree of |

. " H ; ; |
luteinisation; and the mechanism responsible for |
maintaining pituitary sscretion at this high level. :

(1) The seeretion of alpha in large quantities

during pregnancy in the human being, is indicated by

its presence in inereasing quantities in the urine, ‘
and/ ‘
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and in the placenta. Its secretion in the mouse and
rat is surmised on the following grounds: its presence
in mouse placenta (Mirskaia (1930)), and its outwarad
manifestation in modifications of the cell content of
the vagina associated with follicular activity in the
ovary (Swezy and Evans (loe. eit)). It is an
established fact, however, that alpha alone is
incapable of either initiating or maintaining the
pregnant condition.

(2) The corpus luteum hormone does not prevent
the formation of follicles; 1t may inhibit their
full maturation. Follieles form throughout prégnancy
and reach a considerable degree of development (Plate

W. ). It is unlikely that the high level of
pituitary acetivity associated with the luteal phase
could be maintained; the cyclic mature of its
activity, indirectly reflegted in the vaginal mucosa,
is not wholly subordinated even during pregnancy.
Were luteinisation to take place in the absence of
follicular formation in the human it is probable that
the ova would suffer; the ovary itself would undergo

atresia. It is possible that this is the factor
underlying some forms of amenorrhoea. While the
complaint in such cases would be attributable to

hyperactivity of the pituitary, in many instances

amenorrhoea is due to undersecretion of that organ:

' The level of activity remains of such a type as 1is
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agsociated with follicular formation in the ovary, and
luteinisation does not occur. Ags the degenerative
changes which occur at parturition are associated with
the breakdown of the corpus luteum, so also, are those
of menstruation, the latter being virtually a "pseudo-
birth" (Wiesner (1929). Amenorrhoea, therefore, may
be due either to the persistence of the corpus luteum
or to its fallure to develop, i.e. to hyperactivity or
to hypo-activity of the pituitary.

(3) It is to be assumed that some mechanism
exists for determining the level of pituitary activity.
From the fact that hysterectomy prolongs the life of
the corpus luteum for a considerable period, (Loeb
(192%a) and Asdell (1928)),it would appear likely that
the uterus, either directly or indirectly, exerts some
controlling influence on pituitary secretion. That
maturity can be artificially induced in the immature
animal but not maintained, may be due not merely to a
lack of somatic development but to such an inhibitory
factor as we have asgsumed.

A Consideration of the Existence of one or of two
Gonadotropic Hormones in the Pituitary.

There would appear to be four degrees or forms
' of activity associated with pituitary secretion as
| exhibited in changes in the ovary: follicular

| formation without maturation, alpha secretion,

iovulation/
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ovulation and corpus luteum formation. Follicular
maturation may occur without the changes in the
reproductive system which are associated with oestrus;
oestrus may occur without ovulation. The existence in
the pituitary of two factors has been formulated in
order to explain the different reactions on the part
of the ovary, viz. follicular formation and corpus
luteum formation. Extracts of anterior lobe, human
placenta and pregnancy urine have been:prepared which
induce both follicular maturation and corpus luteum
fonngtion- The same preparation usually has the
first effect when given in dilute amounts and the
second when given in more concentrated form; moreovef
it appears that the first effect cannot be held
indefinitely without the second supervening (Wiesner
and Marshall (1931)). It has been assumed that two
pituitary factors (Rho factors) are present in these
Iextracts "in varying proportions and that both their
relative concentration and their absolute quantity
determine the effect" (Wiesner (1931)). Reference
has already been made to the literature bearing on
:these results, and to the faet that frequently a
!combined effect is obtained in one animal, viz.
ifollicles, corpora haemorrhagica and corpora lutea;
'in such cases one has to assume that the different i
| follicles/ |
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follicles received different substances or that the
excitability of the different parts of the ovary varies.
Apparently it has not been possible to separate
the two factors, though until recently it was believed
that the kyogenic (i.e. the luteinising) hormone had
been isolated in BEvans' alkaline extract of the
pituitary. While it would appear that initial treat-
ment of the pituitary with alkali causes more efficient
extraction with the saline, so that the active sub-
gtance is present in greater concentration, Courrier
and Kehl's experiments indicate that the kyogenic
reaction is not obtained in all concentrations. (1929a)
Recently P.E. Claus (1931) has claimed to have
geparated the two factors in human pregnancy urine.
Acetic acid, ether and acid-alcohol were employed in
the extraction, and erystals were formed which, dissolved
in the equivalent of 1 cc.: 126 of urine, produced
precocious sexuval maturity in mice. It is perhaps
‘inadvisable to make comparisons between the amount of
urine and the effect secured as the concentration of
the active substance varies so greatly in the materials
used . It is interesting to note that the equivalent
of 120 cec. of urine was the minimum required to
'produce the same effect in Wiesner's experiments (1931)
:and as much as 200 cc. in our own experiments failed th

cause/
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cause luteinisation in the rat. It is possible,
therefore, that had Miss Claus concentrated her
material still further, luteinisation would have
occurred.- In the preparation above described, a
substance which was insoluble in alcohol was found to
inhibit oestrus and ovulation, and to cause
luteinisatione. It would seem advisable for further
tests to be made with these two preparations before
the isolation of two factors can be daimed.

Whether it is assumed that the effect produced
on the reproductive system is determined by one
factor or by two, the existence of some mechanism
which sets free at intervals a larger or smaller
amount of hormone, seems to be implied. Whether such
a factor exists in the pituitary itself, or is supplied
by some other endocrine organ remains to be aacertainéd,
as also the mechanism which governs its periodic |
activity.

With regard to the different response which
animals make to the same extract or treatment, it is
necessary to consider two circumstances:

(1) o two animals are at the same stage of ovarian

activity at one time; only to a strong stimulus is

' the response likely to be uniform; td a relatively

| weak stimulus some may respond with follieular

formation, some with luteinisation or atresia, while

' others may make no response at all. The last-named

I
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is likely to occur in those animals in which the
oestrous threshold is normally low, i.e. where the
full oestrous signs aremrely or never present and
cornification of the vagina is incomplete.

(2) Grounds exist for supposing that the
reproductive system does not remain at the same level
of sensitivity continuously. This variation in
sensitivity is shown by the inability to extend
unduly any phase of ovarian or uterine activity.
Instances have already been given: artificially
extended follicular activity passing into atresia
(Viesner 11931)), and the inability to extend for 1ong,
the functional period of the ceorpus luteum of Dpregnancy,
pseudopregnancy or laectation (Courrier and i.ehl), and
Mirskaia) .

Parturition and the part played by the Posterior

Pituitary in llormal Pregnancy.

It has long been held tfyler Smith (1849,

| Minot (1889) and Beard (1897) that there is a

' connection between parturition and menstruation, and

' that the two processes are homologous. According to

Iinot, "the menstrual and gravitidal changes follow

the game cycle of events, the pregnant uterus passing
through a prolonged and intensified menstrual cycle"-é
He thought it probable that there was a common cause
for the termination of both. Ag in the rat and

mouse/ |
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mouse similar conditions are presented at the end of
pseudopregnancy to those at menstruation and parturi-
tion, a careful study of this stage in the ovarian
cycle of these animals might throw some light on both
of these phenomena. It is exceedingly difficult to
secure specimens of uteri at the stage when haemorr-
hage tazes place,and it is likely that this is of very
short duration. From the three cases which were
examined, it would appear thatl the blood.collects in
the uterus, and, either owing to pressure, or to
stimulation of some nervous mechanism, possibly
gsituated near the cervix, is expelled, presumably as
the result of a series of uterine contractions. The
uterus in every case preseanted on the outside the
lumpy appearance denoting early pregnancy, and it was
at first thought that this condition actually existed.
On sectioning, it was found that blood and decidual
cells had collected in pockets, and it was this
appearance which led to the surmise that a certain
degres of pressure was being exerted. The uterus was
distended and histological examination showed a
development characteristic of pro-oestrus (see plate
and text); the lutein tissue of the ovary was
degenerated,and vascularisation was marxed; in one
case ovulation had occurred and in another was

' imminent. There seems little doubt that the phenomena

;associated/
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associated with the dehiscence of decidual tissue and
accompanying haemorrhage, were in some way attributable
to the cessation of the functional activity of the
corpus luteum, and that the inhibition which had been
placed upon the secretion of the posterior pituitary
or upon the effects of that secretion was withdrawn.
Extracts of the corpus luteum have in some cases
given increased contraction of the uterine muscle, in
others relaxation (Guggisberg (1913)). Sharpey
Schafer (1917) states that the ovaries appear to
produce two hormones, one inhibiting the contractility
of plain muscle and the other increasing it.
Experiments carried out by knaus (1930) and receantly
confirmed by Robson and Lllingworth (1931) throw more
light on this problem. It has been shown that the in
vitro uterus of the non-pregnant rabbit which normally
contracts on injection with pituitrin, does not
contract during the domiﬁance of corpus luteum
secretion viz. during pseudopregnancy and the first

1o days of pregnancy (Knaus (1930)) . Extracts of

corpus luteum which caused progestational prolifera-

| tion in the rabbit's uterus also inhibited the in

vitro reaction to pituitrin, the action being, there-|
fore, similar to that occurring during pregnancy
(Knaus, and Robson and illingworth). Experimental

evidence/
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evidence indicates that the proliferative and
inhibitory actions of the corpus luteum extract may bve
due to different factors (Robson and Illingworth (1931)).
according to Bourne and Burn's experiments (1928)
on the uterus of the guinea-pig, injedtions of alpha
have a sensitizing effect upon the uterus to
pituitrin (in vitro); Parkes 11930) working on the
pregnant mouse (in vivo) noted a similar sensitizing
effeet, provided repeated injectiong were given. ‘'his
is not in accordance with the findings of Robson and
11lingworth (1931 - rabbit) and Siezert (1931) guinea
pig), and it cannot be adduced that the secretion of
alpha phys a part in the normal mechanism of
parturition. It appears highly probable, however,
that the reaction of the uterus to pituitrin is held
in check throughout pregnancy by an inhibitory factor |
present in the corpus luteum. As extracts having a
similar inhibitory effect.upon the reaction of the
uterus to pituitrin were prepared from human placenta
(Robson and 1llingworth (loc. cit)itcannot be said |
that the corpus luteum pleys the sole part in this

. importent function. |
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SUIMARY.

Experiments have been performed which examine
some of the effects upon the pregnant animal of
injections of an extract of human pregnancy urine,
and of an alkaline extract of anterior pituitary,
also of the implantation of anterior pituitary tissue. |
Pregnancy was interrupted in some cases, and in others
prolonged - |
Additional data were collected régarding the ;
effects of a corpus luteum extract upon foetal

development, and of partial and entire removal of the

ovaries during pregnancy. The extract was without

£

appreciable effeect up to the 16th day of dregnancy.
|

It was confirmed that ovarian secretion is essential
to pregnancy, and that its partial removal in the
early stages may cause pregnancy to be interrupted.

A study was made of the growth of the mother and

Foetus during pregnancy, haemorrhage, and the cell

bontent of the vagina uander the influence of the
|

&arious treatments administered. S
| Factors concerned in the interruption and
prolongation of pregnancy have been examined. It is
highly improbable that an interruption of pregnancy is
due to an "oestrogenic effect". In the animals in
which pregnancy was interrupted, the ovaries were found
to/
|
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| to be full of corpora lutea; the posgsibilities of ;
an interference with an extra-ovariaan factor ccncerned

;in the pregnancy mechanism are digscussed. The

| prolongation of pregnancy appears to be due to a

| continuation of the activity of the corpus luteum and

to an inhibition thereby placed upon factors
responsible for parturition. |
Evidence in favour of the existence of Rho
 Tactors (pituitary) is examined, and it is concluded
ithat the data, so far obtained, do not warrant making
|the conclusion that there are either one or two

factors. '
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PLATES « Text

Rat 119, ovary, 15th day of
pregnancy, coutrol - X3 8%
Rat 483, ovary, 1l5th day of
pregnancy, injected corpus
luteum extraet - xb& 87 .

« Rat 815, ovary pseudopregunant

rat, injected Urine extrasct -~ xb 115.

. Rat 803/2, ovary 15th day of

pregnancy, injected Urine
extract - resorption - x5 41.

Rat 119, ovary (See Plate IA) -
x26 B ..

Rut 1812, uterus, pseudopregznant
haemorrhage, injected alkaline
pituitary - x28 126.

Rat 1812, ovary - x15 126 .

Rat 803/2, vagina (See Plate
ID) - x70 41.

Rat 803/2, . ovary (3ee Plate
ID) - x14 41.

Rat 803/2, uterus (See Plate
ID) o X9O 47 .

Rat 18le, uterus, pseudopregnant
bleeding, uninjected - x70 i 2k g

Rat C4, placenta adherent to

uterine wall; injected alkaline
pituitary; removed 26th day of

pregnancy - x70 063 .

Placenta - normsal and overgrown)
- life gize

Rat K7 - ovary removed 27th day
of pregnancy -~ injected urine
extract - x11 54 .

Rat 814/3 - ovary 15th day of
pregnancy - injected urine extract
- x14 43 .
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