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GENERAL THNTRODUCTION

This investigation is concerned with the ovarian hormonal requirements
for ova~implantation, post-implantation survival, and the spacing, of the
developing young within the uierus of the ovariectomised pregnant mouse.
fost attention is directed towards establishing the effectiveness of the
ovarian hormone progesterone in maintaining pregnancy in mice ovariectomised
before ova-implantation, Emphasis is placed on the time relationships
between the start and interruption of normal pregnancy by ovariectomy. The
establishment of continued pregnancy in ovariectomised wice with progesterone
treatment then allowed a study of the survival rates and of the spacing of
enbryos within an alifered maternal hormonal environment.

Accordingly the thesis presentation is divided into the three
sections:

I. the ovarian hormonal requirements for ova-~lmplantation;

Il. the ovarian hormonal requirements for post-implantation
survivalj

1171, the ovarian hormonal regquirements for embryonic spacing
within the uterus.

Section I includes a subsection (section I(a)) which deals with the
time of ova~implantation in intact mice and a consideration of the health
and mating behaviour of the experimental mice.

The purpose of this introduction is to provide a general framework on
which each of the outlined aspects of reproduction can be more closely

examined.



1. The hormonal Requirements for (Ova-implantation

(a} Neuroendocrine considerations

The secretion of the main ovarian hornmones, the oestrogens, cestradiol
and cestrone, and the progestagen, progesterone (Pincus, 1965z)is under
neuroendocrine control.

The ovary functions as an integral part of a complex neurcendocrine
hierarchy, the hypcothalamo~hypophyseal-gonadal axis (Everett, 196L).
Evidence for the neural control of the ovary has been reviewed by Harris
{1960), Bverett (1961, 1964} and Guillemin (1964). Neural directions to
the ovary are indirect and are initiated from the hypothalamus. Small
polypeptides, or releasing factors, capable of stimulating the release of
the hypophyseal gonadotropins, luteinizing hormone (IH) (Schally and Bowers,
1964) and of follicle stimulating hormone (FSH) {Igarashi, Nallar and
MeCann, 196%4) have been isolated from beef and rat hypothalamic extracts,
respectively. The releasing factors are probably synthesized in the
hypothalamic neurones and released by neurosecretion inte the hypophyseal
vascular portal system to reach the adenohypophysis (B. Scharrer, 1967).

Of the two gonadotropins, FSH is considered to he primarily responsible
for the phase of follicular growth (reviewed by Rowlands and Parkes, 1966)
and an accelerated release of IH is probably the stimulus responsible for
ovulation (reviewed by Bverett, 1965; Ramirez and Sawyer, 1965),

Prolactin, the principal lutectropic hormone in rats and mice
(Rothchild, 1966) is released from the adenchypophysis probably in response
to a hypothalamic stimulus evoked during mating (Everett and Quinn, 1966).
Prolactin is needed before the corpora lutea become competent to secrete
sufficient progesterone to allow implantation to occur (reviewed by
Fckstein and Zuckermen, 1956).

Although it is probable that both FSH and 1H are required for the



secretion of oestrogen from the ovaries of the immature mouse (Eshkol and
Iumenfeld, 1967) and immature rat (Lostroh and Johnson, 1966), LH alone was
sufficient for the secretion of this hormone from the luteinized ovaries of

the mature rat (Macdonald, Armsirong and Greep, 1966).

(b) Pre¢-implantation phenomena

fter successful fertilization, the egg is subjected to a period of
tubal passage during which cleavage occurs, and a peried of intra-uterine
existence during which development and growth of the blastocyst supervenes.
Vhile the rate of cleavage is independent of ovarian hormonal influence
(Brinster, 1963} the rate of tubal passage is liable to ovarian hormonal
changes. The effects of oestrogen and progesterone on tubal transport
have been reviewed by Austin (1963), Adams (1965) and Pincus (1965b). Exogenous
oestrogens can either speed, slow or stop ('tube-lock') egg transport {see
Chang and Harper, 1966) while progesterone probably acts to slow transport
during normal pregnancy. Egg transport is apparently normal in ovariectomised
rats (Alden, 19%2a) and in ovariectomised mice (Smithberg and Rumner, 1956).
The correct timing of the arrival of fthe eggs into the uterus is crucial 1T
further development is to be successful. DPremature arrival may lead o
expulsion through the vagina, while delayed entry in the rat precluded the
uterus from responding in a favourable way to the presence of the blastocyst
(Psychoyos, 1966).

After entry into the uterus the eggs are spaced throughout the length
of the uterine horns and in the mouse each comes to occupy an antimesometrial
crypt (Snell, 1956). Ova spacing in the rabbit is about even and is
thought to be an ordered event, in that the blastocysts and the uterus each
play a part (B8ving, 1956). There is some doubt as to how evenly the

blastocysts are spaced in the mouse and uterine movements have been considered

to play the major role in spacing the blastocysts (McLaren and Michie, 1959;



Wilson, 1963).

The intra-uterine requirements for ova-implantation are strict, both
with regard to the development status of the ovum and the stage of hormonal
preparation of the uterus. This is in marked contrast to the relative
ease with which mouse ova will ‘implant' in extra-uterine sites regardless
of the endocrine condition of the host (Fawcett, Wizlocki and Waldo, 1947;
Kirby, 1965a).

In the nonlactating pregnant mouse and rat, the ova and the uterus
develop in phase with one another. In these species progesterone acting
after, though synergistically with cestrogen is the normal sequence of
hormonal action during the period of free ovum existence (Courrier, 1950).
The progesterone-dominated phase is characterised by endometrial prolifera-
tion, enhanced glandular secretion of 'uterine milk' and by reduced
myometrial activity (see reviews by Mayer, 1960; and Reynolds, 1965).
Rabbit blastocysts before implantation are richk in coenzymes and vitamins
and are capable of a marked degree of metabolic selectivity (Lutwak-Mann,
1963). Ovariectomy immediately prior to implantation was associated with
obvious disturbances in the metabolic behaviour and morphological changes
in rabbit blastocysis and produced failure of implantation (Lutwak-Mann,
Mays and 4dams, 1962).

Implantation in several species (e.g. the mouse, rat and rabbit)
is associated with the proliferation anmd differentiation of the uterine
stromal connective tissue to form decidual tissue vhich ultimately
provides an implantation chamber for each ovum (see reviews by Mossman,
1937; Amorosc, 1952; and Shelesnyak and Kraicer, 1963). Deciduomata,
as decidual tissue localizations iavoked by methods or agents other than
implanting blastocysts are known, may be produced in the uteri of pregnant

or pseundopregnant mice and rats by a variety of artificial stimuli during



a limited period of the pre-implantation, or progestational stage of
pregnancy. It is during this limited pericd of uterine sensitivity that
changes associated with implantation are initiated. Both in the rat and
the mouse maximum uterine sensitiviiy to decidualizing stimuli follow the
action of both progesterone and ocestrogen (De Feo, 1963; Shelesnyak and
Kraicer, 1963; and Finn, 1965, 1966a, respectively).

The function of deciduwal tissue is obscure and has been discussed
by McLaren (1965). It mey play a nutritive role as far as the blastocyst
is concerned and a defensive role in protecting the uterus from tropho-
blastic invasion.

Oestrogenic and progestational hormones may not normally act
independently of one another. ividence for synergism and antagonism
between the two hormonal groups has been discussed by Courrier {(1950) and
Hisaw and Hisaw (1961). Bxperiments have shown that the results of the
interactions depend on both the absoclute amounts and the ratio of cestrogen
to progesterone present, the duration of the action, the target tissue and
the species under consideration.

Pincus {1965¢) has discussed the effectiveness of many steroidal
hormones and nonsteroidal compounds in interrupting the progestational
phase of early pregnancy. One of the most potent groups of antifertility
agents are the natural oestreogens. Others active in this way are the
so~called antioestrogens, pro-cestrogens, antiprogestagens and to a lesser
extent prdgestagens. Their effectivensss would appear to resvlt from
their ability to alter the delicate balance and sequence of action of the
endogenous ovarian hormones, either due to their own effects and/or to
interference with the actions of endogenous cestrogens and progsstagens.
Among these substances can be found examples that inhibit proliferation

of the endomeirium, promote alterations in the moiility of the



reproductive tract, inhibit deciduogenesis and alter the nature of tubal

and uterine secretions.

(c) Methods of investigating the hormonal requirements for
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hypothesis

The methods used are broadly divisable into two main groups:
studies concerned with normal pregnancy and its physiological variants;
and studies involving the interruption of pregnancy and the dissociation
of the blastocyst/uterus relationship.

Ovarian hormonal levels have been estimated during ncrmal pregnancy
by the largely subjective msthod of noting changes in the worphological
characteristics of the reproductive tract and comparing these with the
known changes in the response of these tissues to ocestrogens and
progesterone {reviewed by Deanesly, 1966}, Uith the advent of more
sensitive biochemical methods attempts have been made to estimate directly
the plasma levels of progestagens in the pregnant rat (Fajer and Barraclough,
1967). FPlasma oestrogen levels are low during pregnancy and Grota and
Bik-Nes (1967) were unable to detect these with any accuracy during late
pregnancy and early lactation in the rat.

Delayed implantation, during which the blastocysts remain free in the
vterine lumen for an sxtended period, occcurs naturally in some species
and in lactating pregnant mice and rats. The length of the delay is
roughly proportional tq the number of suckling young and for lactating
mice implantation is delayed about one day for each pup suckled (EBnzmann,
Saphir and Pincus, 1932; Turpeinen, 1943). Fregnant lactating mice
have been used in attempis to define the hormonal needs for blastocyst
survival and implantation (Bloch, 1958, 1959, 1965; Whitten, 1955, 1958).

Experimsntal stndies on how ovarian hormones are involved in ova-

implantation have concentrated on the uterus alone, to a lesser extent on



the egg alone and on the reciprocal relationships between the uterus and
the blastocyst. Revarsible interruption of implantation has been achieved
by removzl of or by altering the functioning of the endocrine glands that
constitute the hypothalamo-hypoprhyseal-gonacal axis.

The artificizl induction of delayed implantation in the rat has been
responsible for much of the information that has accrued concerning the
hormonal reguirements for ova-implantation in this species. This work
has been reviewed by Mayer (1963) and Psychoyos (196£). Implantation
can be delayed by manipulation of the hypothalamo-hypophyseal~gonadal axis
before the afterncon of day 3* of pregnancy so that the vterus remains in
a 'neutral' progestational state. Haintenance of this progestagen-
dominated phase can be effected by ovariectomy and the administration of
exogenous progesterone (Cochrane and Meyer, 1957; Mayer 1959; Hutting
and Meyer, 1963).

Hypophysectomy and autotransovlanteiion of the hypophysis to a site
remote from the hypothalamus (Zversit, 1956) or the administration of
tranquilizers (Psychoyos, 1963; Mayer, 1965) before day 3 of pregnancy
delays implantation and both these procedures are compatible with the
continued release of prolactin which in fturn maintains ovarian progesterone
secretion. The delayed blastocysts, free in the nterine lumen do not
imnediately die, in fact Cochrane and Meyer (1957) observed that blastocysts

were maintained in a viable state for 45 days and Mayer and co-workers

* The day on which evidence of mating is found {(e.g. a vaginal plug, or
sperm found in vagina) is defined as day O. Results of other workers

a2re adjusted to coincide with this usage.



found that rat blastocysts remained a2live in the uterus for up to seven days
in the absence of either ovarian or adrenal hormones (Mayer, 1959).
Implantation can be brought about during the period of delay by the
concurrent administration of progesterone and a small single dose of
oestrogen.

From these and other studies there has arisen the concept of a
neuroendocrine hiersrchal control of ova-implantation (see reviews by Mayer
1965; Shelesnyak and Kraicer, 1963). The hypohysis, presumably under the
influence of hypothalamic releasing factors, in particular LH - releasing
factor releases LH which in turn acts on the ovary long enough to cause an
ephemeral discharge of oestrogen late on day 3 of pregnancy. Oestrogen
acting during the progestational phase of pregnancy and in particular an
‘cestrogen surge! (proposed by Shelesnyak, 1959, 1960; see also Shelesnyak
and Kraicer, 1963) is regarded as essential for implantation in the rat and
causes the uterus to change from what Psychoyos (1966) calls the 'neutral'
to the 'receptive' state and is also assocliated with changes in form of the
blastocyst (Yasukswa and Meyer, 1966). Work by Macdonald, Armstrong and
Greep (1967) and Hayashida and Young (1965), supported the involvement of
the hypothalamus and in particular the release of IH in rats. The former
authors found that rats that were hypovhysectomised on day 1 of pregnancy
and had their pituitaries autotransplanted were subsequently able to implant
ova when given exogenous IH. V/hile Hayashida and Young inhibited implantation
by the daily injection of an antiserum to IH for 5 days, starting immediately
after breeding. Studies by Zeilmsker (1963) and Psychoyos (1963) during
which hypophysectomy and tranquilizers, respectively, were used to determine
the time limits of pituvitary involvement in implantation, showed that
inactivation of the rituitary had to be comnleted before day 3 of pregnancy

if implantation was to be delayed under conditions that sllowed continued



progesterone sec¢rstion. The earliest time after which ovariectomy did not
delay implantation, again in the advent of progesterone being available,
was about 12 hours later {Maysr, 1963). This suggests that there is a

definite time ordered sequence of action of the neurcendocrine factors
controlling ova-implantation.

Comparatively, the mouse has been subjected to fewer investigations
than the rat. However, recent work by Bindon and Tamond (1968) would
suggzest that as in the rat, pituitary involvemsnt cccurs during a definite
period of early pregnancy. Hypophysectomy before this time together with
progesterone administration prevented ova-implantation, while the same treat-
ment later on in pregnancy was compatible with implantation. The effect of
ovariectomy on implantation in the mouse is also less certain than in the
rat and will be dealt with in detail elsewhers.

Ova transfer experiments with ovariectomised recipients have heen
used to establish the hormeonal needs for subsequent implantation in the
mouse (Humphrey 1967; 3mith 1966) in the hamster (Orsini and Psychoyos,
1965) and in the rat (Dickmann, 1967).

Pseudopregnant animals have been used extensively to investigate the
role of the unterus in ova-implantation, especially with regard to the onset,
duration and hormonal control of uterine sensitivity to decidualizing
stimuli in the rats (Shelesnyak and Xraicer, 1963; Shelesnyak, 1965; De Feo,
1963; Yochim and De Peo, 1963; Tinn and Keen, 1962) and in the mouse (Finn
and Hinchliffe, 1964, 1965; TFinn, 1965, 1966a). The assumption generally
made was that the maintenance of the corpora lutea of pseudopregnancy
allowed the estsblishment of a horumonal environment simulating that of
normal pregnancy. There are however, many ways in which to induce a state
of pseudopregnancy and there is evidence to suggest that the actual

endecrine conditions prevailing in pseudopregnant rats differ according to



- 10 =

t-:_l

the methods used to induce thkis state (Banik and Ketchel, 1965; ajer

and Barraclough, 1967). Turther, the hormonal requirements for deciduomata
formation may differ sccording to the deciduslizing stimulus employed

(Finn, 1965).

The development of ova in ectopic sites has allowed emphasis to be
placed on the egg in the absence of the uterus {(Fawcett, Uislocki and
Waldo, 1947; Kirby, 19652, b, 1966)., Dickson (1966a) has studied changes
in the form of the implanting blastocyst and compered these with changes
occurring after ovariectomy in the mouse (Dickson, 1966b, c¢). Alsc
Yasukawa and Meyer (1966) have noted oestrogen-dependent chanjes in the
shape of rat blastocysts prior to implantation.

2. Fmbryonic Survival

Variations in the reproductive performance of the femzle mouse can
razsult from changes in the number of egns ovulated, the fertilization
rate, the implantation rate and in the embryonic and feoetal survival rates.
This present study is concerned with the implantation rate and post-
implantation survival until day 124 of pregnancy when the endocrine balance
has been upset by ovariectomy before implantation and attemots made to
correct this state by the administration of exogenous hormones. Imphasis
is placed on the relative raies of survival between intact and overiectomised
pregnant mice rather than on the magnitude of the prenatal losses. An

pproximate guide as to the efficiency of reproduction can be derived from

m

z comparison bstween the numbers of corpera lutea and the number of implanted
embryos. Further, of the many casuval factors able to lower the efficiency
of repreoduction only those referable to a defective maternal endocrine
balance will be considered.

(a) Ire-implantation Survival

Social influences, medizted by olfactory sensitive pheromones (literall
3 ¥ I
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tecarriers of excitationt!) influence the oestrous cycle and the luteotropic
process in the mouse (see review by Bruce and Parkes, 1965). The
pheromrones are probably produced under the influence of testosterone and
secreted in the urine of male mice (Dominiec, 1965; Bruce, 1965). The
exposure of recently mated female mice to T'strange males' especially those
from another strain,leads to failure of both pregnancy and pseudopregnancy
(the 'Bruce Bffect'). t is likely that the pheromones inhibit the
endogenous release of prolactin because the administration of this luteo-
tropin allows the female to maintain her pregnancy (Bruce and Parkes, 1960).

Progesterone administration was required before implantation occurred
in intact prepubertal mice stimulated to ovulate and mate after gonadotropin
treatment {Smithberg and Runner, 1956). It has been observed that daily
handling of pregnant mice reduced the percentage of wmice that remained
pregnant (Runner, 1959) and that inbred mice that showed vaginal plugs
often did not show implantation sites (Runner, 1960). In each case, failure
of the animals luteotroplic processes was thought to be responsible for the
pregnancy failures. Progesterone administration prevented the embryocidal
effect of handling the mice and actually allowed a higher percentage of
these animals to maintain their pregnancies than of the nonhandled controls.
Pregnencies were recorded at 18 days post coitum or by the kirth of living
young So¢ some losses may hav: been post-as well as pre-implantational.

The stresses of high tempersture and hypoxia inhibif implantation in
the intact but not in the adrenalactomised rat, suggesting that implantation
may have been prevented by adrenal hormones (Fernandez-Canc, 195¢). The
combined stresses of suckling iwo young and burning on the hindleg of
nursing rats on the day 3 of pregnancy caused a delay in imvlantation,
whereas acting individually, neither siress delayed implantation {Canivenc

and Mayer, 195%a, 1955¢). HeClure (1963) found that starvation of mice
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and rats at or about the time of implantaiion prevented pregnancy.

(b) Eostimplantation survival

idmoroso (1955) and Deanesly (1966) have reviewed literature concerned
with the role ¢f the endocrine glands during pregnancy. There is a changing
relationship between the components of the hypothalamo-hypophyseal-gonadal
axis as gestation progresses, due largely to the ability of the placenta
to secrete hormones. Available evidence suggests that perhaps the uterus
should be considered as an integral part of this axis. When acting via
a local (Bland and Donovan, 1965; iHelampy, 1966) or by way of a systemic
influence (Nelbandov, 1966; Greep, 1966), the uterus is able to influence
the 1life span of the corpora lutea and thus the availibility of progesterone.
In both the guinea pig (Bland and Domovan, 1965) and the mouse (Kirby,
1965b), it has been argued that as a result of the interaction between
the trophoblast and the decidual tissue, luteal function is stimulated.
In both these species, ectoplc pregnancies do not influence the ocestrous
cycle and Kirby (1965b) has shown that mice are able to carry extra- and
intrauterine pregnancies concurrenily. Luteotrophic substances have been
demonstrated from both mouse and rat placentae (Amoroso, 19553 Deanesly,
1966) and are probably responsible for the maintenance of pregnancy in the
mouse after hypophysectomy in the latier half of gestation {(Gardner and
Lllen, 1942), Fajer and Barraclough (1967) measured an increase in the
amount of ovarian progestagens secreted on day 13 of prasgnancy in the rat
and suggested that it may be due To the activity of placental luteotreopin.
There is indirect evidence that the rat and mouse placentae are able to
secrete oestrogens and small amounts of progestagens during pregnancy (see
Deanesly, 1966}.

Removal of the ovaries before or after implantation usually interrupts

pregnancy in the rat and the mouse. Substitutional treatment with



progesterone has been effective in maintaining viable foetuses until late
pregnancy in the mouse (Hall and Newton, 194%7; Swmithberg and Runner, 1956;
Rubenstein and Forbes, 1963; Poulscn, Sullivan and Robson, 1965), rat
(Lerner, Brennan, Yiacus, De Fhillipo and Borkman, 1962), rabbit (Pickworth,
1963) and hamster (Harper, Prostkeff and Reeve, 1966). The proportion of
implentation sites that are alive al any stage of pragnancy provide a more
sensitive indicator of the effectiveness of the hormonal therapy than is
provided by the number of mice with viable embryos. Oestrogen synergises
with progesterone to maintain pregnancy in ovariectomised animals. (Courrier,
1950; Lerner et &l., 1962, Harper ot al., 1966).

There is some evidence thait progestsrone and oestrogen treatments do
not alwvays provide adequate support to allow normzl foetal development in
ovariectomised rats (Carpent, 1962}, The time of ovariectomy, the doses of
progesterone and cestirogen used and the strain of rats were found by Carpent

to be important (see Chambon and Le Véve, 1966).

(c) Embryopathic effects sssociated with oestrogens snd prosestagens

Both gross and visceral foetal abnormalities have resulted from the
artificial creation of endocrine imbalances during gestation.

Carpent (1962} describes gross melformations probably caused by the
comprzssicn of the embrycs or foetuses due to 'uterine hypertonicity’,
foliowing ovaricctomy and administrstion of progesterone and ocestrogen to
pregnant rats. In earlier work, Selye, Collip and Thomson (1935) and Zeiner
(1o43) velieved that the uteri of ovariectomised rats contracted and that as
a resuli the foetuses were compressed. Poulson, Robson and 3ullivan (1965)
noted that a minority of the foetuses carried by mice that were overiectomised
during embryogenesis and maintained on low levels of progesterone showed
gross abnormalities.

Visceral malformations that were probably not secondary to uterine
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changes have been found in rat foetuses by Carpent and Desclin (1967).
Cardiovascular and cculsr defects were seen in the few surviving Joetuses
from rats that were hypophysectomised and given a grafted pituitary gland
early in pregnancy and then maintained with deficient hormonal substitution
treatment.

Zxogenous ocestrozens are able to terminate pregnancy and induce
modifications of the zenitalia of both male and female foetuses in mice
and rats (reviewed by Deanesly, 1966). The effective dose rate of oestrone
needed to terminate pregnancy in the rat rises considerably after implantation
(Bdgen and Shipley, 1961). High levels of progesterone administered to
pregnant mice were able to increase the prenatal mortality rate (Fowler
and Edwards, 1960) and when given either subcutaneously or by intra-

amniotic injection can cause foetal death (Petrelli and Forbes, 1964),

The position, the number and the distances apart of foetuses in the
uterine horns of the pregnant mice are reported to influence their growth
and/or mortality rates. The body weight of Ffoetuses closest to the oviducts
was found to be significantly lighter than that of its neighbour (Hashima
1956; ticLaren and Michie, 1950), Hollander and Strong (1950), investigated
the mortality ratle in relation to the number of foeiuses per cornu and
found that low and high numbers were associated with a higher mortality
rate than wvere intermediate numbers. Placental fusicn that fellowed close
embryonic spacing was associated with the reduced growth rates of the

surviving foetuses whose placentze were joined (Mclaren and Michie, 1959).
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MATERTALS AWUD METHODS

Two geparate experiments, both in time and place, viz., Bxperiments
4 and B were performed in order to investigate the ovarian hormonal
requirements for ova-implantation affer covariectomy at knowm different times
during early pregnancy.

1. Experimental Corditions

(a) Animalg

Randomly bred virgin albino female mice from the N O S (New Zealand
Cestrogen Ssusitive) inbred strain were used. Of the 400 females used for
Experiment A, 220 were supplied from two colonies kept at Massey University
and the remainder provided by Glaxc Laboratories, Palmerston North. The
17C females reguired for Bxperiment B were all from the Masgsey University
Small Animsl Research Unit (8 4 R U colony.

Females were between 50 and 89 days of age (the mean ages and body
weights with standard errors, for mice used in Experiments A and B were 66.5 *
2.5 and 63.2 + 2,1 days and 22.61 + 0.13 and 20.89 + 0.16 gm, respeciively).

Twenty four and 12 fertile meleg of the N O S strain were used for

experiments A and B, respectively.

(b)  Peeding
During both experiments a pelleted diet (Table 1) and water were

provided a2d lib.

Sl =

(c) Housing and environment
Experiment A wasz carried oul in the Veterinary Feculty Small Animal
Production Unit. HNeither the ambient air temperature ner the humidity was

controlled. The animals were exposed to natural changes in daylight over

the period from the 9th of October to the 5th of December, 1966.  Generally



THE PELLOTED DIAST FED DUYRING EXFERIMENTS A, B AND C

(MASSEY MOUSE DIET NO. 2)

Wheat meal 800 1bs
Barley meal 200 1bs
Ground ocats 30 lbs
Buttermilk powder 640 1bs
Hheatgerm meal 200 1bs
Lime 20 1bs
Salt 10 lbs
Blood meal 50 1lbs

Vitamin concentrate containing 4, B;and D mixed
with blood meal and inciuded 1n pellets fed during

experiments B and C.
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the temperature fIuctuated beﬁwegn 180 and 24? C, although extremes of 14?
and 310 G were recorded. Between weaning at aboutv 3 weeks of age and
allocation to Exveriment A, females supplied by the Small Animal Research
Unit (S & R U) vere kept in groups of 14 per cage where the cages were 28.5
cm Jong, 21.5 cm wide and 10.5 cm deep. Mice in the Glaxo colony were
raised in large crowded pens and at 56 days of age some had closed vaginal
membranes. During Bxperiment &, 6 or less mice were kept on sawdust in
standard S & R U cages {29.0 cm long, 13.0 cem wide ard 11.5 cm deep).
Bxperiment B was performed in the University S £ R U. The mouse room was
thermostatically controlled to keep the air temperaiure betiween 210 and 230 G,
ephemeral extremes of 180 and 260 G were noted. Animals were again exposed
to seasonal changes in daylight from the 27th of February to the 11th of
April 1967. Relative humidity ranged between 414 and §63.  After weaning
at about 3 weeks of age, mice were raised, 20 to 30 in cages measuring 40 cnm
long by 30 cm wide and 14 cm deep, in the same room as the experimental mice
vere kept. Apart from the use of wood shavings instead of sawdust in the

cage, the experimental mice were caged as in Experiment A.

2. Detection of Stages of ihe Oestrous Gyele

Vaginal smears were taken daily for the duration of each of the two
experiments. A smell piece of cotton wool wound over the end of fine forceps
served to transfer epithelial cells from the posterior vagina onto a glass
glide. The vaginal smear was stained with dilute methylene blue and
examined at x 100. QClassification of the different stages of the ocestrous
eycle was after Snell (1956).

The day on the morning of which a waginal plug was found wvas called day
0 of pregnancy. Some ¢ifficulty was encountered in deciding the day of
mating for mice that did not have visible plugs. These animals had smears

taken until sufficient leucocytes were seen to warrant inclusion into the
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, day O was estimated by counting back one day. Checks

on the dating ol the start of pregrnzncy showed th.t this method was sometimes

in error, usually the dated stari of pregnancy was one day late

From the vaginal smear records the time taken for each femzsle to mate

i

(the mzting delay) after being caged with a m:le was calculated.
Ovulation wss assumzd to take place at midnight and pregnhancy was
arbltarily taken as stariing at 0200 heours.

B Bxperimental designs

(a) BExperiment A

-~

The resulis of preliminary expiriments demonstrated that mice ovari-
gctomised during early pregnancy and treated with progesierone alone cculd
still implant ova. Thiz experiment was designsd to test the ef
varying whe time of ovariectomy together with the administration of diffsrent
doze rates of progestercne (Text-fig.l).

Thirteen different treasiumsnt groups each with 20 revlicates were used.
Untreated intact controls comorised one group (No. 13) and 6 different
treatments were imrosed both on mice ovsriectomissd at 17 days and at 3 days
of pregnency.

The experimental design cculd be itreated as a 2 x 6 factorial with an

additional (control) zroup or as a randomised block design with 13 trestments.

() Sxperiment B

This experiment was designed afiter Zuperiment A had been completed, and

da

was conceruned with ovariectomy and progesterone treatmsnt alone between the
times of L} and 3% days of early pregnency &s well as with the s=ffects of
selected oestrogen treatments in combin-tion with progesterone (Tewt~fig.l).

Zight tresimsnt groups, each with 13 replicetes, were used. Groups 1

(=)

and 2 were untrzated controls and the remaining 6 consisted of:



(%} Days oT pregnancy

a i 2 3
1 1
VP H ¥
| i L f ! 1} ;
| P
Time of evarioctiony
Treatoents
1 fag ) } daily £ frg ) Y daily
25 & " ) prog. ) theough o 51 % " ) prog. ) through
oz o) ) day 12 6} 2 1 ) } to day 12
5) Yehicle ) ‘10} Yehicle )
7% o furiher treatment 9} He further treatnent
11} Shan ovariectony 12} Shan ovarfectony

Treainent group numoors

Eae
o
—

Days of pregrancy

0 1 2

L)

)

1
YP 7

I I | I L

T

T
bara

~
~

Tige of overicciony T
8} breg. 2 pg/dey
+0,0025 pg 08 at day 3%

3) prog. 2 ng/day

L) prog. 2 calday

=1 ,
51 prog. 2 ngfday

f=LN

}oprog. 2 mglday

N

7} prog. 2 mgiday

+0.0025 pg 08/ day

TEXT - Fig, 1. {k)  The design of Experinent &, {2)  The design of Exerineat B.

ibbreviatiens; (03 = vestradicl banzoate; prog. = orogesterone;

VP = vaginal plug)
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(3) ovariectomy at 24 days of pregnancy

(4) H] 1 2_;_ 1 ] L]

( 5} i i 3?{. 1 " n

(6) i o3l wo o it (by radical method)

(7) 1 gk o 1 i folloved by daily injections

0.0025 pg of oestradiol benzoate (0B)
and (8) ovariectomy at 1% days of pregnancy and given a single injection
of 0.0025 pg of OB at day 3% of pregnency.

Groups 3 to & received about 2 mg of progesterone, absorbed daily from
implant pellets placed subcutanesously at the time of ovariechomy.

Ao Allocation of Mice to Treatment Groups

Female mice for both experiments were randeomly assigned to all treatment
groups at the time of joining with males. No deliberate atiempt was made
to place females with any particular male and 2 maximm of 3 cycling females
were present with each male at any one time.

Each block of mice contained one animel for each treatmenl and
additional mice (7 in Bxperiment A and 3 in Experiment B) to replace 'losses'.
The 'spare’ mice were allocated at random Lo treatments Lo replace mice removed
from the experiments because they (1) had markedly irregular ocestrous cycles
and/or failed to mate within a given time (3 days after most of its con-
temporaries had mated) (2) died during or after surgery (3) lacked functional
(bright red-coloured) corpora lutea at ovariectomy. An average of 3.8 and
1.5 'spares! per block were used in Experiments 4 and E, respéctively.

The time intervals between the setting up of blocks ranged between 3
and 6 with a mode of 3 days during Experiment 4. Three blocks were added
at successive 6 day intervals for Experiment B.

5, Svariectomy

Pentobarbitone sodiwm (Hembutal Abbott) given intraperitoneally at a



dose rate of about 1.0 mg per 10 gm body weight wes used as an anaesthetic.
ihen necessary, anaesthetic ether or ethylene chloride administered by
inhalation was used to prolong the state of anaesthesia. Operational
procedures vere performed under clean but not antiseptic conditions.

Ovariectomy was performed by the dorsal route with the visual aid of
a dissecting microscrope. The midline longtudinal skin incision was
positioned so that when it was moved laterally, the peritoneal cavity couldd
be entered immediately dorsal to either ovary. After exteriorization of
the ovary the periovarian capsule was slit oven with iris scissors and
reflected back so that the ovary could be manipulated by grasping the
ovarian stalk with fine curved forceps. The Fallopian tubes were then
separated from the stalk containing the ovarian blocd vessels and the latter
cauterized through,

Throughout the operation, care was taken to ensure thet all ovarian
tissve was removed, that the exposed surface of the ovary was 'touched' by
ingtruments as little as pessible and that the Fallopian ftubes suffered
little damage. The number of Fallopian tubes that were obviously damaged
as a result of the operation is shown in Table 11. To check on the complete-
ness of the removal of ovarian tissue by the method described above, a more
radical method of ovariectomy was used for one treatment group (No. é) during
Experiment B. For the radical operation performed at 3%‘days of pregnancy,
the ovary in its intact capsule together with the greater part of the
Fallopian tubes was removed.

The skin incision was closed with wound ¢lips, the muscle layers of the
abdominal wall were left unnsutured.

The technique for sham ovariectomy differed from that described above
 in that after exteriorization, the ovaries were moved aboui by traction con

the fat-pad and then without further interference replaced in the peritoneal
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cavity.

Operations were, with few exceptions, performed within two hours of the
times stated.
6. Hormones

For Experiment A, 4, % or 2 mg of progestercne were injected subcutan-
eously in 0.05 ml of vehicle. Crystelline progestercne (Mann Chemical Co.,
New York) was first dissolved in benzol alcohol and pesnut oil added to
contribute £5% of the total volume of the wehicle. Injections were given
daily and started on the day of ovariectomy.

During Experiment B, progesterone was administered as two 70 - 110 mg
implant pellets placed subcutanecusly, one over each scapula, at the time of
ovariectomy. The pellets were made singly, from crystalline progesterone
with a hand-vice operated plunger and dye.

The amount of progesterone absorbed by each mouse was estimated by
subtraction of the desiceator dried pellet weights after their removal at
autopsy from their initial dry weights.

Oestradiocl benzoate (Organon) at a dose rate of 0.0025 ug in 0.005 ml
of peanut oil was given subcutaneously with an 'Alga' microsyringe to
treatment groups 7 and & in Experiment B.

7. Bxperimental Parameiers

Mice were killed by cervical dislocation at 12% days of pregnancy. At
autoosy a) the mmber of mice with implantation sites and
b) the number of implantation sites per mouse were recorded (an
implantation site was defined as visible evidence of ova-
implantation).
Uteri of mice without implantabion sites were flushed with 0.9 %
saline in order to recover unimplanted blastocysts (for method see Section

I {2)). The number of mice with blastocysts and the number of blastocysts



per mouse were recorded.

In early experiments, the Fallopian tubes of nonpregnant mice were
occasionally distended with fluid. HNumbers of ovariectomised nonpregnant
mice in the present expsriments that showed this characteristic are showm

in Table 11.
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SECTION I (a)

THEZ TIME OF OVA-TIMPLANTATTION

MATERIALS AND METHODS

Bxperiment C

This experiment was performed over the period from the 19th of April
to the 10th of May 1967 (i.e., after the completion of experiments & and B).
The design was essentizlly that employed by Dickson (1966). Ova were
assumed ©o have implanved when they were no longer receverable by flushing
the uterine horns with physioclogical saline.
1. Apimals

Virgin mice aged from 49 to 82 days from the SARU N O 3 colony
were used.

Feeding, housing, mating and caging procedures were the same as
those used for Experiment B.
2. Experimental design

The stages of pregnancy were eguated with the estimated developmental
ages of ova in hours.  Pregnancy was assumed to begin, as in the earlier
experiments, at 0.200 hours on the day of the finding of a vaginal plug. To
eliminate mice with uncertain mabing histories, only those with visible
vaginal plugs were included in the experiment.

Preliminary results, when mice were killed at 86, 94, 102, 110, 118,
126 and 132 hours of pregnancy, indicated that after 118 hours of pregnancy
blastocysts were no longer recoverable by flushing the uteri. During the
main experiment, mice were randomly assigned to one of the four killing
times, viz., 94, 102, 110 or 118 hours of pregnancy.

3. Proceedures at Avtopsy




At autopsy the uterus together with the cervix was removed and the
broad ligaments and the tips of the uterine horns were cut away. The
majority of uterine horns were then divided into oviduecal and cervical
halves. One ml of physiclogical saline was injected through each complete
or each half ubterine horn with a blunted 25 gauge hypodermic needle infroduced
through the cervix or the distal end of the oviducal half. The saline was
collected in a watch glass and searched for ova at a magnification of x 18.

Ova together with a large drop of saline were drawn into a polythene
tube with a one ml syringe and transferred to a glass slide. The length
and width (diameter) of ova were measured to the nearest 5 1 with an eye
plece micrometer at x 100.

Blastocysts were classified into four groups according to the stage of
giant cell trophoblastic transformation, viz., as early blastoeysts with no
transformed cellg, those with less than half of their cells transformed,
those with more than half though less than all of Their cells transformed
and those whose trophoblast cells were completely transformed.

Variations in the shape and size of the blastocysts were noted.
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SECTION T

RESULTS

1. Body Weight Changeg

(a) Initisl body_weights
The mean values, with standard errors, for mice uged in Experiments

A and B were 22.61 + 0.13 and 20.89 + 0.16 gm respectively, at the time of

placement with males {(Table 2). Duncan's multiple range tests, incorporated

in Table 2, showed that for both experiments thers were significant belween-

block differences (tests made only at the 5% level of significance).

(b)  Fipal body_weights

The respective mean body weighls for mice in Experiments & and B at the
time of aubopsy were 25.67 and 26.37 gm as shown in Table 2. From the
gummaries of statistical tests analysing body weight changes in Table 3, it
mzy be seen that after adjustment of the treatment final weight means Y, by
the inclusion of their initial weight means as the covariate x, in an analysis
of covariance, pregnant mice were heavier than nonpregnant mice for Bxperiments
4 (PL0.00L) and B (P <0.0L). TFor both experiments, intact pregnant mice
were heavier than ovariectomised pregnant mice (P<0.001). Comparisons
between pregnant intact mice and between pregnant ovariectomised mice showed
that mice sham-ovariectomised at 3% days and those that had received 2 mg of
progesterone were heavier than those sham—ovariectomised at 1F days (P <0.01)
of pregnancy and the pooled resulits of those given.é'and + mg of progesterone
deily (P<0.01), resvectively.

The final body weights of all nonpregnant mice (includes 3 mice with
small implanbation sites in Experinment B) were 24.45 + 0.20 and 24.51 +

0.29 gm for Dxperiments A and B, respectively.
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2t the siart of Zwperiments & znd B

(51 to 72) dsys, respectively.

Significant correlatlons were found betwesn fThe initilasl

&
o
iy}
~
e
O
}_I
L

and ozes Tor the rooled data of the two experimonts (r = + O

= + 0,995, PLC.00L). This

and for the mice used in &

Dxeoerimont A& owas aonsignific-ni.

J AOg Leaila o e WICe uSed 1n expiridlents & and b
Nild disvrhoca was encountered in both euwperiments. dffected nice

pessed soft pale-coloured fasces and were less aciive. Overt scouring
was unusual and the syndrome wns obvious for from one to three days.
'Afrinacin' (May and Baker) was fed mixed with buttermilk powder
{2~k mg/gm of feed) to all mice as socon as the cundition appeared during
Bxperiment B. Medication was not used during Experiwment 4, in the course
of which however, only one affected mouse lost weight. Case histories
showed that the course of prepnsncy in affecied mice was apparently unimpaired.
Bactericlogical cultures were uninformative and although the clinical signs
vwere similar, it is not certain that the syndrome was the same for bhoth
experiments.

Of the 260 and 120 mice selected for Experiments A and B, 3 and &

animsls, respectively, died, were losit, or were deleted from the ireatment

groups and not replaced.

2. The Incidence of Vaginal Plugs

Two hundred and eight out of 260 (804) and 93 out of 120 (77.5%) mice

showed visible vaginal plugs in Bxperiments & and B, respectively, (Table &),

w/u;  sulphadiezine

A
[O8S

*  Sulvhapyridine 26.5% w/w; sulrhamerazine 26,

£t . . . ~
26455 w/w and streptomyein 4.2% w/w.
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THEL LBSORFTICON OF PROGESTSRONE FROM

DURTHG =iPERTHMINT B

1. Amount of progesterone absorbed from all pellets.®

{Data available for 82 of 90 mice that received two 70-110 mg implant

pellets)
mean weight progesterone used per mouse = 19,88 + L.7% mg
9.9% + 0,27 ng

"

i " " lost per pellet
2. The duration of the absorpition period according to the time of
ovariectomy and the mean amounts of progestercne used.
1eCa, 9 gt 10 102 11 {(days)
20,27 18.26 20,09 19.68 20,96 (mg)

Summary of analysis of variance

af Mean squares Variance ratio
Treatitents I 14285 <4
Residual 76 21,947

3. ibsorvtion from 65 pellets used a second time.
Initial use 2.99 mg ger pellet
Second 11025 1 " ft
(t 0.05, 64 4df, H3)

4, ibsorption from pregnant mice
%7 pregnant mice 19.69 mg mean welght
211 mice 19,88 & om "
(v 0,05, 26 and 81 d4f, HS)

5e ibsorpticen in pregnent mice that received oestrogen

11 mice that received ocestrogen + progesterone = 19,94 mg mean weigh

13 " i " progesterone alone = 20,11 LU
(t 0.05, 10 =and 12 &f, IS

6. Absorption from pellets with & flakey or crumbly surface

131

a) 20 pelleis with flakey or crumbly surfaces 12,33 mg mean wi
1h4 n ! normel surfaces 9,61 m w0

(t = 2,77, 19 and 143 4&f, P<0.05)

b) 19 mice with crumbly or flakey pellets 23.37 mg mean vt

63 n Y normel pellets 18.63 n o

(t = 3.99, 18 and €2 4f, P2 0.001)

* Pellets were weighed to the nearest 0.1 nmg.

3]
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1. The Mumber of Mice with Imolantation Sites at Autonsy

Implantation sites (1sites!) ranged in size from barely psrcastable
localizations of decidual tissue, or 'moles', up to large gsites with live
foetuses. Humbers of mice with implantation sites are given in Table 7,

and a summary of statistical tests mazde, in Table 8.

Of the 59 and 60 mice ovariectomised at 14 and 3% days of pregnancy
that recelved exogenous progesterone, 2 and A7 respecitively, had implantation
sites at autopsy.

Thirteen (out of 20), 17 (20) and 17 {20) mice had implantation sites

=

after receiving 4, 3 and 2 mg of progesterone per day, respectively, after
ovariectomy at 33 days of pregnancy. Sixbeen (20), 15 (19) and 16 (20)
mice had implantation sites after sham-ovariectomy at 1y and 3% days of
pregnancy and for the control group, respectively. There were no
significant differences in the numbers of mice that implanted ova for these
§ix groups.

Mice that received vehicle or no treatment after ovariectomy, at either
of the two times, did nov implant ova.

Of vhe mice ovariectomised at 2%, 2%, 3% and 3% days of pregnancy,

1 (14), 2 (15), 11 (14) and 13 (14) respectively, had evidence of ova-
implantation at autopsy.

Mice that were given 0.0025 ug of oestradiol daily after ovarisctomy
at 3% days and those that were given a single injection of 0.0025 ug of
estradiol on 3y days after ovariectomy at 17 days of pregpancy, had 14 (14)
and O (14) animals, respectively, with implantation sites.

Twenty nine of the 30 intact control mice implanted ova.

With mice ovariectomised st 1y days excluded, Chi Sguare tesis showed
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AECE UITH DPLANTATION S1T40 FROM EXPERIMRNTS & & D) SUMMARY OF STATISTICAL TESTS

Fanerinent | Experiment [
3 ' - - - e » PR s oy
(. The punber of pice with innlaptaiien sites (Chi Scuarc iesis)
Trentnont arouns considered L5, 6, 1, 17 and 13 1, 2,5, 6 e ?
? 2
Yow 275 (5 df) P s S o= 600 (4 df) & =13
By inonoction aronps 1 end 2 bad fewer mice with siiss than Popparisen:  oroup & (11 with and 3 without siles) vs aroup 6
1 T sl N FE N LT R SRS |
the arouns consideraed. {13 with and 1 o thout sites)
By Fisner's exact nothed P = 0,09755
By dnspeetion grouns 3 and 4 had Fower nise with sites than groups
considerad,

7 Tt aver ot tati iTos » ; se {F lysas or vorie 1eats psd The /% 4’““} A An o et T vhiore ¥ « the e ot ol tasl
2. The nunier o7 ioplantatien sites nver mouse {inalyses ov varience tests using the /X + 1 tranofermation, where X« the number of sites)
SOUrs df VYariznce Aatin g source ff Yarization Ratio B
Treatnon’s 14 1.607 H3 Traatnents il 8.76 £ 800
Blocus h 0.90% 5 Plocks A 1.00 M

Moeidual 95 Residual 50

Conparicons
(i} Ovarx pregaant (27497 ws  intact controls (3.119) IS

.. . P T .
(i1 Ovary 30 days (2.032)  ws wvarx 3% days (3.100) < 0.00

—_—

8y inspection mice overiactenised on day 2 had Tewer siies thmn

m 3.

lhose cvarieclomized on



that g higher proportion of the intact control had implantation sites than
did the overiectomised mice (Fisher's exact test P = .00001737). OUvariectouy
at day 2 resulted in fewer mice with implantation sites than did this
operation on day 3 (P K0.00L). The propertions of mice that responded by
implantetion after ovariectomy at 3%, 3% deys of preznancy or after no
treatment (the intact combrols) were not significantly different.

2. The Fumber of Imolantation Sites ver Mouge

The mezn number of implantation sites for mice in each treatment group
anéd a summery of siatistical tests mede are given in Taebles 7 and &,
respectively.

Experiment 4

The mean number of implantation sites for ths intact conirol, those
sham ovaricctomised at 1 and 3% days and mice ovariectomised a2t 3% days
of pregnancy and given &, 4 and 2 mg of progesterone daily were 9.68,

3.56, 10.87, 8.38, 8.41 and 7.47 respectively. Afser transformation of
the individuel mouse totals to Jx + 1 values, analyses of variance showed
no significant treatment, or block differences, for the numbers of
implantation sites in these groups.

Zxperiment B

Mice ovariectomised on day 2 of pregnancy uwere judged by inspection
(Table 7) to have fewer implantation sites than other groups with pregnant
mice.

Data from treatment groups 1, 2, 5, 6 and 7 were transformed and
analysed as for Experiment A, The mean numbers of implantation sites for
mice overiectomised at 3% days, viz., 4.73 was smaller than the mean value
of 9.30 obtained for mice ovariectomised at 3% days of pregmancy and given
progesterone alone (P« 0.001). The means for intact control mice and

those ovariectomised on day 3%, 9.24 and 9.52, respectively, were not



=

-

given in Tables 9 and 10,

at tne time of ovarischomy

Sxperiment 4
Blastocysts were found in 20 of the 91 uterd flushad. The vrovortion
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TALLE 0

BEASTOCYSTS DECOWERED F?OH’B&RREH?* ARJECTOMISET MNE AnapEn BYOTRINTHTS A AT %
Exnorimont Tynepinent 1

fyarx durinn nrosnaney ats- 17 days A% days O S
Tragteenis Lne tmr 2ang Con Vb Tee  Yma 2en G Meh.
Sraun mmbars i ? 4 7 = 4 g S 2 [ 3 A 5 14
Yo, rteri Tloshed 17 i 1o 17 70 T 3 3 N 18 13 13 L ?
Ho, uteri wilh hlastecysis z 3 5 A I 3 1 0 g Q ki 5 i 1%
Tatal aunier of hlasiocyots

Flyshed 5 11 13 i a 6 12 n 3 27 (AL d ?
Mean no. Tor nnnge L.66 3,66 aan 0 3.3 133 2.Co £00 o0 RS0 00 5.0 kg 400 2.

These miee wore pragaani, having vree blastecyats in one wlerine horn and dmplant

Group Mos 5 and 6 usre excluded From eeiculaiions,

+  fgarrent i the sense ihod dhey dig ned have Teplantation siwes.



SLASTROYSTS ARCOVERED FiROH 1BARREMN*S

SHMMARY OF

1. The orapopiion of mice with blasincysts.
Zpnarinent b {comnarisons aith 2 ¥ 7 contingensy tables) Cxporizont B {fotal Ohi Scuare for freatrent arcuns
x? 4f P 3,4 ang )
a
(i} Al mice:- DNay of cvariectony {15 vs 3%} LA i <405 ' = 3,70 {2 dF} e i
Hith procesterons V5 withont nragesterons 1,908 1 HS
f1i) Pay of ovariectory with rrozesterone siatos
srog. 14 daye Vs a0 oroo. 1h days 0.0362 i i
a3k Vs " ozl 0,765 1 S
{§i5} Potween progesternse trezted oroups
prrog. 1% days Ve rrog. 3% davs 0,195 i NS
Jpa vonmoon vs i 40 3 H,33 ¢
fJ N ’1| na " " 1l ve 2 o i1 il 1 i n.92 %
lapg b 3L vs rmg " 3% M 0,500 i
(2 + %) mo t ieoow ve Z2pg " % ¥ 0,329 1 S
{iv] Betueen groups given no treatment (0} and/or vehicle (v}
(0 +Y) 12 days ve (0 + V) 3 days 0.000263 i HI
y v vs 0 14 ® 0,238 1 1S
b 350 vg g 3 v 0.01¢ i NG
2. The nurber of blastocysts recoversd rer mauag,
. o 19,700 (7 ) P < 0,001
Varizance fatio P ieans
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n.514 s iy k7 # I :
ﬂ-56,0 ”S it E) ‘I 'G 1 Il i
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Sixteen of the 282 and 12 of the 88 uterine horns were damaged in
Experiments A and B, respectively. More Fallopian tubes were damaged
during ovariectomy at 1F than at % days of pregnancy during Experiment 4

(P = 0.00652).

(b) Fluig digtended Fallopian tubes

Twenty two and 6 fluid distended tubes were observed at autopsy during
Experiments 4 and B, respectively. Usually only the ampullae was dilated
with a clear fluid, the proximal whorl of the isthmus being cceasionally
distended.

During Experiment &, 2 and during B, 4 Fallopian tubes were found to

be both damaged and fluid distended.
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SECTION I {a)

RESULTS

1. The Time of Ova-implaptation in Intact Mice

The mean numbers of ova flushed from the uteri of mice killed at 94,
102, 11C or 118 hours of pregnancy were 8.1, 7.0, 6.8 and 2.2, respectively
(Table 12).

The variance ratio for these means was significant and by the use of
orthogonal polynomials highly significant linear and significant quadratic
components were found (Table 12). Polynomial coefficients to the second
degree were used to construct the curve shown in Text - fig. 2.

2. The Form of Ova recovered

The number, form and size recovered blastocysts are given in Table 12.

(a) Abnormal 'blastocysts!

During the experiment,K 22 unclassified objects were counted (see PL. V.
figs. 2 and 3; Pl. VII, figs. 1, 2, 3 and 4). Nine blastocysts were not

further classified.

(b} Nontrapsformed_blagtocysis

The majeority of blastocysts recovered from mice killed at 94 hours
showed no signs of transformation (Fl. III, fig. 2). However, these
propertions were reversed for those collected at 102 hours of pregnancy.
Fifty five of the 101 blastocysts recovered at these two earlier times were

gtill in their zonae pellucidae (Pi. I, figs. 1 and 2) and 10 mice had zona-

clad and zona-free blastoecysts in their uberi.

(¢) Transformed blastocysts

Twenty seven blastocysts that were equal to or less than ¥ trans-

formed (%% T), (PL. IV, fig. 1), and 35 blastocysts that were more than %
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of ova flushed

nos.
N
I

YV actual

Mean

O predicted

2 —

o<l

i I : 1 )
94 102 110 118

Hours of pregnancy

TEXT-FIG2.The time of implantation, The actual means &
standard errors) obtained from raw data,refer
to the no of ova flushed per\uterus; Predicted
means were derived from the regression equation
(§—§)=b1éu+ b:€s; where b:=-0-8954 and b, =
0-8049
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but less than fully transformed (< T) (Pl. IV, fig. 2), were recovered from
mice pregnant 94, 102, and 110 hours. Mice pregnant 118 hours had 17
fully transformed blastocysts (T) (PL. III, fig. 3), and 6 egg cylinders

(EC) recovered from their uteri (PL. III, fig. 4).

(d) Ihe size of the recovered ova
Blastocysts aged 118 and 110 hours were sach in turn significantly
longer than the pooled values of younger blastocysis (P <0.,00L) and 102

hour blastocysts were longer than 94 hour blastocysts (P <0.01, Table 13).

(e) Fupther_observation on the form_of blastogysts
(i) General shape
There was considerable variation in the shape of blasto-
cysts recovered from different mice at the same stage of pregnancy and even
among those recovered from the same mice. Untransformed blastocysits vere
usually spheroidal shaped (P1l. III, fig. 2). While incompletely transformed
blastocysts were often irregular in form, dented and partially flattened

representatives were common. Transformed blastocysts were more consistently

elongate in shape (P1. III, fig. 3).

(ii) Size variation
Untransformed blastocysts, with or without their zonae
vellucidae frequently varied markedly in size {P1. I, figs. 1, 2, 3 ard AR
Smaller blastocysts that looked contracted in form were found together with

non~contracled blastocysts in the same mice.

(iii) Variations in the form of the abembryonic hemisphere
Giant cell ‘Yransformation of the trophoblasi begins at

the abembryonic pole (Dickson, 1963) (P1.I, fig. 6; Pi. IV, fig. 1).



ATYRAIS AT T TOADATAF MY /R A AT AT AT OETT ATUOTY O WiTLL e a1
SUMRARTIES OF ANALYSES CF VASIANCES CALSULATID FROM HUM2IES OF OVa

RECOVIRID AT G4, 102, 110 A4KD 118 HOURS OF PRUGHRANCY

a) The number of ova collected

Linear 1 32,43 < 0.0L
suadratic 1 572 < 0.05

Cubic 1 2.91 H5

1=
O
et
03
=
-
Al

b) The size of ova

(i) ZLength

Ove age 3 90,45 < 0,001%
Total %5
{ii) width
Cva agsz %
Total 39 1.77 NS

* Comparisons

o

1. 118 hrs (168.0 p) wvs (94+102+11C) hrs (131.6 n) P (0.001

2. 116 " (151.3 m) (gb+102) o (122,.8 p) P {0.00L

T

3. 102 " (131,56 p) i L3 " (119.9 p) P {0C.CL



Bight cone-shaped blastocysts (2 and 6 from mice 102 and 110 hours pregnant,

respectively) with the giant cells at the abembryonle pole organized so
that they formed a point were recovered (Fl. V, fig. 1). Two blastocysts
with discrete peg like projections from the abembryonie pole were observed
(P1. I, fig. 5; Pi. II, fig. 1). Transformed and to a lesser extent
incompletely transformed blastocystis often showed debris adhering to the
lateral margins of the zbembryonic hemisphere (Pl. I, fig. 2). These
changes occurred independently of or together with protruding cellular

processes thav extended out from the surface of the abembryonic pole.
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DISCUSSION

la The Body VWeight Changes and the Mating Behaviour

Yihile discussing experiments in the rat concerned with an evaluation
of the critical time for ovariectomy after which progesterone administration
would support implantation at the expected time, Mayer (1963) emphasized
that Yone should operate on animals of a well standardized colony as far as
weight, food, temperature and light were concerned and see that the cperations
were carried out at a definitive time of the day'. Judged by these criteris,
the conditicns in neither experiment were ideal. DNo attempt waz mzade to
regulate the light-dark regimen and during experiment 4 the temperature
fluctuated widely and mice from three different colonies were used. When
it is 2lso ceonsidered that the time of the start of pregnancy is subject
to variation (see page 11) there is sufficient reason to check on the
physical conditions and the mating behaviour of the mice used.

There were however, no significance between treatment differences
present in either experiment For the initial body weights, the mating delay
or the incidence of vaginal plugs. These findings then indicate that with
regard to these parameters no sampling or other bias was introduced into the
experinents.

Mice in all treatment groups in both experiments gained weight during
the experiment periods. Pregnant mice in both experiments were heavier than
nonpresrant mice. The additional weight of pregnant mice is due both to
extra~- and intrauterine changes. The increase accountable to extra-uterine
components may exceed that contributed by the foetuses and placentae (see
Deanesly, 1966) and Dewar (1957) found that progesterone administered to
pregnant mice ovariectomised snd hysterectomised between days 14 and 16 of

pregnancy maintained the extra-uterine welght increase. The degree of



protection against weight loss and subsequent loss occurring after treatment
were each proportional te the guantity of progesterone siven {(over the
range 0.5 to %.0 mg per dayl. Further 0,5 to 0.7 mg of progesterone daily
given to nonpregnant or nonpregnant ovariectomised mice starting at the time
of ovariectomy caused increases in body weight. The difference between the
adjusted mean weights of pregnant and nonpregnant mice in Experiment 4
(2,70 gm) was greater than in Experiment B (1.66 gm). This may then, in
part be due te the fact that all ovariectomised nonpregnant mice in the
latter experiment were given progesierone vhereas four of the seven ovariec-
tomised nonpregnant treatment groups during Experiment A were not given this
hermone. The dose-dependent weight-stimulating effect of progestercne
together with the higher number of live fosiuses carried by mice given 2 mg
could explain why this group was heavier than the pocled resuits of those
given % and % mg of progesterone daily, after ovariectomy at 3% day of
pregnancy during Sxperiment B,
Intact pregnant mice were heavier than ovariesctomised pregnant mice
in both experiments. This difference reflects uterine (the length of the
uterine horns) and intrauterine (the number and size of implantation sites)
differences as these parameters were greater in the intact mice (Table 22).
A finding more difficulit to explain is why mice sham-ovariectomised
at 1% days were lighter than those sham operated at 3% days of pregnancy.
There were nc differences between tle two groups in the numbers of ilmplantation
sites or the number of live foetuses at autopsy. Howesver, both the uterine
and intranterine contributicns were less for the mice sham-ovariectomised
at 1% days. Their uierine horns were shorter and the size of their implant-
ation sites smaller {Table 22). Delayed implantation after sham ov:rieciomy
at l% days was possibly responsible for these effects, as the foetuses from

mice shem operated at l% days had developmental ages and body weights



lower than those recovered from mice sham overiectomised at 3} days of

vregnancy (Tables 29 and 32).
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Between block differences sllowed investigestion of some factors that
infiuvenced the vaginel wliug incidencs during Sxperiment A. Plugesing
incidence wss variable and lower for Glaxo bred mice thzn those from the

University colonies (Table 4}. Thiz difference is thought to be duz o

the relative sexual immzturity of the Glaxo bred mice, somz of which had

-
\n
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closed vaginsl membranes at days of age.
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Other tesis indicated thot within mice from the University colonies,

e}
e

mice over 60 days of age

ad a nigher incidence of vaginal plugs than those

below. This finding is comnlemented by the negetive correlation (r = -0.579,
P 0.05) betveen the age of all mice used and the mating delsy. The not

result bring that there is the suggestion that more older mice mmted, and

they did so more quickily thon the younger mice. However, ofher sge seporsil

snovwed ne corrslations W the vaginzl plug incldencs and thers

[ T P . NPT o - R I
HoLInNG QR Znd Hge 10T mige uSsl 1in

mxporiment 2.
2, The Methods of administering Progesterone

wereg considered to provide a more steady release of tlie hormone than wes

+
=

provided by daily subcutansous injections of progesterone in peanut o
There is 2 rapld disapvesrance of progesterone from oil after it hos been
injected intraperitoneslly (Forbes, 195%9) or subcutaneously (Cohen, 1059)
in mice, In general the vellets were well tolerated, only two of the 164

ol

rellets recovered were the foci of abcesses.

The Start of Pregnancy

S\l
.

=

Lewis and 'jright (1$35), Snell, Fekete, Humnel ond Iaw (1940}, 3nell,

4

Hummel and “belmann (L94Y%) and Dickson (1967) found thsat the majority of



mice mzted between threes and seven hours after the onset of darkness
(usually between 2200 and 0100 hours) and that & minority of the mice mate
after 0100 hours,

Ovulation in the mouse is spontaneous 2nd the release of the eggs
is probably sbout synchronous and som:times not (Lewis and Jright, 1935)
and occurs for the majority of mice within two to three hours after
mzting (Snell et al, 1940). The time of fertilization as determined by
the emission of the second polar body, occcurred within about two hours of
copulation in the study by Lewis and Uright. The lack of precision regard-
ing these estimates makes the dating of the start of pregnancy at 0200
hours approximate only.

4. The Time of Ova-implantation

Text~fig.2 shows that relatively few blastocysts were obtained by
flushing the uteri at 118 hours of pregnency. There was a progressive
decline in the numbers of blastocysts recovered up to 118 hours which is
represented by the signiiicant linear component, and the superimposed
accelerated decline between 110 and 118 hours accounted for the significant
gquadratic component in the eguaiion for the recovery curve (Table 13).

The form of the recovered blastocysts or egg cylinders prevides an
indication of the stage of implantation achieved, Lgg cylinders recovered
at 118 hours with 'caps' of uterine tissue adhering to the abembryonic
poles (Pl. II, fig. %; PL. III, fig. &) together with the low recovery
rate would sugpest that some blastocysts attached well before this stage
of pregnancy. The adherence of debris to the abewmbryonic hemisphere
of some blastocysts at 102 and to more at 110 hours of pregnancy probably
indicotes.-that these blasfocysts.were fixed to the uterus at these times,
Though, as blastocysts were recovered at 118 hours that did not show

ragzed peripheries or adherent debris, it is likely that not all attached
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blastocysts showed visibhle evidence of early attachment. Znders and
Schlafke (1967) were able to recover some blasteocysts from rats that

showed no damzge at a time when other blastocysts were attached to the
uterine epithelium of the implantation chambers by membrane to membrane
zdherence. The early stages of implantation in the rat and in the mouse
(Potts, 1966) involve a series of changes which progress to a more intimate
apposition between the blasteocyst and the uterine epithelium. This means
that blastocysts could be dislodged by flushing some time after primary
attachment and certainly before the time at which they first assume a

fixed position in relation to the uterus.

t is not known how the blastocyst first informs the uterus of its
presence., An early change on the part of the uterus is the local increasse
in capillary permeability denoted by a leakage of intravenously injected
Pontamine Sky Blue, 2 high molecular weight dye,lin the region of the
uterus surrounding the blastocyst. This change was {irst observed in the
rat by Pyschoyos (1960) and has since been recorded in the hamster (Orsini,
1963) =nd in the mouse (Mclaren, 1966). These workers found that the
coloured regions indicate the conceptual area prior to deciduslization, and
in the rat, FEnders and Schlafke (1967) found that the Pontamine Blue
reaction was first seen at the time when the ocedematous uterus was thought
to 'clasp'! apnd immobilize the blastocyst.

In 2 study of the temporal relaticnships of carly changes in the
uterus and blastocyst in the '3 strain of mice, Finn and Mclaren (1967)
found that the Pontamine Blue reaction wasz usually only positive for blastos
cysts that had lost their zonae pellucidae and was present in some mice as
early as 93 hours post coitum (this corresponds to 92 hours of pregnancy
in the present study but because of the inherent inaccuracy in dating the

start ol pregnancy, ne correction will be made for this or any other



post coital time estimate) and consistently present at 295 hours p.c.
These workers observed that the Pontamine Blue reaction preceded the

appearance of localized uterins stromal oedema by 2 or more hours which

in

suggests that some blastocysts may be stationary within the uterus before
oedematous changes occur. They zalso noted a c¢lose temporal relationship
between the giant cell trophoblastic transformation (Dickson, 1963, 1966a)
and the emergence of Yilson's (1963) '‘primery invasive cells' from the
vlastocyst. "Hlson (1963) observed that the so-called invesive cells
extended from the tropheoblastic cells into the then intact uterine =pithelial
cells at about 100 hours p.c. Finn and Mclaren observed the emergence of
these cells after the Pontamine Blue reaction and before that of the stromal
oedema i.e., at about 9% hours p.c.

As previously described by Dickson (1963, 1966a) trophoblastic giant
cell transfeormation began at and extended Trom the abembryonic pole eventunally
to involve all the trophoblast cells excepting those positioned above the
inner cell mass (Pl. I, fig. 63 Pl. IV, fig. 2 and Pl. III, fig. 3).
Fourteen of the 89 blastocysts recovered at 9% hours, L& of the 76 at 102
hours-and 811 of the 74 at 110 hours showed signs of trophoblastie trans-
formation and all the blastocysts recovered at 118 hours of pregnancy
were completely transformed (Table 12). The time progress of giant cell
transformation closely parallels that observed by Dickson (19662} in Swiss
Viebster albino mice for which over 50 per cent of the blastocysis were
completely transformed at about 108 hours p.c. If it is assumed that the
onset of giant cell transiormation coincides with the emergence of the
‘primary invesive cells! and therefore with attachment of the blastocyst
the uterus it can be seen (Table 12) that the stage of pregnancy at which
these changes take place are for some blastocysts equivalent that observed

by Finn and McLaren. However, there was masrked ssynchronism in the
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progress of giant cell transformation in the present study. Dickson (1963,
1966a, 1967) has also commented on this asynchronism in blastocyst
development for mice with the same mating histories from the T.T., Swiss
Webster and CHY7BL strains of mice, respectively. ZRlastocysts from

CO7BL mice appeared tc tske several hours longer than those from SBwiss
Webster mice to reach a given stage of transformation and for the Swiss
ebster strain at lesst, some of the retarded blastocysts were possibly
dus to late copulation (Dickson, 1957). Further there is often asynchrony
in rate of blastocyst development in any one mouse (Dickson, 1966a;

Finn and McLaren, 1967} or rat (Kraicer, 1967) and during the present
study mice were found with nontransformed and blastocysts less than one
half transformed together in their uteri.

The corollary of this asynchronism betwzen and within mice of any
one strain is that the time of Implantation is probzsbly variable both for
blastocysts from different mice and from the same Jitfter. There is other
evidence from the present work and from the literature that does not depend
on the morphology of the blastocysts to suggest that in any one mouse
implantation is often asynchronous. Two mice, ovariectomised zt 3% and
31 days of pregnency during Experiment B and administered progesterone had
implantation sites in one horn only and 2 frees blastocyst present in the
other uterine horn (see Table 9). These are sxamples of what Zeilmoker
(1963%) called ‘'incompleie implantation'. This author described this
phenomenon in rats ovariectomised or hypophysectomised at the respective
stages of early pregnancy after which the blastocysts would noi implant in
the absence of hormones from these two endocrine glands. Incomplete or
asynchronous implantation is possibly a consequence of the curtailument
of maternal support sc¢ ithat retarded blastocysts are denied systemic hormonal

influences, by becoming receptive to these too late (see page 66). Further



(R

while examining foztuses recovered after autopsy, & number were found that
were retarded in development and smallier than others in the same uterine
horn (see Gruneberg, 1943), An extreme example of such variation is shown
on Plate X1 figure 2, where a foetus of about 11 days was situated
between two aged about 13 days. It is thought unlikely that local uterine
influences would work to retard the development of some embryos after
synchronous implantation (see page 99, Section II) and in view of the above
described variation in blastocyst morphology and the occurrence of incomplete
implantation it is concluded that blastocysts from the zame litter often
implant asynchronously.
In the present study then, working on the asswapiion that attachment
of the blastocyst coincides with the commencement of giant cell transformsiion,
some blastocysts were attached at 94 hours, over 50 per cent were attached
at 102 hours and all blastocysts had attached to the uterus at 110 hours of
pregnancy. Yhile no precise estimate can be made as To the extent to which
blastocystis in one mouse are retarded with respect to the most advanced
blastocysis in other mice, there iz at least 8 hours difference, as blasto-
cysts with and without their zonae pellucidae, were recovered from the same
mice both at 94 and 102 hours of pregnancy. Between mouse differences of
about 17 hours were recorded by Dickson (1966a) with regard to the time
period over which the loss of the zona pellucida was first seen to occur.
Presumably the blastocysts assumed a fixed position, and by definition
began to implant, & few hours before they attéched to the uterus. Thus the
estimated time of implantation for most blastocysts was early on the day &
of pregnancy. This time is in appgroximate agreement with those reported
by Amoroso (1952}, Snell (1956), Wilson (1963), Dickson (1966a) and Finn
and dMclaren (1967). Closer agreement is unlikely because of 1) the various

definitions adopted concerning the start of implantation 2) the uncertainty
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as to the time of fertilization 3) differences betwesn strains of mice
L} Qdifferences in the prevailing environmental conditions, especially
the light-dark regimens (see Bindon and Lamond, 1967) and 5) due to the
inherent within and between mouse variation with regard to the time of
blastocyst implantstion.

S. The Form of the Blastocysts

(a) Size

The size of the blastocysis depended on their aze and there was a
vrogressive increase in length and in degree of gilant cell transformation
with advancing pregnancy. These changes are similar {o those observed by
Dickson (1966a). The volume would have provided a more accurate measure
of the size of the blastocysts, however, because of the variable shape of
recovered ova it was impracticable to calculate this parameter. The
length is considered to be a valid estimaie of the size as there was no
change in the width with advancing developmental age snd in such cases any
increasss in length would underestimate the corresponding changes in volume.

Dickson (1966a) took issue with the prevalent statement in the
literature {(see reviews by Austin, 1961l; Blandau, 1961) that the size of
the blastocyst at the time of implantation was the same as that of the
tubal ova and produced evidence to show that blastocysts were almost
twice as long at implantation. However, he defined implantation as
beginning when uterine swelling was visible at the attachment of the
mesometrium to the uterus at about 108 hours poest coitum. The first
measurable uterine swelling seen in the present work was at 110 hours and
these were not regularly seen until 118 hours of pregnancy. Because the
beginning of implantation was defined differently and was estimated to
ccecur bpefore 102 hours it is not kuown if the blastocysts were at this

stage longer than tubal ova, t is probable that they were, as ova at 102
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hours were longer (P« 0.0l) than at 94 hours and it is reasonable to assume
thzt there was a steady increase in size betvieen these two {imes.

4 number of what appeared to be 'contracted' blastocysts, =sither
within or that had recently lost their zonae pellucidae, were recovered
together with the more typical spheroidal forms from the same mouse at 94
and less often at 102 hours of pregnancy (P1. I, figs. 3 and &). Contracted
blastocysts had a smaller blastocoele than usual and both the length and
width of these forms were reduced. But for their small size blastocysis
with contracted trophoblasitic cells resembled partially transformed blasteo-
cysts. One nontransformed blastocyst, with one of its siaort diameters
markedly reduced, expanded in order to assume an ellipsoid shape. There
are two probable explanations for the existence of contracted blastocysts
viz., that they are artefacts produced by in vitro conditions and secondly
that they were contracied prior to their recovery. Dealing with the firsc
alternative, it is known (from personal observations and see Borghese and
Cassini, 1963) that blastocysts maintained in a number of in vitro culture
mediums underge permanent shrinkage after a certain time, perhaps in the
present case, aided by the hypertonicity produced by evaporation from the
saline drop. Howevery the smaller blastocysts in question wers observed
bafore shrinkage would norially have been expected. Also the more obvious
case for rupture or other damage being inflicted during flushing is an
unlikely explanation in that this would not be expected to affect blasto-
cyscs svill within their zonae pellucidae.

Rather the second alternative offered is preflerred, viz., that the
blastocysts were contracted 1ln utero. 3Borghese and Cassini (1963) and
Cole and Paul (1965) cbserved that zona encased mouse blastocysts maintained

vitro displayed a 'rhythmic segquence of contractien and expansiecn'.

Ii_.l.

Cole and Paul noted that these cycles continued after the blastocysts had



)

lost their zonae either by mechanical or natursl means. Presumably the
nature of thess contractions was different from that eof the aforementioned
shrinkage in that they were reversible. These workers alsoc observed that
the period of expansion was always of a longer duration than the contraction
phase which mey be as short as 15 seccnds. This could explain why
sphercidal shaped nontransformed blastocysts are much more commonly seen

in flushings, as they spend relatively more time in an expanded then in

a contracted form.

(b) Abnormal blastocysts

Twenty seven abnormal blastocysts (Table 12) or 9.75 per cent of all
the ova recovered were abnormal. While it is convenient to refer to thase
cbjects as abnormal blastocysts, it is by no means certain that they all
were derived from hlastocysts. Lewis and ¥right (1935) divided abnormal
mouse eggs they found into three classes viz., 1)} those that were abnormal
at the time of ovulation 2) unfertilized eggs that ultimately degenerated
and 3) eggs that were injured by pethological cenditions of the genital
tract.

Considering the last class first, all the abnormal ova were found
associsted with normal ova from the same mice. And as reasoned by Huber
(1915), this makes it likely that the ova themselves were abnormsl, for
if the genital tract was diseased it would be expected that the mejority
of the ova in each litter would be abnormal, Degenerate eggs within their
zonae pellucidae were rarely encountered, one veing recovered during
Experiment 4 snd one during Zxperiment 3. These iwo eggs had finely-
frapgmented cytoplasm. HNine blastocysts with obscure cellular detaill were
observed and it 1s probable that the majority of these represented degeneratze
ova that had lost their zonae pellucidae. Huber (1915) found a smsll

number of rat ova in which death and degeneration occurred at the end of
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segmentation stages.

However, the majority of abnormal ova, or 18 unclassified objects,
remain to be explained. Because the blastocysts were not seen until they
had reached the uterus, it is not poszible to know at whai stage their
form deviated from normal. This is relevant as it is probable that most
of these objectis were ova that had developed in a bizzare way, for example,
none had zonae pellucidae., It is also possible that some were objects that
resembled unusual blastocysts. With few exceptions the unclassified
objects were smaller than normal blastocysis, in fact small size (€80 u
long and £ 40 w wide) was one criterion of abnormality. The reasons for
the existence of any of the forms are not known, though on morphological
grounds explanzations mey have included pieces of ova, an alfernative
suggested by the suall size of the unclassified objects. For example,
the 'blastocyst' shown in Plate V, figure 2, perhaps the most normal looking
of the unidentified objects, appzars about to lose the knob of cells situated
at what probably is the abembryonic pole and should this have occurred
with other blastocysts it may explain the occurrence of some of the forms
shown (Pl. VII, figs. 1, 2 and 3). Another way in which the size of the
blastocysts can be reduced is by the loss or separation of blastomeres
during cleavage. It is known that the experimental removal of the zonae
pellucida mechanically or with ‘pronase' from mouse ova cultivated
An vitre allows blastomeres at the two and four cell stage, to separate
after which they sometimes give rise to miniature blastocysts (Mulnard,
1965; and Gwatkin, 1963, respectively).

It is perhaps important that the majority of unclassified objects
were recovered slong with normal blastocysts both within their zonse
pellucidae and those that had recently lost this membrane. This suggested

that the premeture loss of the zonae pellucidse may have been associated



with, 1T not the couse of, the appearance cof most of these abnormal forms.
Unusual forms developing from sepsrated blasfomeres would be more frequently
encountered than miniature blastocysts {Gwatkin, 1963%; Mulnard, 1965).
There is, nowever, no gunarantee that some of these unclassified objects
may not have developed into viable blastocysts. Though due to their small
size znd the fact that a number of these forms zre composed of numerous
cells (Pi. V, fig. 3 and PL. VII, fig. %) which indicates that the mitosis
was continuing although normal cavitation leading to blastula formation
was not, suggests that the chance of these forms developing normally was
remote. For example, the 'blastocyst! shown on Plate VII, figure 2, was
flushed on day 127 from a mouse ovariectomised at, and given no further
treatment from day 3% of pregnancy during Experiment A. By its appearance
it would seem to be a possible derivative of the forms shown in Flate VII,
figures 1 and 3 and it certainly was different from the more normal looking
blastocysts collected on day 127 (PL. IV, fig. 3 and Pl. VI, fig. 3).

Cavitation is apvarently abnormal for the unclassified objects.
Multiple cavitation as shown in an apoarently normal egg (P1. III, fig. 1)
is probably common, the cavities soon bhscoming confluent and enlarging
(Mintz, 1969). The difference between this and cavitation in the 'objectst
is firstly, cevitation is normally completed while the ova are still within
their zonae pellucidze and none of the ojbects was enclosed in this membrane,
and secondly that the bhigh incidence of ‘objects' with cavities suggests
that this process was prolonged or incomplete. Vhile cavities are not
snorm in the ‘objzcts' with large numbers of cells (Pl. V, fig. 3, Pl. VI,
fig, 4) forms of this type were seen with small cavities.

Should the early loss of the zonae be a correct explanation it wculd
alse represent anothoer casual factor centributing te embryonic loss.

Another explanstion for the existence of some of the 'objects' is



infiicted during rooovery. However, 1

blastocysts should have been relatively comuon, and indetween forus

showing renis or Lears should have bean saen. supbured blastecrysis wers
only occeasionzlly encountsered, znc then only afisr implenteticon, and in such
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The last exvlanation offered is that they were not derived from
gernm cells at all snd represented uterine itissue, secretions or debris.
An example of this nature is shown (PL. VI, fig. 2) which is probably composed
of secretion droplets adhsring to uterine debris. This is not considered
to represent an unclassifisd object. 41lso when the uteri of nonpregnant
uteri were forcibly flushed to provide control informaiion, material
identifizd as unterine epithelium did not resemble the objects in question,

in that the strips of this tissue removed did not fold on themselves to give

the solid appearance of the 'objects! in guestion.
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at 1} days lessened the chances of recovering blastocysts. aActing alone
this amount of cestrogen was probably too smzall to cause expulsion of ova
(see page 64 ), though when acting synergistically with progesterone it may
have lessensd a blastocyst's chance of survival, 3Surgical interference
at 17 days then did lower the chences of blastocyst recovery vhen compared
vith any effects it may have had at day 3 of vregnancy.

The recovery rate of blastocystis from covariectomised mice was low.
Only 29.5 per cent of the 'barren' ovariectomised mice from both Experiments
A and B had recoverable blastocyszts at autopsy. OFf which 21, 24.5 and 50 per
cent were recovered after ovariectomy on day 1, 2 and 3, respectively, of
pregnancy. The progressively higher percentage of mice with blastocysts
when ovariectomy was performed later on in pregnancy provides support for
the contention that this operaiion, whilst the ova are in the Fellopian
tubes, especizlly aiter only one day, limits their chances of reaching the
uterus. However, the variation in the recovery rate is probably not suificient
in itself to explain the variable implantation rates, especially when only
50 per cent of mice ovariectowmised at day 3% had recoverable blastocysts.
Gensrally the overall recovery rate was lower than that recorded by Smithberg
and Rumner (1960) who recovered blastocysts from 5% per cent of mice betuween
11 and 15 days of pregnancy. Theirs, however, were intact prepubertal
mice stimulzated to mate and ovulste with gonadotropin treatment. Such mice
did not implant ova vecause thelr corpora lutes failed to differentiate
fully. After ovariectomy on days O, L or 2 of pregnancy, 33 per cent of
similarly prepared mice had flushable ova when autcpsied between days 30
to 46 post coitum.

The oceurrence of fluid distended Fallopian tubes warranits consideration
as a possible contributing factor to the low blastocyst recovery rate.

However, as only 7.6 and 6.8 per cent of the uterine horns from nonpregnant



mice in Experiments 4 and B, respectively, had distended ftubes any contribuiion
from this cause would be small., Fluid distension of the pericvarizn sac,
noted in & few intact mice at the Time of ovariectomy may be related to the
present condition.  Alden (1942b) found a =zmall aperture in the sac that

opened into the peritoneal cavity to be present in both rats and mice. This
aperture was considered fo allow fluid movement from the sac into the
peritoneal cavity.

The fluid distension of the thin walled ampulla, and less often also
that of the proximal whorl of the isthmus, was probably due to the closure
of the anterior portion of the ampulla caused by operational damage.

Both uterine horns were flushed before ove were searched for in the
saline, so data are not available to confirm the presence of blastocysts
in norns with distended ftubes.

Despite the apparent similarity between the distension of the
periovarian sacs and that of the Fallopian tubes it is not at all certain
that the fluid pressure built up in to tubes at the time of ova iransport.
Alzo, when Alden (1942b) ertificially caused fluld distension of the peri-
ovarian sacs by closure of the aperture leading to the peritonesl cavity,

a procedure that presumebly increased the fluld pressure within the tubes,

iz unlikely

ot

some ova were still able to reach the uterus in the rat. So i
that the fluid-distended Fallopian tubes adversely affected the recovery

rate of blastocysts in the experiments reported here.

B

Presurably the majority of blastocysts from 'brrren' ovariectomised
mice in the present work, were either not seen or disintegrated before
autopsy. t is unlikely that they were expelled tThrough the vagina in the
absence of ovarian or exogenous ocestrogens. Originslly it was thought that
recovered blastocysis showed signs of degeneration, however, in view of the

wide veriation in form of 'normal® blastocysts recovered From intact mice,
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it is improbzbkls that even if some blasiccysts were in the esrly stages of

degeneration that this would be avparent Irom theilr outvard sppearance.
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the azbsence of exogenous progesterone. The hormonal needs Tor ova-
implantation have been raviewed by Deznesly (1966) snd ithare is general

the possible exception of the guinea pig and the
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armadillo, progesterone is required at the time of implantation.

The quantitative requirements of progesterone were apparently met
with the lowest dose used. Differences betwsen the proportion of mice
implanting ova and between the number of implantation sites per mouse for
the different levels of progesterone (i.e., %, = and 2 mg daily) used were
not significant.

Although the assumption was made that implantation was complete
with a + mg of progesterone daily, this is difficult to confirm. However,
the size of the dead implantation sites at autopsy for mice that received
+ mg were not different from those that were given % mg of progesterone
(Table 16). That is, implantation proceeded to the same degree in both
these groups. Smithberg and Runner (1956) found that 100 per cent of
ovariectomised gonadotropin stimulated prepubertal mice in their work
implanted ova when given % mg of progesterone per day. Moreover, it is
thought likely that incomplete implantation would have led to the resorption
and disappearance of the sites by day 124 of pregnancy in the current
experiments.

The threshold requirements of daily progesterone for implantation in
the ovariectomised rat (Chambon, 1949b) and hamster (Orsini and Meyer, 1962)
were about % and i mg, respectively. Oestrogen was not given in either of

these experiments.

3. The Influence of Ovarian Hormones on the Critical Time for Ovariectomy

The critical time for ovariectomy cannot be adequately explained in
terms of the physical effects of the operation itself. There are reasons to
believe that it may owe its existence to the sequential release of ovarian
normones during the pre-implantation stage of pregnancy.

The importance of the third day in the present study agrees with work

by Yoshinaga and Adams (1966). These workers ovariectomised mice on each
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of the first five days of pregnancy and immediaﬁely instituted daily
progesterone treatment. Cvariectomy on days O, 1 z2nd 2 usually inhibited
implantation whereas this operation on deys 3 and 4 of pregnancy was compatible
with implzntation at the expected time. TI{ was notable though, that ovari-
sctony on days O and 1 allowed about 1/3 of the mice to implant ova which
is a highzr proportion then the two out of 49 that implanted ova after
ovarieciomy at 1% days (IExperiment 4) in the present study. #lso implante-
tion was delayed in these two mice (histological sections showed that the
smaller than expected sites at autopsy contained live embryos) and one
mouse nad questicnable ovarian remnsnts. Smith (1966) and Dickson
(unpublished, Dickson and fraujo, 1966) ovariectomised mice on days 1 and 2,
and 3 of pregnancy, respectively, and administered dally progesterone treat-
ment from the day of the operation. Smith scored no implantation sites on
day 9, while Dickson found that 2.5 ng of progesterons on day 3, allowed
mice to implant ova. These results agree with s critical time falling on
day 3 and those of Bindon and Lamond (1968) add further support.
Hypophysectomy at various timesduring early pregnancy of mice given
adequate progeaterene, showed that the role of fhe pituitary gland in initiat-
ing implantation was completed by about L am on day 3 (or sbout 76 hours) of
pregnancy. The remeval of the pituitary glaend after, but not before this
time, permitied most mice to implant ova when raissd under a light regimen
of 12 hours of light and 12 hours of darkness. These results are similar
to those obtained by Zeilmaker (1963) for the rat, where pituitary involvement
wos completed by about 89 nours of pregnancy. The daily lighting schedule
used by Zeilmaker was 14:10 hours of light: dark but his probably does not
account for the differencesin timing between the two species. Comparisons
between the times of the appearance of the first pesitive Pontamine Blue

reaction in the rat (¥nders and Schlafke, 1987) and in the mouse (Finn and
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s that implantaticn in the nouse cccurs beiween 12

ci

Mclaren, 1967) suggzes
and 18 hours earlier than it does in the rat. The important point is
that in the same study Zeilmaker found thai ovarian invoivement in implanta-
tion, as determined by ovariectomy and progesterone itreatment was comoleted
within about 97 hours of pregnancy or about 8 hours after the termination
of pituitary involvement.

In the present study, the role of the ovary (apart from the supply of
progestins) was completed by day 33 {or 8% hours) of pregnancy. If these
results are combined with those of Bindon and Lamond%, then as found by

da

Zeilmaker in the rat, the time intesrval between the completion of pitultary
and ovarian involvement is also about & hours. The errors introduced by
comparisons of this sort are likely to be considerable, however, of importance
is the possibility that the vituitary-ovarian seguence of action in the
mouse parallels that existing for the rat. It is then possible that the
critical time for ovariectomy in the mouse can beexplained in terms of the
ovarian hormone, oestrogen. That is, ocestrogsn released during the morning
of the day 3% of presgnancy is essentizl for implantation and the oestrogen
release is completed by or not needed for implantztion after day 3%. This
presupposes that oestrogen plays a predominant role in implantation. The
strongest evidence against a critical time, and with this interpretation of
an oestrogen release on day 35, was obtained by Smithberg and Runner (1956)
where ovariectomy on day 1 allowed 100 per cent of mice to implant ova when
sufiicient progesterone was made available.

ther workers however, favour the view that as in the rat, csstrozen
is essential for implantation and that it is needed afier day 3 of preghnancy.
Supporting evidence is available from work on 1) the hormonal control of
the endeometrial sensitivity to the induction of nontraumatic deciduometa

(Fina, 1965, 196Ga) 2) the implantation after a period of delay



(*hitten, 1955, 1958; Bloch, 1958, 1959; Smithberg and Runmner, 1960;
Yoshinaga and fdams, 1966) and  3) wholly experimental conditions, which
are hers defined as existing when neither the ova nor the ovarian hormones
are produced by the foster mother implanting the blastocysts (Smith, 1966;
Homphrey, 1967).

There are thrsae main hormonal stages in the zensitization of the urerus
to the decidual cell reaction of implantation in the rat (see Harcus and
Shelesynalk, 1967). Cestrogen secrstions from the ovary at the time of
cestrus and ovulation constitute the ‘priming phase', this is followed by a
period of progesterone dominance or the progestational phase and this is
interrupted by a brief relessz {'surge') of oestrogen acting on the hack-
ground on continuous progesterone secretion. Finn (1966a) confirmed the
exisience of these three phases in th: ovarisclomised mouse by the use of
intrauterine arachis oil as the decidualizing stimulus. Both priming
and 'surge' oesirogen were reguired for decidualization when acting with
an optimal dose level of progestercne given for a definife time pericd.

Zyidence supports the theory that the delay in implanteation assoclated
with lactation in the pregpant mouse znd rat is primarily due to 2 delficiency
of cestrogen secretion at this time.

The pitvitary gonadotropin output in both species is decrezased by
suckling and in the mouse whitten (1955, 1958) observed that lactation
was associsted with decrease In uterine weight and low activity of the ovarian
interstitial {issue and notably that the delay to implantation could be
prematurely terminated by the administration of serum gonadetropin. Uhile in
the vregnant nursing rat ‘eichert (19L0) showed that the anterior pituitery

ntly Minaguchi

wn

extract '‘etultrin 3' accelersted implantation znd more rec
and Meites (1967) found that suekling caused a decrease both in the

hypothalamic content of LH -~ RF and in the pituitary councentration of LH.




Lowered ovarian osstrogen secretion iz a probable consequence of lowered
gonadctropin output.

The administration of oezstirogen to the lazctating rat by subcutansous
injection (Vieichert, 1942) or as a =mall locel injection so as to supply 2
restricted area of the uterine horn (Yoshinaga, 1361) accelerated implanta-
tion in both horns and in the restricted area of the horn subjected to
cestrogen influence, respectively. Systemic cestrogen treaiment in the nursing
mouse hastened implontztion {(Morel, cited Courrier, 1950; Uhitten, 1955,
1958) and was necessary before imglantation would occur after ovariectomy
during the delay to implantation {Bloch, 1958, 1959). Thess resvlts strongly
irdigate that the lowered output of gonadotropins is accompanied by a short
supply of ovarian ocestrojen during lactation,

Oestrogen has also been shown to he effective in causing the implanta-
tion of nlasfocysts that had remained free in the uisrus for five days after
ovariectomy end prozesterone treatment in the nonlactating mouse (Yosninages
and fAdams, 1966). is in lactating mice (Whitten, 1955, 1958) a single dose
oi ocestrogen was all thai was needed to induce the implantsation of diapausing
tlastocysts.

Experiments where neithser the ova nor the ovarian hormones are supplied
by the mice induced to implant blastocysts might have been expected to
provide narrower limits for the qualitetive hormonal requirements for

implantation. The resultis however, are somevhat contradictory. Altiough

Smith (1966) believed thai oestrogsen was definitely required for ove-
implantaiion in the wouse, her results do not always appesr to support this
conclusion. Ova were cultivated frow the two-cell to the blastocyst siage
in vitro and then transferred tc ovariectomised foster mothers given deily
progestzrone treatment. Cesztrogen wss administsred subcutaneously to the

mothers or the ova were cultured in a medium containing ossiradicl, Vhile



oestrogen treatment was beneficial, it was not essential for imglantation.
The proporiion of mice that implanted ova, transferred one or two weeks
after ovariectomy or five to six days after ovariectomy and adresnalesctomy,
was not significently altered by the systemic cestrogen treatment. Only when
ova were transferred two days affer ovariectomy did both methods of
oestrogen administration allow implantation in significantly more mice than
in those given nrogesterone aleone.
The results ohtained by Humphrey (1967) however, showed that when ova
taken from donor mice on day 4% of pregnancy) were tranasferred to foster
mothers ovariectomised 14 to 17 days previously that had received cestrogsn
priming and then daily progesterone, implantation only cccurred when a further
single dose of oestrogen waz given durlng the pzriod of progesterone treatment.
Smith's results then showed th=t ocestrogen may affect the blastocyst
directly by enhancing its ability to iluplant in & progesterone dominated
uterus. VYasukawa and Meyer (1966) correlated shape chenges of unimplanted
blastocysts in the ovariecitomlsed-progesterone treated rat with the administra-
tion of cestrogen. These changes in shape preceded implantation of the
delayed blastocysis but may not have revresented a direct effect of oestrogen
on the ova. Smith argued in her =ztudies, that the total amount of
vestradiecl introduced intc the ufesrus by the ten transferred blostocysts
{about 2.0 to 2.5 x 10 -8 pg) was too amall an amount to meke it likely that
the cestrogen'ts effect on the blastocyst was secondary to an effect on the
uterus., Humphrey (1967) interpreted his resulis to mean that ocesirogen was
regquired before the sndometriuvm would respond favourably to the presence of
the blastocyst. Finn (1966a) had previously shown the oil-induced deciduomata
required 'surge'! as well as yriming cestrogen, so it appears that Smith and
Humphrey have emvhasized different aspescis of the action of osstrogen.

However, Humphrey transferred four day old blastocysls to recipient mice
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Tho wain presise on which the rele of ozstrogen in ova-imzlantation

rezides in that this event can be induced mores or liss 2% will in sice znd

rats tion of & Single dose
of oestrogen. Lt iz prebsble that this 'surge' dose of vestrogen both
sensivizes the utarus znd activates the blaztocyst. A relevant guesiion at
this moment i1s why did the single injection ol 0.0025 npg of cestradiol on

8ay 31, £l to induce iwplantation followins ovarizctomy at, and trogesterone

treatment frow day 1. of pragnancy. Desvite the low blastocysi rescovery
rate at autopsy it is unlikely that there were no blastocysts within the
uterus 2t the time of the injection.
Theoretically th= dose of cestrogen w2y have acted as an antifertility
agent (2.g. caused exvulsion of the blastocysts from the utzrus or inhibited
the deciduel reaction) or it may have had nc =ffect at all. 45 indicoted by

their strain name NO5 {Hew Zezland Cestrogen Sensitive), the mice used are

E=ty

characveristically cestrogen sensitive. and faking as a measure o
oestrogen responss that of a comparable increase: in mamsary gland arsa

in ovarilsctomissd immature wice, animsls from the MO8 strein were aboutb

(From the results of Fluw, 1954, 1957; three times as seunsitive to

cestrone g Iomice.

Hotwithstending arny additional sensitivity

unlilkely thst C.0025 ug of oestradiocl acted

Freliminary work sioved that cestrogen ner se,
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vould not bring about the expulsion of or otherwise lessen the changes of
blastocyst survival. Apparently 'nermal! blastocysts were recovered aftey
five {two mice) znd eight days (one mouse) of oestradiol treatment (0.0025 pg
per mouse per day) which started immediately after ovariectomy at day 3% of
pregnancy. There 1s the possibility that in the itreatment group of interest
that the ocestrogen may have acted synergistically with progesterone, Though
this cannot be discounted the results of 3tone and Zmmens (1964) =nd Tinn
(1966a) allow snother interpretztion. Stone and Zmmens found that a single
dose of about 0.02 pg of ocestradiol given at 72 hours of pseudopregnancy, a
most sensitive period to the antifertility afiect of cestrogens, was required
before trauma induced deciduoma were inhibited. Further about 0.5 pg of
cestradiol was required to inhibit pregnency in the intact animal at this
time. In ovariectomised cesirogen-primed progesierons treated mice Finn
found that & dose of 0.0525 pg of oestradiol inhibited nontraumatic deciduoma
formation. oven allowing for three times the present dose of 0.0025 or
0.0075 pg it is unlikely that this amount would inhibit the decidual resction
and 1t suggested that the dose had no effect =2t zll.

Smith (1966) found that the minimum effective dose (l4D) of oestradiocl
when given on day b to mice ovariectomised on, and given daily vrogesterone
treatment from day 2 of pregnaency, was 00,0291 pg {(with five per cent fiducial
limits of 0.0176 and 0.050% pg). Single doses of 0.02k and 0.05 pg of
oestradiol were successful in initiating implanistion in crogesterone tresated
ovariectomised mice in the studies of Humphrey (1967) and Yoshinaga and
tdams (1966), respectively. Smith's work in the mouse znd that of Tsychoyos
(1961) in the rat have demonstrated that implentation is not an 'all or none!
phenomenon, so it is probable that the dose used was velow the optimal range.

with regard to ths timing of the cestradiol surge dose of 0.0025 ug in

the present study, there is close agreemsnt with the resuliz of Finn (1965)
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who fFound that overiectomy of pseudoprepnant mice on day 2 (3~4 pm), but
not a2t the same time on day 3, prevented the apgearance of the decidual
cell reaction after the intrauterine injection of ¢il on day 3 (3.30 - L, 30 pin) .
It could be predicted on the basis of the present work that if implantation
had begen the chosen parameter, parsllel resulis would have ensued and of
special interest waz the observation that a single injection of 0.25 ug of
oestradiol ? heours before the decidusl stimulus permitited & posiiive
response aiter ovariectomy on day 2. TFinn tried the injection of ocestrogen
at other times, viz., imredistely after ovariectomy on day 2 or just bvefore

he intrauterine oil injection, however at these times the deciduval cell

o

reaction that resulted was coor. If it is assumed that the start of pseudo-
pregonancy in Finn's study was at the same {ime as the start of pregnency in

the present work then the timing of his successful dose of ocestradiocl was

b
o+

given about 1 hour after thati piven during Zxperiment B.
Incomplete implantaiion has been and still is explainable in terms
cf the asynchronous developmient of the bvlastocysts from any one litier wheare
J 2 ¥ ¥
the advanced members would be able to respond to the ozstrogen relessed Irom
the ovaries before their removal, while incompletely developed blastocysts
would be unable to take advantage of the curtailed cestrogen release. Tt
& 2

is not nzcessarily implied that the ocestrogen has to act directly upon the

blastocysts as Smith (1966) suggested; activation secondarily to that of the

]

zrus is not excluded. The number of ova ilmplanted by mice ovariectomised

ok

u
at day 3+ was less then for mice ovariecicmised at day 3% and since the
propertion of mice with implantation sites was not different for these two
groups it is likely that ov:riectomy at the easrlier time produced incomplete
implantation. This lag of the number of imglantation sitss behind the

sroportion of mice with sites was also obtained by 3mith (1966) where lower

doses of cestradiol than the HID were used to induce implantation in



ovariectomised progesterone~treated mice. The conclusicn reached is that
ovariectomy on day 3 before the completion of the nonprogesterone ovarian
role in implantation is eguivalent to asttempting to induce implantation with
a suboptimal dose of oesirogzn. The corclliary is that the release of
cestrogen from the ovary during normal pregnsncy would have to last for a
time at least egqual to the period spanned by the most snd least advanced
blastocyst in the litter. How long the releasze would last in any one mouse
is larzely a matter for conjecture though continuval cestropen as well as
progesterone treavment arfter ovariectomy at day 3% 2llowved & ccnsiderably
higher proporticn of imwlantation sites to survive than did treatment with
nrogesterone alone {see page 94, Section II).

Alternative sxplanations to the surge hypothesis have been offsred to
explain the role of cestrogen in ova-implentation. Smith (1966) uroposed a
gradual bulld up in the =zmount of cestrogen secrsted from ovaries during
the pre-implantation period such that critical levels for decidualization
were reached late on day 3 or on day &4 of pregnancy. She also suggested
that the blastocysts became sensitive to the direct infiuence of oestrogen
early on day 4. These suggesticns do not satisfactorily explain the present

results, as ths ovaries were zbsent after day 3%, and 1t is uniikely that

¥

the ossirogen levels would continue to rise after their removal. Also if
implantation is devendent on oestrogen directly effecting the blastocyst
then this Gction would have to occur hefore day 3% of mregnsncy.
Oestrogen sppears to have a delayed effect both on the wlastocysis and
on the uterus. Yasukewz and Heyer (1965) obssrved that blastocysts changed
from a spheroidal to an elliptical shape in the normsl intact rat at about 108
hours after fertilizetion (assumed to take place at O40C hours) and noted

that unimplanted blastocysis in the uteri of ovariectomised progesterone

treated rats showed the equivalent change in sheape 12 hours afier the

ol
=

imulianeonus administration of vestrone with progesterone. It was at least



another 18 hours before trophoblsstic invasion of the -endomeirium bsgen in
both intact and ovariectomised rats, that is, the time interval betweszn the
administration of the 'surge' cvestrogen to this esrly stage of implantation
was in the oraer of 30 hours. Although strictly comperable results are

not available for the mouse, the present work and that of Finn (1965) indicate

that an oestrozen rclezsze orobably occurred at about 82 hours of pragnancy

and it was not until after 104 hours that mice regularly showed the first

ecidualization (Finn end Helaren, 1967), which would

o

histeleogical signs of
precede trophovlastic dinvasion if the successzion of events during implantation
is the same as in the rat (Inders and Zlchlafke, 1967). This means that

there was a delay of about 20 hours between the ovarian resleass of ocesiro;en

I%i could be argued that in visw of the ocestrogen-sensitive mice used

in the current work, that ova implanted in ovariectomised wprogesterone-
trezted mice because residual cestrogen remeined in or was made available to
the uterus and/or ova after ovariectomy snd that a surze of ocesirosen wa. not
necessary. 1t would then Tollow that mice ovariectomised on day 3 weuld be
mors likely to implant ova than those ovarisctomized sarlier on in pragnancy

a5 rasidual levels would De higher prior to and at

1

1,

12 time of implantation

et

on day . The ecritical time would then be explainable as that time after

wnich ovariectomy allewed adequate residusl levels for implantaticn. The

buky

assumvtion inherent in this argument is that a threshold level of residual

oestrogen is reguired after the critical time of day 3% of

nl
]

regnancy, perhaps

as suggested by Smith (1966} at the time of implantation. Less ocstrogen

ot

senstive mice would be expect:zd to have the critical time for ovariectomy
moved closer to the time of imglantation.

Thzt oesirogen docs remain in the body ti:sues is supported by the work

of Tekshaski (1961) who found thoi ov.riectomised and adrenalectomised
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rabbits continued to release cszstrogen in their urine and that cestrogen
extracted from ssveral tissues showsad decrezses of only between 15 to 35
par cent of free, but not conjugaizd or protein bound cestrogsns, when
measursments were made before and 12 days after ovariectomy alone.

“ork in the mouse sugzests that residuzl cestrogens would e effective for

=1y

a shorter time after oviriectomy but the svidence is incomplete., Parkes

snd Deanesly (1966) have reviewed the effects of ovariectomy on the reproduc-
vive orsans in rats and mice. They cite vork by Brambell and Parkes

(1527} that showed that the immediate eflects of ovariectomy in the nonpregnant
mouse depended on the day of The cesirous cycle on which fhe operstion was
performed. Cvariectomy iwmmediately before ocestrus did not inhibit subsequent
cestrus changes in the uterus and vagina. Gdork by Stone, Baggebt and
Donnelly (1963) and Stone (1963), during which tritisted ocestradiol and
oestrone were administered to ovariectcmised mice, by iniravenous and
subcutanecus routes, respectively, showed that athough the utsrus and the
vagina incorporated higher levels than did nonreproductive tissues (with the
loss of oestrozgenic sctivity

was nigher especially for the largest dose rate of 0.1 ug. There were still

aprreciable, and quantitatively similar, levels in the uterus 16 hours after

o
-
[}
=

intravenous administration of 0.0L, 0.33 and 0.1 pz of cestradiocl. The

HED of 0.0291 ug for plantation

o

middle dose of 0.0% pz is close to the
found by Smith (1966) and with this amount, the uterine levels of oestrogen

p.

remained irly constant until betwesn four and eight hours after administira~-
tion when they fell by about 1/3 and after 16 hours they were about 1/4 of

their highest level. If implantation were to vegin some 20 hours after

-~

day %4 or on the beginning of day %, then sven if the mice used were more
sensitive than those used by Jtone 2t al., the oestrogen levels are likely

t0o have begen below an opiimal range required for a full implantation response.
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Certainly *he levels after ovariectomy on day 3 would not heve been theought
high enough to ailow the same proportion of mice to implant as after
ovaericctony = day later, as doses of oestrogen below optimnd in the mouse
{(Smith, 195%) cnd in the rcat {Psychoyos, 1961) sre as_ociated with reductions
in ths proportion of animals with implantation sites.

Trem this information it is uniilely thai residuel cestrogen levels
weuld remain high enough for implantation. Other evidence however, dees not
fully support this assertion. Should the criticsl cestrogen levels for
implantation coincide with 2 stage of pregnancy aiter the criiical fime of

day 3w, then if the delay for the action of o was constant

implantation ir overiectomisad-progesterone~treaied mice would be Jelayed.
Judged by their external davelopmentel characterdistics aad body welghts =t
avtopsy (Tables 29 and 32), foatuses from mice ovariectomised at, and given
prozesterone from 3% days during sxperiment & were about 1 day younger than
foetuses carried by intact control mice. Overiesciomy and progesterone
substituiion therapy did =not delay implantation dwring sxperiment B. The
urther by the finding that sham ovariectomy at l,,
but not at day 3% also delayed implantation (by less than 2 day) during

Baperimznt A, Hice in the treatment groups that showed delayed imglantation

either had delsyed or nondelayed litters. This suggests that delayed

implentetion was an 'all or none' effect influencing the mother snd not

F

the result of asynchronous blastocyst development. or implentaiion to

1iave been delayed in both ovariectomised and intact mice it seems unlikely
that residual levels of oesztrogen activating the blastocyst and/or uterus
after day 3z in the progesterone treated ovarisctomised wis the cause of
the delay. The rejection of this explan~tion means that the concept of an

Lad

optimal amount of ocestrogen required for implantation can more readily be

retained., Rather it is suggested that the time interval beiween the reliease
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or cestrogen recuired for implantation and the stert of imulantation was
nprolonged.

These
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ezullts nay be explained by the presence of stressful stimuli
peculiar o sham ovariectomy at 1% days and present only during Zxperiment A.
ALl ovariectomisad mice during the course of this esuperiment were handled
dailly to check their identification and the aspropriate groups given
injections. This mezns that mice sham ovaricciomised at 13 days were
handled two days earlier than thossz that undsrwent this operation at 32 days.

Vhersas durding suxperiment B ovariectomised prozesterone trezted mice were

zlven progestercne in the form of implant pellets and vere not handled
deily. Horeover, envirconmental condiiions were more favourable during
Experiment B and mice with diarrhoea were given medicntion which was not the
case during the {irst experiment.

The conclusion then is that although implantziicn was delayed in some
mice in dxperiment 4, the possible intervention of stressful stimull suggests

thet the performance of ithe strain of mice used may b» belter gauged from the

results of Zxperiment B. The similar time relationships between ovariectomy

£

and deciduomata formation (Finn, 1965) and imnlant.tion (Yoshinage and idams,

1966) to the resulis of the pressnt study make it probable that ithe role of
cestrogen in implanitation is basically the sams in ocestrogen sensitive as
in other mice.

Implantation hes occurred in a sinority of cases in both rats and mice
under conditions where it is 4iflicult to envisage that it was preceded by 2
discretely timed, optimzl cestrogen relezse. Generally though, the preveailing

normonal conditvions for these cases was di cult o define and ova that

did implant did so in & less predictzble manner than when implantation was

=

induced by a singles doses o7 oestrogen acting on & nrozesterone dominated

baclground.



During early vwork rats ovarisclomisad pefore the now recegrized time
of the oestrogen surge and given dailly progesterone implanted ove =t the
normal time (Chambon, 1989z, b; Canivenc, ILaffargue and Mayer, 1956).
Mayer (1963) atiributed the occurrence of the so-called coses of 'spontaneous'
implantation, in part to incomplete ovariectomy and found that its incldence

could be reduced by esnsuring the complete removal of the ovaries and The use
of chemically pure uprogsstsrone. 7ith these results in mind, it was decided
to decreasze the likelihood of incomplete ovariectomy by removing the cvaries
without opening the pariovarian sacs in ons treatment group (¥o. 6, sxperiment B}
instead of shelling the ovaries Ifrom thelr sacs as wa: done for other groups.
The more radical operation allowed & full impl-antation response, indicating
that comglete ovariectomy was of little conseguence for imulantrtion.

Cvarian remnants were found by inspsction at =7.50 in one of ths itwo
mice that implanied ova after ovariectomy 2t day 1#. Implantation in both
these mice and in two of the mice with implantation sites following
cvariectomy on day 2 was delayed some four to five days. Ovarian remnants were
not seen in these or in a third mouse thati had one imolant=ztion site, that

o

was only wwo days younger than expected at avtopsy, afiter ovariectomy on

day 2 of pregnancy. The inconziztent delay periocd to implantation, and the

small nuwber of sites in mice ovariectomised on day 2 {one in sach mouse)

ay 1}, together with

h

comparad with five and seven for mice overiectomised on
the failure to find ovsrian remnanis in 211 mice and the smzll numbers of

animals involved, makes it difficult to draw any conclusions. HNevertheless,
the failure of the majority of mice to implant ova after ovariectomy on days

1l end ¢ and the delayed implantatien in those thnt did, agein suggssts that
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incomplzte ovariectomy does not explain th

The zdrenal cortex is a potentizl source of exira-ovarizn ogstrojens



(see raview by Parkes and “eunesly, 1966) and after the incubation of mouse
adrenal glands with progesterone, Vimson 2nd Cheszter Jones (196%) were

able to identify %wo cestrogens, viz., 16~-oxocoestrone and 17 ~ epicesiricl,
each of which accounted for less than one per cent of the total progesterone
substrate. The role of adrenal gland is complex, =adrenal hormonsas, presumably
adrenccorticosteroids secreted in response to siressful conditions, inhibited
implantation in the rat (see page 1l )s  Hayer (1963) reporied the occurrence
of spontancous imnlantatlions in overieciomised end adrenalectomised rats and

sdrenalectony failed to prevent unexplained implantztion in Smith's (1966)

experiments. Smith obtained implantstion in 80 per cent of mwice after

t=13

the Transfer of blastocysts culiured in vitre to recipisnts ovariectomised

one or two weeks prior te ova itransfer. ‘ Ovarlectomy and adrenalectomy five
to six days before the transfer of ova still allowed 73 per cent of wmice to
implant ova. Smith suggested that extra-adrenal tissusz may have been
responsible for the production of ocestrogen. Eowever, the mice used in the
present work haﬁe been used for the zssay of plant osstirogenic activity and
vaginal cornification has not occurred in non-itrsated ovariectoumised animals

(unford pers. codm.). Cwing to the pauclty of informsftion zbout adrenal
hormones playing a constructive role in ova-implantation no recourse for an
explanation of the present resulits willi Le made.

Swithberg and Runner {1960) belisved theot progesierone alone was able
to czuse implaniotion in ovarlectomised mice whoze uleri retained some
effectis of 'recent ocestrogen stimulation®. They took this stand to reconcile
apuarently contradiciory results. During earlier work (Smithserg and Runner,
1956) they showed that 100 per cent of mice ovariectomised on day 1 implanted
ova when given 0.5 or 1.0 ng of progesterone dzily starting on day 2, and

Bl

further that implanitation could be started on day 18 of pregnan ncy by giving

three to four deily injections of 1.0 mg of progestercone. Their rezults in
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vp to 45 days (Cochrane and Meysr, 1957) did not result in predictable or

3

rezular implsnt: tion, walch in each case was =Iffected by supplying ocestrogen

{:

as well as progesterons. In fact, these are {he conditions required to
delay implantations ir this species (Mayer, 1963}. Further, in the prognant
lactating mouse or rat why is implantaticn delayed if progesierone is

aveilable with low levels of oestrogsn? (see page 61). Smithberg and

¢
trd

Runner’'s hypothesls is not suited to explain the current results, as if all
that is reguired of oestrogen is its recent stimulastion, then woy did mice
ovoriscitomised on days 1 and 2 {a2il fto implant? Dut the convsrss is egualliy
true, the surge hypothesis does not explain aow 100 per cent of wmice
ovariectomised on day 1 would implent ova. Although Smithberg and Runner
used prepuberial irice that were stimulated {o mate end ovvwlate with
gonadovropin traatment 1t is difficult to know why, in the absence of
excessive stimulation, the hermonzl conditions that allow implantztion should
be different than in adult mice.

The ability of ihe blazstocyst iiself teo bz able to synthesize or carry

out bictranslformation of steroids hoas besn denonstrated for rabbit blesto-

O

" and Bik-Nes, 1966)}. Chambon (cited layer, 1950) sugg:sted that

the rabbit blastocyst produced ocestrogen snd that this wss nccessary for
implantation. It has bzen shown that the induction of traumstic deciduoma
the ovarisctomissed rabbit required both progesterone and cestrozsn
(Kehl and Chambon, 1930; c¢ited Deanesly, 1953) whersas it is known that in
hizs species ova implant in ovariectomised animals given progestercne or
some of its derivativ:s {Rennie and Davies, 19653 Pickworth, 1963).

Msc there is the possibility suggesied by Huff and Zik-Nes who found
that LH, and fTo a lesser extent ACTH, when added to the cuvlture medium
speeded blastocyst differentiation; that the pituitery gonadoironins heve 2

direct tropic effect on ihe blastocysts. However, zs gonadoircenin release



|

[y

during normzl pregnancy is followed by ovariasn steroid secretion it is not

possible to decide whether or not the gonadotropins direcetily affect the
blastocysts and during expesriments whers gonadotropins have induced implantz-
tion in the hypchysectomised rat {(Hecdonald, irmstrong and Greep, 1967)

and mouse (Bindon end Lammond, 1967) the ovaries have been present.
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with respect tc the uterus. Blrstocysits were oble to ve Ilushzd from
uteri aiter implantation had begun. The time of implantaticn for the
mzjerity of blastocysts in intect micz was esrly on dey % of pregnancy.
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There wss considerable variation in ths of develomment r-ached at a

-

fixed time during pregnancy by ova from different mice with the same mz
hisztories. Also, ova from any one mouss did not zlweys develop in phase
with one enother. Asynchroncus development of ove would imoly that
implantetion in any one mouse would inke nlace over a period of hours.
The size of the blastocysts increased as imuplan

7
trophoblastliec transformetion proceedad.

The morphology of some of itie noniransiormed blazstocysis recovered
suggested that they may have undergone conirection in utero. It was concluded
that blastocysts may rhythmically expand and contract while in the uterus
&5 they have been observed te do in vitro (Borghese ard Cassini, 1963;

Cole and Paul, 19A5).

A number of abnormal blastocysis wore recovered frem intact mice.

These were swaller than normal, often drregularly shaped, showsd no obvious
inner cell mass and displayed a2bnormal cavitaiion. It was concluded that

they resulted from sbnormal cleavage dus to or associaoted with the prematurs

loss of the zonae pellucidae.

=3

e critical ftims for ovariecltomy after which progesterone alone
perimitted a full implantsiica response was day 3 )m of pregnancy. Cveriectomy

at day 3} allowed the seme proportion of mice to implant ova but the number

of implantation sites peor nmouse was reduced. The criticnl time was interpreted

g coinciding with the stage of pragnsncy vhen sufficient ovorian ocestrozen

had been released to 2llow imglantaztion. Thus the ovorian hormonal
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during the period of progesierone dominance, viere thought Lo be the same

¢ rat (Shelenyak, 1960; Meyer, 1963). However,
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whiile oestrogen relessed by day 3% may be suificient for implantation,
continued vestirogen secretion would seem to favour smbryonic survival
(see pzge 9¢, Bection TI).

Implantation was delayed in some mice afier sham ovarisctomy at day 17
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2ET
during Zxperiment i. The rezson for the delay to implantesiion in some mice
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from Experiment 4 but net in similarly {trezted mice in Zxperiment B is not
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sgsociated with daily hendling o

oy

knowa. It was suggested that astresses

mice may have been responsible.
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SECTION II1

THE OVARTAN HCRMCNAI REQUIREMENTS FOR POST-IMPLANTATION SURVIVAL

INTRODUCTTION
Ablation studies have demonstrated that the overies asre required for
maintenance of the grester part of pregnancy in mice and rats (Harris, 1927;

2obson, 19363 Selye, Collip and Thomson, 1935; Zeiner, 19%3; Carpent, 1962;
end see Amoroso, 1955; Desnesly, 1966 for reviews).

Although progestercne has mainteined pregnancy in mice ovarisctomised
after ove-imglantation (Hall and Newtorn, 1987; Rubenstein and Forbes, 1963;

Poulson et al., 1865) little is known sbout its zbility to maintain normel

pregnancy in mice overiectomised priocr to implantation. While Smithberg

iy

"4

Runner (195%) foetal survival

i1y

Tound progesterone was sufficient fo
until teri; they experimented with gonadotrenin-stimulated prepyubertsl mice.
These aninmals did not show evidencs of & critical time for ovariectomy with
regard to imrlantation and in this respect, may diffe:
(sze Section I).

Thers 1s also reason to guestion the efficacy of progesterone and
vrogesisrone~cesirogen substitution ftrertment following cvarieciomy alter
tation. Gross foetrl abpnormaliiies were present in some foetuses
maintained with progesterone in the mouse (Povlson et al., 1965} and with

rrogesterone and oesirogen in the rat (Carpent, 1962).

The establishm

ﬂ)

nt of implantstion in mice ovariectomised while ova were
free in the uterus {(Zxperiments A and B, Section I) allowed the effectiveness
of graded doses of yprogestercne in the maintenance o

roup in which cestrozen was given simultaneously with

iy

progesterone (group 7, ixperiment B) afforded a comparison.
Zmphasis was alse placed on the stage during preasnancy of embryonic

death and on the distribution of deazad sites within the uterine horns.
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SHMBRYCNIC SURVIVAL

1. Pre~implantation Loss

in estimate of this loss was made by relating the number of implantztion
sites to the number of corpora lutea counted by inspection at autopsy for
intact control mice during Ixveriment 3. The assumption being that each
corpus lutsum represented an ovulated ovam.

2e Post-implantation Loss

Death was assessed at autopsy during Ixperiments L and B oby:i-

~

i) The size and colour of implantation sites usually »mrovided
an indication of their viability. 5mall blue-black or
very pale-coloured sites were invariahbly dead. Changes
in the appearance of the uterus such as chliferztion of
betwesn~site constrictions and bloed celoured exudate free
in the lumen were associzted with dead dmplanfation sites.

(ii)  Dissection of 211 uteri from pregnant mice {(with the
exception of 1% ceontreol and sham ovarisciomised mice
from Experiment 4 and 8 histologically szctioned uteri)
at autopsy.

(1ii) Histolozical sections were made from 2 uteri with sites

classified as dead and from & uteri about which no decisionm

could be made, by apoearance zlone.

3. The Distribution of Dead Implantation Sites within the Uterus
Implsnisiion sites in uterine horns were numbered Ifrom the cervix
towards the oviduct. The number of the position of & dead ilsplantation site

vas considered z2s the quantitative variable Y, in an analysis of covariznce.

The independent variable or covariate X, was the total number of Toetuses



in the nterine horn. The anzlysis was performed on the data from the
intact and ovariectomised pregnant mice from EZxperiment B (i.e., treatment
groups 1, 2, 5, 6 and 7) afier the use of the transformations x = ¥ X + 1L

and ¥y = ¢ ¥ + 1,
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RESULTS

Lo Fre~imnlantation and Total “mbryonic Losses

Zxperiment B (Intact control mice)
At 127 days of pregnsncy, the 29 control mice had 289 corpora lutes
and 268 implantation sites. The mean number of corpora lutea and implantation

sites were 9.96+0.20 and 9.2440.25, respectively.

4]

’

This means that V.Z% of the eggs ovulated did not implant.
From these 2% mice a total of 287 live foetuses wers recovered, which

represented 2 post-implantation loss of 7.8% (the 76 intact mice from both

73

Zxperiments A and B had a post-lmplantation mortality rate of 7. 0%4) .
J pLa J
1 . . 1 - :
The Lotal loss up to day 124 of pregnency was equivalent to 17.14% of

the eggs ovulated.

2o Post-implantation Losses

The numbers of surviving foetuses in each treatwent group for both

experiments are shown in Table 7. Derth signs =re summerised in Table 1k,

Analysis with 2 x 2 contingency tables (Teble 15) showed that collectively,
the progesteronc~maintained ovariectomised mice had a considerably lower
proportion of live embryos (0.08) than that found in intact groups (0.92,

P{0.001). Two mg of progesterone was asscciated with a significantly higher

survival rate than that shown from the pooled results of groups given
and 7 mg daily (P<€0.001)
sham ovariectomy did not influence the mortality rate when compared with

the intsct control mice.

intact control mice had a higher survival rate (0.92), than 4id mice
ovarisctomised on day 3 of pregnancy (0.62, P¢{ 0.001). OF mice ovariectomised
at 3y days, those given daily oestrogen had a higher proportion of live



TLARLE 1k

SIGNS OF FMRRYCNIC (CR FOETAL) DEATEH
AT AUTUFSY

1, External sizgns in mice with 21l members of their litters dead

Bxperiment A

Ovariectomised at

Trzatments D Sham ovariesctomisead
oz 4ays
i > 2 mgs progesierone daily 13 3% days
. L] - 6 o
Number resorbing o
. .+
n aborting 3 1
i with vaginal
exudatet 1 3 1 2 1
Totals 10 17 10 3 1

Grand total &0

Experiment B

Ovariectomised 33 days

Treatment s
zbout 2 mg progestercne daily
Fumber resorbing 2
h aborting

't

with vaginal
exudate

Total 2
Grand total

2. Appearance of the uvteri

a)

b)

c)

3. His
a)

b)
* H;ce

The size of lmplentstion sites:- dead sites were sumiller than live
sites (exceptions occurred when implantatiion wes delayed or when Toetal
death occurred shortly before autoonsy).

Colour of the sites:- blue-black or very nale sites were dead.
Techymotic or larger haemorrhages were often present on and between
implantation sites in ovariectomised progesterone tresated mice uteri.
Howaver, haemorrhagic changss were not always associzied with dead
foetuses.

Bztween site constrictions wers off
especially in mice aporting T

tological signs of embryonic desth

The absence of the embryo in serial sections that inciunded the widest
diameter of the implantztion site.

Localized areas of necrosis (pyknosis znd karyorrhexis of nucledi,
absence of cellular outline and often the presence of poiymorphic

leucocytes) frequently surrounded by viakle decidusl and epithelis
cells.

with closed cervices

" open ”

+ Blood coloured exudats in the vagina bubt no other signs of aboriion
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sites {0.83) than did mice given progesterone alons {0.46, P 0.001).

T The relative Time of Death

The size of the dead implantation sites and a summary of statistical
comparisons made are shown in Table 16.  The size (volume) of the dead

sites was positively related to the duration of embryonic survival.

Ovariectomised pregnant mice had dead sites that were not different in
> o PRI L] 2 ol [ I 8 fal 68 ,‘3
size from that those carried by intact mice (73.83 cf. 51.68 mm

Qvariectomised pregnant mice given 2 mg progesterone daily had larger dead

by

mg of progesterone daily

ol

sites than the average for nlice given i and

3

(119.68 c¢f. 53.4%9 mm”, P {0.00L).

The mesn volume of dead sites was greater in ovariectomised pregnant

mice than in intact controls (92.12 cf. 41,43, F{0.05). Hice ovariectomised

E

at Zy days had larger dead sites than those ovariectomised at day

3

3% of

pregnancy (155.30 cf. 58.50 mm~, P{0.COL).

4, The Distribution of dead Imwplantation Sites within the Uterine Horns

The adjusted mean positions in the uterine horns for the dead
implantation sites are given in Table 17. Differences between the freztment
means were significant,. Intzcet control animels had the mean position of
their dead sites located closer to the cervixz than did ovariectomised pregnant
mice (P 0.C01). There were significant differences betvieen the means of
the twe control groups (P< 0.01). Comparisons between pregnant mice
ovariectomised at 33 days of praegnancy showed that those given oestrogen
as well as progesisroune had dead sites further away from the cervix than

those given only progesterone after ovariectomy (P C.0L).



TIE 16

THE S{IZE OF TUT OTAT DCLANTITION S{73% R) SEPegpeenys L &l ©

EYPERIVENT &

EYRERIAENT ©

GRAUF NS, TRELTHENTS MEEN YOLERE OF S{TES {NHE} CROMID DS, TRESTHENTS MELN VOLDME DF RTES (MHE}
Lo Dyapy 3% days, = g prog, deily Y RY| 1 Intaet confrals ke T
5 i oo ; i " N 3ﬁ33 o Bl = 32m12
& M B PR E 19,627 5 Tyary . dve, conirals 2 omg opan, deily 155,30
11 Share Cyapy 109 INGE7 £ LA ! noor # ERL5T
12 " ll ziu 2 3 7 B B b il b P £2.57

= 1,0025 ne sestradicl daity

13 {ateat santrols Lz 45
SUMMIRITS OF SBALYSER OF rrnpeD
PRRINENT prprafans p
Source If Yariznos Ratio gl i) Grp Hoss heb+6  {77,83) wvs 11412413 {61,68) H3

{
Treatnents 3 3031 - 0,001 {7y » v 4 (47.01) ys 5 (53.38) 1S
73 (

h]

Residual i) 0 has (53,48) vs 6 (119.68) - 0,008

EXPERINERT B

Treetments 3 8454 +0,601 (1) % v 56T (92,420 ws 1:2 (11,43) < 0,0
Residuzt 11 (i) * ¢ 5 55,70} ys 6 '59,50) < 5,00



THH S UTERINGE HORNS
I \$
I G )
The mezn positions in the uterine horns of The mean number of
the dend imulantotion sites implantetion sites
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2, " f 13(1481) 123223 1.3313 1a77 5,00
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Source daf Fean Sguares Variance Aatio P
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5 The Influence of the Number of Implantation Sites in the Uterine

Horans on Feoetsl Survival

The foetal survivel rete for intact mice did not appear to be
influenced by the number of implantztion sites in the uterine horns (Tzbleld,

Toxt-figot). However, in cvarisctomised progesterons treaved mice from

[

Zxperiment B (groups 5 and 6) & higher percentage of sites in the uterine
horns were dead when thers were from one to three sites than in horns with
from three to eight sites.

kn

6o Single surviving Foetuses

There were a relaiively high number of single surviving implantation
sites (in uterine horns with both live and dead sites) found in mice with
large dead implantation sites {group 6, Zxperiment A and grouy 5, Experiment 3,

T‘-}ble 19 ) o
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OF THY IHMPLLNTATICH sITES IH

TERINE HORWS

Uterine horns with sites 2ll alive | all deag | 213Ve end | with one
dead site alive

Treatment groups

Experiment 4

Ovarx 35 days, i 0g orog.” 0 24 2 1
(group &)

Ovarx 3} days, & mg prog. © 32 1 0
(group 5)

Ovarx 3% days, 2 Ng Srog. 1 2% 8 4
{group 6)

Intact controls 17 3 11 1
(group 13)

Ixperiment B*

Ovarx 3+ days 6 7 6 5
(group 5)

Ovarx 37 days 0 7 17 A
{group 6)

Ovarx 3% days, OB daily 15 1 10 0
(group 7)

Intact controls 18 Q 11 1
(groups 1 and 2)

* a

; g of prozgesterone daily.

Ovariectomised mice given about 2 mg of progesicronc

given 0.0025ug of oestradiol benzoate (0B) daily.

daily and group 7
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DISCUSSTION

Differences between the numbers of corrporzs luten and imglantation
sites counted in the intzct mice 2t 12% days of pregnency, showed that 7.2
par cent of the esggs did nct implant. This compares reasonably well with
the estimate of 9.8 par cent of recovered blastocysts that were classified
as abnormel (page LG, Secticn I). Hewever, it is likely that 7.2 per
cent is a minimal estimate. Serial histological sectionz of overies resoved
at %2} days of pregnancy showed some corpore lutea to be very close together,
so that macroscoplezlly two corpora lutea looked like cne large one. It is
nossible that errorsz of this kind wers made.

The percentage of ore~implantotion lossss was considerably lower than
the 26 per cent found by Danforth and de fberle (1928) for mice of varicus
ages and sirzins.

Hellander and Strong (1950) found that the post~implantation morialiiy
rate, meesured from 1080 vregnancies (which included 10 outbred, & inbred
and 10 mongrel strains of mice), was 15 per cent when there were four to
ten embryos in a horn.

The total embryonic loss up to 127 days of pregnancy, squivalent to
17e% par cent of ova ovulated, was considersbly lower than the equivalent
estimate of bhetween 25 and 35 per cent found by Darforth and de fberle (1928).
Although post-implantation deaths can occur at all stages of pregnancy, the
peak mortality incidence has been reported by Hollander and Strong (1950)
and Boshier (1968) to occur before day 12. Thus the present estimate of
17.4 per cent would not be expected to be much higher at term.

Strain differences (Boshier, 1968) and prebably the age and reproductive

zte. fven if

Iy

histories of the mice (Krohn, 19565) affect the mortality
allowances were made for the shortcomings of the current esltimates, the

efficiency of reproduction in the mice used was comparatively high.



It is appsrent from Table 7 that there was only a small number of live
foetuses at autopsy in the ovariectomised progesterone treated mice from
Experiment A. Jome deaths can be explained by The administration of
ingufiicient progesterone to maintain pregnancy. Thoze that received 2 mg

had & higher proportion of live foztuses (27 per cent) than those given # and

[

1 mg of progesterone daily (2.1 and 2.8 per cent). 'These figures are low
relztive to the survival rates of mice ovarieciomised at 3% and 3% days of
pregnancy and given about 2 mg of progesterone daily during Experiment B,
of 47 and 46 per cent, respectively.

The difference between the results of the Two experiments mzy be

0 the dilfferent msthods of administering yrogesterons. It doss not

o

related
appear to be the direct result of the comparatively less sultable environmental
conditions encountered during Zxperiment &, as intact control mice in bhoth
experiments had post~-implantation survival rates of over 90 per cent.

During Experiment A injsctions of progesterone in ap odl solution were
given daily, while in Experiment B subcubtaneous progesterons implant peliets
were inserted at the time of ovariectomy. 5 well as any deleterious zffect
that may have accrued fromldaily hendling of the mice the dazily injections
of progesterone may not have provided an even supply of this hormone. Forbes
(1959} and Cohen (1959) estimated, by the use of 2 bioassay technigue for
total progestiagens, the levels in the oil wshicle and in the plasma after the
injection of progesterone intraperitoneally and subcuwtancously, respectively,
in ovariecitcmised mice. In both cases there was rapid loss of progestagen
from the oil vehicle after injection and ‘'free'! plasma progestagen levels
varied inconsistently with the dose rate after the intraperitoneal injection,
and decreasged ropldly affer five nminudes pest injection. 'Bound'! levels
were often not detected. The free plasma 1évels after subcutaneous

administration decreased guickly and were low 1C minutes post injeciion,
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I+ is probable that a more steady rate of release of progesterone followed
its adminiztraticn in vellet form and this may have been an imvortsnt
contributing factor for the higher survival raftes obtained in Experiment B.

Fore mice with &1l members of their litter dead were found in
Gxperiment & than in Ixperiment B (Table 14). Farther, only during the
former experiment were mice seen to be in the process of aborting dead
enbryos. The signs of death and the methods unsed to establish the viability
of implantation sites are reviewed in Table 1b. It is probzble that mice

n Dxperiment 4 with a sanguincus exudate in the vagina were in the early

[ oA
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stages of aboritiocn. Blocd present in the vagina on days 12 or 13 of pregnancy

as a 'sign of pregnancy'! {Zckstein and Zuckerman, 1956) is & normally
expected occurrence, However, in the mice under considerastion, il was
preseat in large amounts and 21l members of the litters were dead, so it is
not thought tc have been confused with the normsl zign of pregnancy. Herris
{1927) reported that cvariectomy of pregnant mice beitween days 3 and 15 o
pregnancy lead to the resorption of embryos or foestuses, while this operation
after doy 15 was associated with zboriion. Twelve progesterone trezted
ovariectomised mice in Experiment 4 aborted dead embryos, some of which
estimated by the size of the dead sites, died on days 9 or 10 of pregnancy.
Dezpite the lower embryonic survival rate in ovariectomised pregnant

then in intzct mice, there is li{ile reason to suspect that 2 mg of proges-

terone daily, was too small a dose. Smithberg and Runner (1955) ovariectomise

-

gonadotropin-stimulated mice on day 1 and found thot 0.5 mz and 2.0 mg of
progesterone daily maintained pregnancy to term in 35 and 82 per cent of
mice respectively. Similarly Poulson =t al. (1965) found that when mice

were overiectomised on day 6, the administration of .25, 0.5-0.75, 1.0

and 2.0 mg of progesterone daily from days 5 to 9 and 2 mg from days 10 to 18,

that 0, 26.7, 55.2 and 69.6 per cent of the mice respectively, carried live

4
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tuses to dey 18 of pregnancy. ~lso Rubenstein and Torbes (1963) znd Hall
and Hewton (1947) reported thet after ovariectomy oun days 10, 11, 14, 16
and 15, reszpectively, pregnsnecy was mainiained in & high proporticn of mice
with less than or 1 mg of progesterons daily.

It is alsc unlikely that the daily doses rate of 2 mg wss tco high.
Petrelli 2nd Forbas (1964} found that 3.5 mg of progesterone contained in 0.5
ml of sesame oil when injected intraz-amniotically on day 1% or subcutaneously
on days 14, 15 end 16 of pregnancy in intact mice of the Brown Belf strain
was toxic and caused the death of over 00 ver cent oi the two most anterior
situated foetuses in the uterine herns. Moreover, this strain of mice
were more economical in their utilization of progesterone than CHI mice in

in

the maintenance of pregnancy after ovariectomy (Bubenstein and Forbes, 1963).

Seemingly the guantitative threshold of progesterone reguired for

implentation, in mice overiectomised at 3% deys of pregnancy, was lower then
that reguiresd for the maintenance of embryonic survival. This conclusion |
agrees with the results of Smithberg and Runner (1956). During Ixperiment 4,

implantation was considered to have bsen completed (page 58, Section I) in

]

- - -1 ~ . “ — . ' .
mice given i and  mg cf progesterone daily. However, the prezent resulis

and reporis in the literature indicste that these amounts were too low for
continued embryonic survival,

The inclusion of cesirogen in the supporiive treatment that fc

1

[

lowed

t

ovariectomy at 3% days 1in EBxperiment B was associaited with a higher survival

=1y

rate than with progesterone alone {83 c¢f. 5C per cent). Indeed Humphrey
(1967), reported that the development of viable foetuses after ova transfer
1o ovariectomised mice regquired both progesierone and ocestrojzen treatments.
Mice resorbed embryos after day 6 of pregnancy when given progesterone alone.

The ovaries and/or the placentae probably produce smzll amounts of oestrogen

throughout pregnancy.  Huff and Zik-Hes (1967) detected plasme cestrogen



'

in the pregnant rat bui were unsble, by thz use of & sensitive chemical

L

technigue, to measure levels accurately. ind although Harlmess, Fclaren
and Roy (1954} were unable, by the use of a chemical method, to detect
czstrogen with certainty in mouse placentae, there is biclogical evidence
that placentee do produce some oestrogen during pregnancy {Amorosc, 1955;
Desnesly, 1958). 'hatever its source, cestrogen acting with relaxin is
required for pelvic dilation in the pregnant mouse (Hell and Newton, 1947).
Thus oestrogen cnd progestsrone would have been expecied to simulate more
closely to the physioclogical hormonal situwation during gestation than provided
by progesterone alone,

With the exception of infrequent cases of delayed implantation, the

2

the dead implantation site was inverszely related to the duration of

=

size ©

n

size of the dead sites in Zxperiment A4,
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survival of the embryo. rfrom th
the majority of deaths in both ovarizctomised progesterone~treated and intact
aice occurred at about day 7 of prezasancy. However, of the ovarisctomised
pregnant mice, those thet received 2 mg maintained embryoes in a viable state
for a longer period of time than did mice given % and % mg of progesierone
daily. Although ovarisctomised hormone~treated mice had larger dead sites
than those found in intact mice in Bxperiment B, this difference ves probably
due to the incidence of very large dead sites in enimals ovariectomised =t 3%
deys of pregnsncy. Dead sites in this group (5) were considerably larger
than in mice ovariectomised at 3% days and a number of foetuses that showed
external characieristics consistent with the twelfth day of development and
contzined in cloudy amnicotic fiuid were found.

The mzajority of deaths in both intact and ovarieciomised pregnant mice
occurred at about the same time as found by Hollander and Strong (1950)

who reported that zbouit 72 per cent of post-implantational deaths in intact

mice occurred between days 6 and 8., Days 6 to 9 of prognancy coincide with
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the period of embryogenesis during which Foulson et al. (1965} found that

73

the guantitative requirements of progesierone wers especially criticsl for
continued embryonic survival. £4lso Nelson end Zvans (195%) reported that
S0-100 por cent of the embrycnic deaths in pregnant rets fsd a protein
deficient diet occurred at 8 or 9 days of gestation. This effect was
probably the result of a lowered output of gonadotropins (Irshoff, 1952;
Kinzey and Srebnik, 1963) as either gonadoiropins or progesierone and
osstrogen adminisiretion (Welson and Zvans, 1954%; Berg, Sigg snd Greengard,
1967} allowed maintenance of pregnancy in protein deficient rais. Thus it
appears that the period of embryogenesis is a critical time for the develop-
ing embryo during which it is susceptible to sndocrine deficiencies or
imbalances, a5 imposed in the present work.

Hot 2ll deaths were confined to this zarly period of embryogenesis.
The size of the dead sites, in mice ovariectomised at 32 days (zroup 6,
Fxperiment & and at 3% days (group 5, Ixperiment B) and given about 2 mg of
progestercne dally, suggested that deaths occurred later on in pregnancy
(Table 16). t 1s possible that the low and/or irregular plasma lesvels of
progesterone, that were considered to have been instrumental in producing
the nigher mortality rate in Zxperiment A than in Experiment B, became

inadeguate for embryonic survival at different times during pregnancy in
different mice. Twenty two of the 100 dead sites were over 200 mm3 in

5
volume and & of these were over 300 mm”. Between days 1l and 13 of pregnancy
in the rat Fajer and Barraclough (1967} foundé that there was a sharp increase
in the output of ovarian progestagens and should there be a comparable
increase in the mouse, and if this did represent increased requirements for
progesterone at this stage of pregnancy, then its absence in overiectomised

mice may explain soms of the late deaths that occurred.

£ hagzard that growing fcetuses had to contend with in overiectomised



progesterone treated mice was intrauterine space conifinement, that occasionally
resulted in pressure induced externsl deformities (PL. I¥, figs. 1 and 2).
Carpent (1962), who described a similar condition produced by ovariectomy in
the rat, considered externszl deformiifies to result from pressure exerted

on the feoeituses by a hyperionic uberus. Carpent found that ihe administration

H

of cestrogen and progesterons to rats ovarisctomised on day 3 pregnancy
did not prevent this condiiion.

28 & cause for

&)

Ivaluation of the increzsed intrautserine pressur
embryonic death is not straight forward. This is in part, beczuse the
endocrine conditions causing the uierine hypertonicity mzy have had an
independent advorse affect on the survival of the .embryos. The failure of
the vt=rus to grow and distend undoubtedly was responsible for the dezth of

fter expulsion through a2 rupture in the utsrine

)

the few fostuses that die=d
all into the peritoneal cavity (page 123, Section ITI}. hile Selye et al.
(1935) nelieved that foetal death in the ovariectomised rat was due o

increased prassurs caussed by the partizl involution of the uterus, this

explanation is not appropriate for the current results. The increased inira-

uterine pressurs wss interpreted to have resulted from a reluctance of the
uterus to distend rather than from positive involution. It is perhaps

misleading to implicate increazsed pressure per se as being responsible for
the early embryonic deaths that occurred in overiectomisad mice. It is not

"

ertain that the uteri were hypertonic at this time znd most deaths cccur

iy

at this stage of pregnaney in intact mice for unknown reasons. Cnly in

those groups where the dead implantation sites were larger than those of
thelr respective intact control animals (i.e., group 6, Txperinment 4 and

Fxperiment B) will increased pressure be coasidered as a possible
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It zppears reasonable to assume that the pressure on each foetus would



be positively rzlzted te the number of foetuses in a uviterine norn. 7There
is some evidence to suggest that this was so. Uterine horns or segments
of horns that contained foetuses orisntated so that their heads pointed at
right angles to the direction of the horns, were always crowded (Pl. VITI,
e 122, Section TII), However, there was no consistent evidence

fig. 1, va

i}
&

to show thai the mortality rate was positively related to the number of

o

implentation sites in the uterine horns (Text-fig.h, Teble 18). For
example, of the ovariectomised mice in Zxperiment B, those in group 6 where
the number of implantation sites ver mouse was higher than in group 5,
actually showed an increase in the proportion of embryo surviving as the
number of sitezs increased from five to eight per uterine horan. Llthough the

numper of horns was smell  there iz little reason to believe that in other

ups {viz., 5 and 7) that the survival rate varies inversely with the

0"1

.L"
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number of sites. HMoreover, there is justification for helieving that the
converse applied, that is, the proportion of embrycs surviving was lowest
when there were few sites in the horns of ovariectomised mice given
progesterocne alone.

4 further objection to the view that pressure alone killed the embryos
or foetuses is that there was no constant time of death. It would have been
expected that intrauterine confinenent would have become more serious as the
rate of foetal growth increased. However, 27 and 47 per cent of the foetuses
from groups 6 (Experiment A4) and 5 (Experiment B), respectively, were alive
at autopsy and of those that died, there was a lack of uniformity din the
size of the sites. Cnly a few died on days 11 or 12 and the others died at
times before this stsge of pregnancy. Thus, the susceptibility of the
embryos and foetuses to pressure would have had to have been variable.

There was a surprisingly high number of single surviving ilmplantation

sites in horns with both live and dead sites in the zroups with the relatively
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large dead sites (Table 19), Of the single surviving sites, threz out of
four in group 6, and four cut of five in group 5 occupied vosition 1 (that
nearest the cervix) in the uterine horns. With regard to the proportion
of sites dead in each positvion, number cne has lowest dezth rate of all
positions in ovariectomised mice (see Text-fig.5). One ezplanation is
that the uterus 1s progressively less suitable for foetal survival as the
foetuses are positoned further away from the cervix. It is also possible
that as lone surviving sites were often present with large dead sites, that
they derived some benefit from the presence of the latter. There is a
chance that some of ithese dead zites contained live placentiae. selye et al.
(1935) found that although ovariectomy &t mid-pregnancy in rats killed the
foetuses, the placentae were still alive five days after the operation.
However, for the survival of the lone foetuses tc depend on secretions from
othar placentae it would mean thai their own placentae were deficient.
Carpent (1962) observed that the placentae of foetuses, from rats
ovariectomised on day 3 and given oesirogen and progesterone itreatments from
days 9 to 25, were oiten hypertrophied. These placentae showed tropho-
blastic proliferation with blood stasis in the placental labyrinth. Although
placentzl morpzhology was not studied in the present work, the similarity
between the two experiments with regard to the presence of uterine hypertonicity,
L}
deformed foetuses and closer syacing (see Section III) sugrests that the
placentae in the current experiment may not have been normal. 4nd if the
placentae were endocrinoclogically incompetent, it is conceivable that the
combined secretions of several may have been reguired for the survival of
one foetus and the most likely foetus to survive would be the one in the
most favourable region of the uterus.
The highest rate of feoetal survival was obtained in ovariectomised mice

given progesierone and cesirogen. However, as it was about 9 per cent below
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that recorded for intact mice, it is likely that some degree of endocrine
imbalance remained. The embryonic survival rate in mice after ovariectomy
at 3% days of pregpancy in Zxperiment B, was considerably higher in group 7
that recsived both cesirogsn and prozesterons treaiments than in mice given
progesterone alone {group 6) (Tables? and 15). This suggests that

cestrogen was delinitely beneficial for survivel and as the average vime

of death in both groups was about day 7, ocesirogen was effective in reducing
deaths during this period of embryogenesis. In Section I {page 67) it was
proposed that an oestrogen release, required for ova-implantation, was
completed on day 3% of pregnancy. However, in view of the effectiveness

of oestrogen in reducing early post-implantational deaths oestrogen may he
continually released after day 3%.

Although various progesterone and cestrogen combinations were not
explored in the present study there is inconclusive evidence that these
hormones maintain normal pregnancy in ovariectomised rets.,  Zeiner (1943)
was unable to prolong the survival time of foetuses in ovariectomised rats
with various combinations of oestrogen and progesterone. However, Lerner
et al. (1962) claimed that progesterone and some of its derivatives were
able to maintain pregnency in up to 100 per cent of ovariectomised rats.
QCestrogen synergized with progesterone so as to lower its minimum eifective
dose. Although Carpent (1962) found that a high percentage of cmbryos
survived alter the administr:tion of cestrogen and progesterone to ovari-
ectomised rats, a higher than normal percentage of these showed visceral
abnormalities and regardless of the combinztion of ovarian hormones administered,
a minority of foetuses showed external deformities that resulted from
uterine hypertonicity. The latter defect appears to be due to ovariectomy
and incomplete or ilmbalanced supgortive treatment as hypchysectomised

rats with grafted pituitary glands and/or progesterone and oestrogen therapy



do not have hypertonic uteri (Carpent, 1963; Carpent and Desclin, 1967).
Surviving foetuses in these animals, however, still showed visceral
abnormalities which were thought to rasult from an endocrine imbalance
operating during embryogenesis.

The limited success of progesterone and cestrogen treatment in the
maintenance of pregnancy and in the estzblishment of uterine changes adeguate
for normal foetal development in the ovariectomised mice and in ovariectomised
rats (Carpent, 1962) may mean that the ovary secretes other essential
hormones during pregnancy.

It is possible that relexin is important for the growth and distension
of the uterus during pregnancy. This hormone is known to inhibit uterine
motility in oestrogen-primed mice and rats and is concerned with the
relaxation of the pubic symphysis and cervices in these and othsr species
(reviewed by Zarrow, 1961). McClintock and Zarrow (1967) have developed
an antibody effective in blocking the activity of exogenous and endogenous
relaxin in pregnsnt mice. Localization of this antibody occurred in the
ovaries, placentae and, in relatively smaller amounts, in the uterus of
pregrant mice {Zarrow and McClintock, 1967).  Although there is some doubt
about the site(s) of synthesis of relaxin, it isg fairly certain that the
ovaries are essentizl for its production. Vhile pubic relaxation fails to
occur in ovariectomised progesterone-cestrogen treated mice, it can be
brought about by the simultaneous administration of relaxin (Hall and Newton,
1947).

Bvidence for a role of relaxin in uterine growth and distension during
gestation, then is indirect. It is, in part, based on the similarity of
the proposed action to the krown effects of relaxin in vroducing pelvic and
cervical changes throughout the latter part of pregnancy. Farther, the

localization of relaxin in the pregnant uterus may ve relaied to its known
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measure of control over this varistion was 3

é by inciuding the total number

of sites in 2 horn as the independent variable X, in the alysls.
the mean positiens occupiled by the dead sites

Comnarisons between

-

ead esmbryos

7

showed thal on average were

ovariccitomised hormone--treated mice than in ints

the mice ovariectiomised at 3} days, those ziven

progesterons had the mean location of

found closer to

the oviduct in

2ct mice (Table 17), OF
oesirogen as well as

their dezd sites closer to the oviduct

th

than in mice given progesterone alone ' interesting rezult was &
different mcen distributicn for lhe dead sites between the two intact conirol
ZroupsS. The numbers of dead sites in these groups were small and for
comparison the m:an distribution (derived from the rawv data) of dead sites

n intact control and mice sham ovoriectomised at 3% days of pregnancy from
Txperiment 4 was calculated. The result of 2,35 was nct very differsnt from
the mean position of zll intact mice from Zxperiment B 2.42 and sugsests
that the compsarison between intact and ovariectomised mice from Zxneriment B

Hay have been meaningful.

intact mice from both experiments, there were two peak incidencss of dead
sites corresponding to two differsnt regilons of the uterine horns. Dezths
were more likely to ceccur from positicons ons to three and position five
than elsevhere. The different mean distribution of dead siftez found in two
groups of intact mice from Zxperiment 5 is explsined fraom the fact that
whereas in group 2 (mean 1l.77), the peak incidence of deaths occurred st
positions 1 and 2, there were iwo peals, onz cach 2t sife positions 3 and 5,
for group 1 (3.72).

There was a higher moriality rsfe in all nositions for mice ovariscltomiszed
and given wrogesterone than in the contrel enimals {(Text-Tig.kle  The
mortality rate for the first thres positions in ovariectomised mice given
cestrogen anc progesterone treatmsnis were of ths same order as that found

Further, reference to

Text-fig.4, shows that for
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in intact mice. Thus while the administration of ocestrogen with the
progesterone~-substitufion therapy was associated with a reduction in the

death rate in all positions, it was relatively more effective for positions
¢loser to the cervix. Hence the mean position for dead sites of 4.13 in

this group is located closer to the cervix than in any other group. However,
the distribution of dead sites in the three ovariectomised groups followed

2 similar pattern. The peal incidence of deatils occurred nearer the oviduct
than the cervix in all groups. The increase in the proportion of sites

dead for each position as they anproached the utero-tubal junciion was
relatively steady in groups 6 and 7. However, while there is cnliy a
suggestion of a platean in these groups, there was a definife platean at
position 2 in group 5 and the peek positicnal incidence of dead sites occurred
closer to the cervix than in groups 6 and 7. There is reason to believe that
the region of the uferus associated with the peak positional incidence of
death wes similar for all three groups. There was an inverse relationship
between the number of sites in a horn and the distance at which they were
spaced apart (Tables 27 and 28, 3ection III). And because there wers less
imolantation sites per wmouse in group 5 than in the other groups, position &4
is relatively closer to the oviduct in this group. The high proportion of
deaths at position 8 in greoups 6 and 7 is of doubtful significance bzczuse the
aumber of sites involved was small.

To summzrize, some areas of the uterus were less favourable for embryonic
survival than others. Thus in intact mice, the central rsgions of the
uterine horns were the most favoursble for survival, ‘hile in ovarisctomised
hormone~treatsed mice, the position clogest tc the cervix was the safest.
FProbably the wost significant result is that positions 3, 4, 5 and & in these
groups vere the least favourable for survival.

The oviducal regilon of these uteri may have been lzss suitable for




embryonic survivel bscause of the disruption of iis blood supzly 2t ovariectomy.

1

During this operation the uterine-ovarian vessels were severed thereby
necessitzating that the oviducal reglon of the horn receive its bloed supply
from the uterine vessels running from the direction of the cervix.

Dead implantation sites were not distributed in the present work in the
same vay as in the superovulated mice used by McLaren and Michie (1959).
These workers found that deaths were more frequent in the central than in
the oviducal or Cervical reglions. However, the uterine horns in supsr-
ovulated mice would be more crowded with foetuses than they were in the sxperi-
ments described. TFor this resson, the results are probably not strictly
comparable.

Foetuses that did survive to day 123 of pregnancy in the oviducal regions
of the uterine horns in ovariectomised mice, were neither lighter nor younger
then those in other positions of the horns (Tables 29 and 32, Section II1).

This is interpreted as evidence that adverse local uterine conditions do not

retard embryonic development after implantation.



SUMMARY AND CORCLUSIONS

t is concluded ihat progesterone was only partially successful in
maintaining pregnency to day 124 of pregnancy in mice ovariectomised priox
to implantation. Zmbryonic death in these mice was atiribuied fo insufiicient
progesterone, an irregular supuly of vprogesterone, fto the absence of exogenocus
cestrogen in the presence of adequate progasterone and a minority due to
incressed intrautsrine pressure per se, a consequence of uiterine hyper-
tonicity accompanying progesterone freaiment. 4is only one dose combination
of gestrogen and progesterone was used, an imbalance of these hormones may
have been responsible for a small percentage of embryonic deaths. Uterins
hypertonicity was alsc present to a lesser extent, when both oestrogen and
progesierone were given simultanecusly. It is suggested that relaxin may
have been required for uterine growth and distension during pregnancy.

The most critical period for embryonic survival was during the stage of
enbryogenesis, and the majority of deaths in intzct and ovariectomised mice
cccurred at about day 7 of pregnancy. 1In two ovariectomised progesterone
treated groups the average time of death was later on in pregnancy, and some
fostuses died on days 11l and 12. 35ingle surviving foetuses 1in uterine horns,
along with large dead implantation sites, may have owed their survival to
secrotions from living placentae whose own foctuses were dead.

The distribution of dead implantation sites in the wvierine horns of
intact mice was varisble. Adverse local uterine effects were present in
ovariectomised hormone trestied mice with the oviducal region of the horns

being less favourable for embryonic survival.
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SECTION ITT

THE OVARIAN HCRMOMAL REGUIREMINTS FOR ZiBRVONIC SPACING JITHIN THE UTERUS

INTRODUCTION

Blastocyst spacing in the mouse, a3 in other wpolytocous species,
iz preceded by a number of little understocd, {hough well ordered events.
Gva are distributed throughout the Iumen of the uterine horns and
orientrted in & definite way orior to implantation. Implantation occurs
in a crypi located on the antimesomeirial side of the uterine lumen in

such & way that the blastocysts are orisntated with ftheir ebembryonie

poles directed antimesometrially (iossman, 1%937; Bloch, 1939, 1966; Boyd

and Hamilton, 1952; ‘moreso, 19%2; Snell, 1956).

Ova travel throuvwgh the Fallcpizan {ubes in 2 discontinueous way, showing

back and Fforth movement {(Harper, 19656; Bennett znd

2

mouse are said to enter the uterus ir a 'clump' (ilcLaren and
at zbout 72 hours wnost coitum (Lewis and %right, 1935). Cn zverage about

wal numbers of ova enter either utsrine horn (Denforth and de Aherle, 19238;
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in the rabbit the ispsrsed throoghout sach horn by myometrial con-~
tractions (Markee, 194%4; BBving, 1956; Reynolds, 1965). The contractility
of the uterus varies throughout the oestrous cycle (Keye, 1923; Markee,
1944; Reynolds, 1965) in such a way that the amplitude of the contractions
is greatest and the frequency least, when ocestrogen is the dominant ovarian
hormone and vice versa under conditions of progesterone dominance.

According to Snell (1956) and Wilson (1963) ova in the mouse are spread
throughout the horn shortly after their eniry inte the uterus. Snell

pelieved that they were more or less evenly spaced while ¥ilson reported

that they were randomly spread along the uterine horns and hetween 84 and 96
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hours pogt coitum, settled in a uterine crypt lost their zonae pellucidae

and became orientated. Mossman (1937) postulated that in polytocous species
ova implanted serially, that is, the first embryo attached nearest to the
oviduct, the next a little further down and so on. This was offered as a
theorelical explanation for the observation that there was a progressive
decrease in sige of the early embryes, 'in an ordinary bicormiate uterus as
in the pig', as they were positioned further away from the oviduct. MelLaren
and Michie {21959) welghed foetuses contained in each gizth of the uterine
horns of mice at 18% days post coitum and finding no ordered progression for
foetal weights as they were positioned away from the oviduct, rejected
Mossman's concept. However, the question cannot be regarded as settled as
mich could happen betwesen the Lime of implantation and 18% days pogst coitum.
For instance, though it seems reasonable to aggume that the weight of embryos
during early pregnancy would be congtantly related to their age and therefcre
to the time of implantation, it is another matter as to whather or not this
relationship continues during the accelerated growth phase of the foelus

that occurs during the second half of gestation.

In species that implant one or two ova, such as the ewse, cow, Elephantulus,

man and monkey, there appear +to be predetermined areas in the uberus where
implantation usually occurs {Mossman, 1937; Mayer, 1960). In polytocous
species it is thought unlikely that the equivalent preformed regions exist
(Mayer, 1960; McLaren and Michie, 1959) as Bloch (1939) proposed for the
mouse. However, in the parous mouse Orsini (1963) has observed that
implantation doss not ocecur on placental secars left from the previous pregnancy.
There has been disagreement as to the regularity of embryonic spacing
in the uterine horns. Parlier workers believed that the ova and implantation
sites were evenly spaced along the horns (Mossman, 1937; and for references

pertaining to the mouse see Bloch, 1939). More recently, others have
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questioned this (Hollander and Strong, 1950; Melaren and Michie, 1959;
Bloch, 1966), and the only species in which the spacing of blastocysts
has been shown to be more even than random is the rabbit (Boving, 1956;
reviewed by Blandau, 1961).

Two mein problems were investigated, the first was that of finding
the time during normsl pregnancy at which blastocysts became spaced priorm
to implantation and seccndly, the spacing of implantation sites in
ovariectomised progesterone treated mice was compared with that in intact
mice at 124 days of pregnancy.

During Experiment C (Section I (a)) oviducal and cervical uterine horn
halves were flushed separately to determine if there was a stage of pregnancy
when equal numbers of ova could be recovered from each of the horn halves.
This was done to see if ova vere spaced shortly after their entry invo the
uterus as claimed by Snell (1956) and Wilson (1963). Also by observing the
developmental status of the blastocysts at different times during pregnancy,
it would be discernable if implantation occurred first in the oviducal horn
half as would be expected if Mossman's (1937) concept of serial implantation
was correct. 4As a further check on the positional crder of implantation
in the uterine horns the age and weight of foeluses was measured at autopsy.
The assumption made was that the older foetuses in each litter would have
developed from blastocysts that implanted earliest.

In preliminary experiments during which ova implented in ovariectomised
mice given progegterone, the implantation sites appeared te be more closely
spaced together than in intact mice. So it was of interest to measure the
spacing distances between implantation sites at 124 days of pregnancy in

_intact and ovariectomised hormone treated mice.



e

1 Thg Zescing ol Cws prior

102 and 110 heurs of wrsgusacyl} @

im:lantat

Orl

meaznred to find;

(

[

v

Tr

F__I‘
-

I

) the distsnce from cervix to ubsrobtubal

J4¥]

norn were cou 4 nd examins

dunction &

time of ova-

the timas; Of,

iducml halves

-
i

"tor mach

inn=d cn cardbonrd

horn) of each site.

vidal shape and its volume



vere approximate.

3. Observations made on Fostuses at Avtopsy

Foetuses were dissected from uteri, that were preserved in 8% buffered
formalin. There were 32 uteri from Experiment 4 and 19 from Experiment B.
(a) Developmental ages
Ages were estimated to the nearest half day from the stage of

differentiation of some external features, in particular the shape of the

footplates (Gruneburg, 1943).

(b} Foetal_weights

Weights were measured to the nearest mg on a forsion balance

after excess amniotic fluid had been removed with blotting paper.

{c) The orieptation of the_ foetuses

Hote was made of the direction in which the foetal heads

pointed.



RESULTS

i, The Svacing of Gve wrior to Imulantation

The votzl numbers, and th: aumbers ol ova recovared at each stage of

dey

ron the oviducal znd cervical segments of the uterine horns

Hy

elopment,

spowpn in Table 20.
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Iore ova were recovered from the oviducal than the cervical ssgmants
(Tnble 21, P<0.0L1).
Jith time as the indevendent variahle, there was a significant negative

regression for the numbers of ova recovered from the oviducal segments and
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the curves for ova rscove
significant nonlinearity (Teble 21, Text-fig.6).

Cf the toitnl pumber of blastocysts showing no evidence of glant cell
trophoblastic transformation, more (59) were recovered from the oviducal
than the cervical halves (25) (P< 0.01). There wes no significant difference
beivesn the total numbers of blastocysts partially or completely trensformed
recovarsd frem sither half (Talles 207,

S The Spzcing of Imnlentation Jites

Mumerical and statisiical dota are presented in Tebles ¥ and 22,

respectively.

closer together than 4id intact
and B (P< 0.001).

Comparisens between ovsriectomised pregnant nice from Ixperiment A
showed that those thet were given <t had smeller intervals then those given

5 mg of progestercne desily (P< 0.01).

=



TABLE 20

TH NUMBER AND DIVELOFPMINTAL 3TATUS OF THI
RECOVERLD FROW THE OVIDUCAL AND CARVICAL

i - W

T INE

EQORN HiLVES

BLAGTCOYSTS

Hours of pregnancy o1} 102 110
Uterine horn half* ov c ov C ov c
(a) Stage of Development Totals
Yithin zonae pellucidaze (ZP) 21 16 6 5 0 0 L3
Nontransformed (HT) 20 4 i2 0 0 0 %6
£3 7 6 3 10 5 ) 6 36
4T 3 b 8 9 9 38
T 0 4] 10 6 19 14 hg
Totals 2 26 ha 2k 3 29 207
(b) Totals in each
uterine horn half
ov C
(i) Totel number of early
blastocysts (ZP + NT) 59 25
(ii) Total number of partially or
complataely transformed blastocysts
(3T +<T + T) 69 54
Summary of Chi 3quare analyses
Source dr X2 P
(1) 1 12.80 < 0.00L
(1i) 1 2,0k = 0.20 (W8)

oviducal half

-
o
b=
I

cervical half
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TEXT-FIG.6. The spacing of ova prior to implantation. Ova were
flushed from the oviducal and cervical halves of
the uterine horns.The actual means were derived
from raw data and the predicted means from the
regression equations.
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Ovariectomised pregnant mice had smaller sites than intact

pregnant mice in Bxperiments A (P.20.00L) and B (P~ 0.00L).

B -__egime_t_ﬁ.

Of the ovariectomised pregnant mice, those given T and % mg when
considered together, had smaller sites than those given 2 mg of progesterone
daily (P. C.0L).

Of the intact pregnant mice those sham-ovariectomised at l% had smaller

sites than those that underwent this operation at 3% days of pregnancy

(P.~0.05}.

Experiment B

Of the mice ovariectomised 2t 3% days of pregrancy, those given

progesterone alone had smaller sites than those that received oestrogen as

well as progesterone (P 0,00L).

TR A E WMo, 2t Sl M el e At NS TRt e Y M Y M A= e e

The mean intervals ¥, were adjusted after the inclusion of their
mean volume estimations ag the covariate X, in an analysis of covariance for
data from Experiment B. The resultant variance ratio was nonsignificant
(Table 22) indicating that differences in spacing distances between
treatments could be accounted for by variation in the size of implantation

sites.

(d) Uterine length

The mean lengths of the uteri of cvariectomised pregnant mice
were less than those of intact pregnant mice in Experiments & (P <0.00L)

and B (P=0.00L).



Experiment_A
Of the intact pregnant mice those sham-ovariectomised at 1% had
shorter uteri than those that underwent the same operation at 3% days of

pregnancy (P ..0.00L).

— e R —

Of the mice ovariectomised at 3% days, those given progesterone alone

had shorter uteri than those given progesterone and oestrogen (P .°0.05).

(e) The proportion of the utering length occupied with implaptation
gites
A smaller proportion of the uterine length was occupied with

sites in ovariectomised pregnant mice than in intact pregnant mice in both

Experiments & {P<0.001) and B (P~ 0.001).

Experiment B

— ™ ™ e i e

Mice ovariectomised at 3% days had a smaller proportion of their horns
oceupied with sites than did those ovariectomised at 3% days of pregnancy and

given progestercne alone (P 0.05).

(f) The effect_of the size of theo implantation sites_on the

—— At A B Te Sy M S st el s A

— e T Y Ll mlT e o e ol e R e

The mean proportions of the lengths of horns occupied with sites
¥, were adjusted after the inclusion of mean volume estimates as the covariate
X, for data from Experiment B in an analysis of ovariance. The variance ratic
remained significant (P 0.00L) and the mice ovariectomised at 3% still had a
smaller proportion of the uteri occupied with sites than did mice ovariectomised
at 3% days and given progesterone alone (adjusted means; O0.45 cf. O.7L,
P ~0.001).

3. Foetal Orientation =t Autonsy
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Humerical and statistical data are presented in Tables 23 and 24,

respectively.

Experiment_A

Of the total of 246 foetuses whose direction was recorded 114, 124 and
8 had their heads pointing towards the oviduct, cervix and at right angles
to the direction of the ubterine horns, respectively.

Foetuses pointing at right angles %o the long axis of the uterine

horns were found only in ovarisctomised mice.

Bxperiment B

Eleven of the 73 foetuses from ovariectomised hormone—treated mice

pointed abt right angles to the direction of the uterine horn.

FACTORS AFFECTING THE SIZE OF THE SPACING TWTERVALS

Horns

The mean spacing distances are given in Table 25 and the statistical
comparisons made are summarised in Table 26.

With the exception of group 5 Experiment B,two-way (intervals with
regard to position and horns) analysis of variance tests vere performed on
each treatment group from both experiments. This type of analysis was used
so that the variation between the horns, which in all cases was significant
(P 0,00 or P<0,001), would not mask variation in interval length. Due
to the faet that there were not equal numbers of intervals for each position,
this was an approximate analysis only.

Reference to Table 25 shows that in general, for every treatment group
there is a progressive decrsase in interval size as the intervals approach

the oviduct. However, as discussed below this effect is due to the
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TABLE 23

THE LOHGITUDINAL AXIS ORIZHTATICH OF FOSTUL

(Fumbers refer to numbers of foebuses unloss ot

Foctal hzad directed towards:~ Joviduet | cervix | right angles”

riment A B
Total numbzr of mice 33 2

" " " fostuses 2h6 § 114 124 8

i " it " ip leFt horas 129 62 65 2

H t L i " right horns 117 {52 59 6

Treatment and oricntaticn

Intact control mice 108 5% 55
Sham ovoriectomised at 1 days 51 25 26
" i 7l days 52 22 50
Cvariectomised progestercne-trented % 11 11 8
H prog. and oestrogen treated

Position in ulerine horn znd orientation

i
Position 1 2 3 L s & 7 8 1
'oetal head dircclted towards: oviduct 25 ol 1k 22 13 9 5 ) 11

) " ! ! cerviz 21 23 3 15 14 10 2 2 16

Tnbilical cords were not btwisted for any of the foztuses recovered.

Foctuses orientated 2t right angles to the long sxls of the nterine horn
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TABLE 24

TH: LOWGITUDINAL AXES ORIGNT.TICH OF FOLTUSES

SUMMARY OF t JUTDzZNT t ¢ THEST

Byperiment 4 {81l foaztuses)
sources af
Dirzsction ¢f ecrientztion a2

(cervix vs oviduct)

Experiment B (91l foetuses)

By inspection 't' test judged HS

t

0.666 (2.042)

* Required for significance zi the 5% level.

P

NS (PL0.05) *



THE MELK SPACH

Fuperiment A

intorvalst

Treatnent aroups

irtact controls

Sham gvarioctonised 15 days

H i i X
P

i " it o
H R o
2, i

1t Foo0d i

B ML IRETRRS

Standard errors caloulated frem individuel noroue vari

included interval numbars nreater

-
5

The first faterval (1) is beiwsen the Tirst and second inplania®ion sites and 50 op un !

W

BPLAITATIOR SITES

=

1,.._ - D.f;
{53}

16,3 5 1.9
119
2.6 + 1.1
{22}
0.4+ 0.5
{23)

L

EONORDINS TG TAEATHMEHT FOR EXPERIMENTS & &MD

b

interval [5Y which

p §

10,7 + 0.6
{23}



SEETS ACCOADTNA Th TOEATHMENT FOR DRAPERUIDEINS & AND B

[N S E

THE BEA SPACING INTERYALST (11 ILL {METRES ) JITH REGARD TO PRSITION GETUTEN WL

£S5 OF ANNIYSES © Hnh

SUMEAREES SISES OF VamiaRly

Experinent A Source d4f  Variance flatis A Conparisens #
{ F b i [§] o R
lntact contrels tnterval {1} :’; L. 718 < 0,41 TR0 vy 15,7 ns 12,6 wvs 133 13.6 vs 17.4 <0.05 2.6 vs T1.7 <0001
Horns (1) 75 6,055 £ 0,00
Pesidual (R} 100
Shan ovaricetonised 17 doys | 4 19,828 < 0,60 2.0 ws 13,7 HS 131 ws 11,2 <0.0M 17.6 vs 1.0 <00 12,6 vs 9.7 ~=0,001
H 28 i7.575 2 N.as
34 112
1 ' 35 00 I 5 s 0.4 13.5 ws 13.4 HS 134 ys 127 e 13,2 wvs 11.F <20 2.9 vs 1.8 20,5
H 28 6,045 <0,001
2 114
fvarx 3% days & g progesterons daily | % 11,059 EEIRLLY 6,7 ve A7 n 6.0 ws  E5 £D.0 5.2 v k.2 £0.000 5.7 wvs kL £0.0%
H o T3.4LD 0,001
i ok
L t v | L £.510 < 0,00 7,5 vs 1.0 1S 7.3 vs k3 <0 6.5 vs 3.5 2000 6.0 vs 3B 005
4 27 3,347 <0.001
B 108
LA R A E ¢ I & 5,261 0.0 3.6 vs 6.5 FEERL 7.4 v 7.0 s T.h vs 6,0 1S T2 ovs 6,7 5
H 27 2T «6.M
2t 108
Experinent D
Intzet gonirsis I 4 16,076 L0, 00 15,2 vs i2.3 <00 12.% vs 13,4 =<0,08] 12.3 ve 0.7 <0.00 2.0 ws 107 <000

I 5y 2,510 <0,201
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comparison of intervals from horns with different numbers of implantation
sites. Inspection indicated that ovariectomy followed by hormone
substitution therapy, had nc apparent consistent effect on interval size
within the horns when compared with intact animals and for this reason
between group comparisons were not made.

2. The Msan Sige_of All Intervals according to the Number of Implantation

Sites in the Uterine Horns

This analysis was performed on data from intact control mice used in
Bxperiment B (groups 1 and 2) and demonstrated that the fewer the
implantation sites the greater the distance between them (Tables 27 and 28).
3. The Mean Sige of the Intervals according to their Position and the

number of Imnlantation Sites in the Uterine Horns

Data were from groups 1 and 2, Experiment B (Table 27).

Intervals within a horn were compared only when the horns contained
the same numbers of sites. The intervals within horns containing 2-3, 4
or 5 or more sites were not significantly different (Table 28).

The progressive decrease in length of the intervals with their position-
ing away from the cervix (Tables 25 and 26) is explained from the fact that
the size of an interval is inversely related to the number of sites in the
horn and the larger intervals are those closest to the cervix.

Jpe The Mean Size of the Intervals accordine to the Vigbility of the

Implantation Sites bordering the Interval

This analysis was performed on data from mice ovariectomised at 3%
days and given about 2 mg of progesterone daily (group 6, Experiment B)
as there wvere about egual numbers of dead and live sites in this group.
The results are given in Table 27 and the statistical tests made shown in
Table 28. The intervals between live sites were not significantly

different from those between live and dead sites. However, the mean
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interval between two dead sites was smaller than the combined means of the

other two groups (P -0.001).

OBSERVATIONS MADE ON FOETUSES AT AUTOPSY

1. Foetal Developmental Age

(a) The effect of treatment on_the_developmental_ages of foetuses

e TSN Ml M E, T Ml TR e e e s e i L - T w—— — e

Foetuses from pregnant mice that did not show vaginal plugs

were excluded {i.e., those from mice with uncertain mating histories).

Foetuses from intact pregnant mice were older than those from
ovariectomised mice (P <« 0.001) (Table 29).

Of the intact mice those sham ovariectomised at day 3% had older
foetuses than those that underwent this operation at day 14 of pregnancy

(P 0,001).

Experiment_B
There were no significant treatment effects on foetal development
age.

Foetuses from Bxperiment B were younger than those from Experiment A

(Table 29).

{b) The effect of position in the uterine horns_on the gdevelopmental

A R S e L e e Tai—ial i g i e )

—_— STt M Y™

— T — T — —

Judged by inspection there was no positional effect on foetal age nor

were there reckoned to be any position~treatment interactions(Table 30).



Irtact canieel nice

i

Shan ovartactonicod i

Ovaciceronised-oragenterone treated

U i
far Teoinsos

Huoan age

Sumnarios of

Wl

TAYME 7€

THE ZERECT 0F TARATMEET O THTAL A

Humhar of Tootusas

ﬂ | £1

¢ goatrogen treated

Tevalopnent

N THT DEVELOPHENTAL MAES OF FOETUSES

54 12.96
1 days ak 12798 = 002

Tron cach experiront 12,06« 005
apalvses of variance - Sourca ilf Yariance Natie F
Freatment 3 70.7% < 0060
Resideal 6
Copparisons  Intact pice {12.98) vs

avary-pren, freoi.

<0, 6

al -
Shan svary 14 {12,720 ws

P ) .
Sham oyars {17+ 35Y {13.03) v

Footuses fram pregaant nice

—
LI

that d

ANAN -G Y

. o Wi and
FECOYERED Qo iy 18,

e

kP

OF PEEGIANDY ®

A AL T

T foeluses Develunsanial soe

3t 12,60 1 1.13

23 12.04 + 1.38
% 1244« 1.0

12,42 & 0.7

SHuren ¥ Yariance Ratio P
Treatnent 2 1.9511 L
Residunt ¥

11,94

PAl N

ehow vaginal pliws wore excluded.



TABLE 20
7 ROSITION IW THD

'NTAL AGEa COF

UTERING TIORNS O CHE
ALL*¥ TOSTUZES (I“ DAYS)

Position in uterine horn 1 2 Z I 5 &
(nunbered from the ceorvix)
Experiment 4
267
12.68(12)
Z.2L(17)

13.12(26)
.,ar. 7\13)
13.21(18)

Intact contrel mice
Shem ovardectomised at 17 days
1t H 4 3;1_ days

1%.06(25)
12.58{12)
1%.28(18)

13, 00025
12.72 (9)
15.30(1.3)

13»}5(1?) 15,23%{13)
1?.,0(30)
(9} 13,2

\i..
1%,15(1.0)

+
13.25 (8)
13.00+0.18

21

12,75 (2)

a live Ffootus.

Lxperiment 3.

of prognancy.

"o.-_’.’ 5

Ovarx-prog. treated o 11 ab (8)  11.83 (6) 12,30 (5)  11.75 (8)
ALY foetuses; means -+ 3,%. é)¥0 10 lQoQij,ll 2.95+0,10 135.02+0,09 2,98ip.15 13,06;9.13
Ho. of foeiuses in each

nosition 60 59 56 50 34 26
Lxperiment B
Intact control mice 12,57 (7) 12.57 (7) 12,90 (5) 12.57 (7) 8 {(6)
Ovarx-prog. treated 12.06(15)  12.65(10)  12.43 (8)  12.33 (6) 30 (5)
Qvarx-prog. + oeutrogeg 12»%1(11) 12.33 (7) 12.50 (7) 12,68 (6) 12 2.30 {5) 12,38 {&)
A1l r0“1$1ﬂu, means with +

3.1, 12,2941 12,5241 40 12.65+41.56 12.50+1.65 12,5842.02 12,5041.87
Ho. of foctuses in each

position 3% 25 20 18 12 14
o3 Bracketed figures sre the pumbers of mice Trom which erch mean is derived.
# Tnst:  represents the last position in o horn (with 2 or more @ites) if the site contained
+ iHzng from combining positions closer to the oviduct.
+b Stondsrd errors derived from individuzl trestment group veriances.
4 bt i " n " the Srror Mean Square, or cabimrte of tetel within variance for
*E Postal weiphts and develovmantal zges ipdicated thot not all mice were killed at 1u; days

Somz Toaiuses were collected from a sacond inbtnct control grovp in EBvperiment which was later discarded

Boecause of insul{icient numbers.

12.9840,11

vA
>

12.00 (2)

12.M642,02
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Experiment B
The position of the foetuses in the uterine horns did not have any
significant effect on their developmental ages (Table 31), and by inspection

of the means Table 30, there were no position-treatment interactions.

2. Toetal Weiprht

(a) The effect of treatment_on the weights of foetuges recovered

T Al e e T ™ !

Experiment A

Foetuses from intact pregnant mice were heavier than those from
ovariectomised pregnant mice (P.” 0.001, Table 32).

0f the intact mice foetusss from those sham ovariectomised at day
3% were heavier than those from mice that underwent this operation at day

1% of pregnancy (P..0.001).

Exveriment B

(b) The effect_of position_in the uterine horns on the weights of

T T T i i e R e T " e st Ta S MR AR, AT e MM T

Togtusegs

il

In neither experiment did the position of foetuses significantly

influence their weight (Table 33 ).

3. The Mean Weights of all Foetuses according to their Developmental Ages

In general the older the foetuses, the heavier they were; the only

exception was that during Experiment B. Foetuses reckoned to be 113 were

lighter than those 11 days old (Table 34).



TABLT 31

FRACT OF POSTTICN IN TH. UTSRINE HORNS

AL AGES OF ALY FOUTUSE

ON TS MaiN DLV ALODH.
(IN DAYS)

SUMARY QF ANALYSIS OF VARIANCE

Bxperiment B (2ll fcetuses)

v

Yariance Ratio

b1y

Source a

( ©<0.05%)

%

0.636 (2.17)* I

o

Position

Residual 127

Bxperiment 4 (8ll foetuses)

By inspection. Variance ratio judged by N3.

*  Required for significnnce at the 5 level.

1



PABLL 32

THE IFFECT OF TRLATMuNT CN Hs WolGHDE OF FC.TUSES RECOVERSD ON DAY 12% OF PREGRANCY*

Experiment A B
o Mean weights (mg . .
Fumber of foetuses . - ER N 6) Humber of foetuses liean welpghts
(with standard errors)
Treatment groups
Intact control mice 103 88,9i2@4 24 6L be2,7
Shem ovariectomised at 1% days 48 76.047a b
[} 1 " 3‘1 dayg ?l 93’2‘:'20"_}'
Ovariectomns et Lo 4 £ IS a !
variectonised~progesterone treated 2 5e9iToo 2a 687434
i "+ oestrogen treated 43 70.h+2. 8
The mean weights for each experiment 2h8 85,0416 99 68.6+1.6
Sumusries of analyses of voriance source df  Variance Retio P Source df  Variznce Reatic P
Treatnent 3 13.171 0,001 Treatment 2 1.377 NS
Qesidual 2uL Residual 96
Comparisons Intact mice (38.9) vs averx prog. treat. (63.9) < 0.00%
am ovarx 13 (76.0) Ve shem ovnrx %5 (93.2) < 0.C00

Sham ovarx (14 + 31) (86.2) wvs controls (88.6)

I

* Foetuses from pregoant mice that did not show veginal plugs were excluded.



TiHE &5f

SR CF FOLITION 1IN

FOETAL L EIETS (f-".LL FPOETIS 55

Position in uterine horn 1 2 3 L

A
LERY
-J

Tast®
Sxperiment A
Humber of foctuses 56 4 58 50 35 27 20 58

Mean weights (with
standard crrors) in mgs 94.Ghrlh.91  101.5044.97 99,%6+5.05 99.50+5.34 106.86+6.44 101.78:7.32 100.80+10.35 101.4145.22

Brperimcnt B
Mumber of foetuses 32 25 20 18 12 1

1.6
Mean weights £5.3142.9% 7143633432 75.25t3.71 70.3943.91 71.00+4.78 65.7%+5.01 68.25+k.15

Sumearies of analyses of variunce Lource df Yarioance astio E
Experiment & Ty b 7 0,730 73]

Residual B
Exweriment B Troatinents 6 G.026 S

Residual 127

o L . o - N " :
Cosition 7 in dsperiment A represents the combined positions of 7, 8 and Q
n & in Experiment B . H i i g, 7 and 8

o Lest  represents the last position du o horn {(with 2 or more sites) if the site contoined » live fostus.

+  Foetol weights and developmental ajes indieated that not all mice were killed at 12) doys of pregnancy.




CRATORTT (VT oM EO0 DR 1V SLOPM URTAL AGes
- . . g i . 1 - -
Develomentzl aze in days 11 11, 12 12 15 1%k

Dxperiment A
Nuabar of foctuscs 18 10 18 10 137 32

Hesn weights of fostuses (in mg)  35.2+1.8 b6.5+41.6 66.741.9 75.5+%.0 36.541.5 132.7+2.3

dxperimeont B
Humibeox of fowtuses 13 5 2% 9 67

oap velshts of fostuses (in mg b7.5+1.5 L5.0+h.5 57.211.8 67.342.2 81.03}.2

Stondord ervors derived from individusl erous voaricnces.
L
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DISCUSSION

e The Spacing of Ova prior to Implantation

Overall, more ova were flushed from the oviducal than from the cervical
uterine horn halves (Table 20). This js interpreted to mesan that there
viere a greater number of ove present in the oviducal halves and not thet
they were more difficult to recover from the cervical halvss. Differences
in numbers of ova flushed from the two halves were greatest at 94 and 102
hours of pregnancy when failure to recover blastocysts due to the initiation
of implantation would be less likely than at 110 hours, when about equal
numbers of ova were recoverad from both halves.

When ova from the oviducal halves were considered there was a significant
negative regression for the numbers recovared with advancing pregnancy
(Text~fig.6, Table 21)., Uhile the eguivalent posiiive regression for the
cervical segmenis was nonsignificant, the results indicate thav there was a
prolonged and continuel shift of blastocysts down the uterine herns which was
not completed in all mice until between 102 and 110 hours of pregnancy. These
results do not agree with stntements by Snell (1956) and ilson (1963} that
ova were spaced shortly after their entry in to the uterine horns.

hen atiention is directed to ithe numbers of ova at each develeopmental
stage at the time of recovery (Table 20), it is apparent that early or non-
transformad (NT) blastocysts that had shed their zonae pellucidae were
usually present only in the oviducal sezpments. This means most ova lose
their zonae vellucidae whilst in the oviducal half and also that they are
5till being spaced after having lest this membrane.

It cam be seen from Table 20 that sbout equal numbers of blastocysts

within their zonze were recovered from each of the uterine horn halveszs. ‘hen



this is considered together with the conciuslon that more blastocysts
lost this membrane while in the oviducal segment it suggests that the uterus
spaces zona-clad and zona-free blastocysts differently. For about egual
numbers of blastocysis within thelir zonae peliucidae to have been present
in either horn segmeni, it would follow that the uterus trunsports zZona-
clad more ravidly than zZona~free blastocysts Ifrom the oviducal to the
cervical half.

Conclusions drawn for the stages of pregnancy vhen ova begins to
implant (page 46, Section I (&) and when they are spaced apvarently contra-

dict one another as both these events take place carly on day 4. This can

be explained however, by taking into a2ccount the variaiion in developmental
atatus of blastocysts from different mice at the time of recovery. It was

assumed yreviously (page M4, Section I(a})that ove were fixed to the uterus
wnen they szowed signs of gizat cell trophoblastic tranzformation and at 94,
102 snd 110 hours 16.5, 58 and 100 per cent, respectively, showed evidence

of such transformation. Of the partially or coitpletely transiormed

plastocysts 69 and 55 wesre recoversd from the oviducal and cervical halves,

[AreS

r.spectively (Table 20). Wnile thelr distribution favours the oviducal

L Fad
§

halves the difference was not significant. However, of the untransformad
or moveable blastocysts 59 and 25 were found in the oviducal and cervical
halves at 9% and 102 hours. This difference was significant (F 0,01,
Table 20). Tous blastocysts showing evidence of transformaiion were about

evenly distributed in each horn while those at an earlier stage cof develop-

3
o

ment were not. It was the late posifioning of the latier class, in mice
where pregnancy was relatively less advanced, that gives the impression that

blastocysts are being spaced st the time when implantation is beginning.

o
i
¢

The conclusion that ova move slowly dewn the uterins horns has two

impertant lmplications. First, spacing was not completed unitil a few hours



[

pricr to the initiation of implantation, and secondly, that nmusculsr contractichns
responsible for the movement of ova need not be vigorous. No precise estimste

of the time interval between spacing and ingslanistion can be made from the
present data, though cva distribution favoured the oviducal half st 102 but

not at 110 hours of pragnancy. ith regard to the force of the uilerine
contractions necessary for ova distribution conflicting ideas are present in

the liierature.

Hollander aznd 3trong (1950} doubted the existence of any agency for the
spacing of ova 'other than the churning of the ulerus and chance distribution!
and McLaren and Michie {(1959) suggested the only mechanism for the spacing
of ova was a ‘'simple stirring brought aboui by uterine movement?, The
former workers reached their conclusion Zrom generzl cbservations made on
1030 pregrnanciss and because of the ocourrence of placental Tusions between
adjacent eumbryos due to close spacing. Hclaren and Michie (1959) observed
that ths injection of 0.0L to C.02 @l of sz2line in the lumen of uterine horns
on day 24 of pregnancy increased the incidencs of placental fusion (tvwo
wlacentae) and reasoned thal the saline partially icanibited the normal uterine

the ulerine contents and

-

contractions, 'leading fto inadeguate siirring e
thersfore uneven distribution of the eggs'. In sup,ort of this explanation
they reportsd weork where donor eggs collected at 3% days nost colium {p.c.)

and introduced into the uterine horns of pregnant recipients ni 27 days pece
usual iy lmplanted near the cervix. The recipient’s own segzs eniered the
uterus aftér the time of transfer and imcisnted nsar to the oviduct and usually

not inbstween the {ranzferred ova. Thiz 'zonation' was again atiributed to

the retardation of the normzl mixing processes brought zbout by the action of
injzeting the eggs in saline.  The interference iz that zonztion is

abnormal znd that norw-lly e2ggs are free to and do, pass onc another during

spacing. However, in the rabblt at least, blastocysts rrobzbly do not move



te and fro past one anciher during spacinge
Boving (1956) found that rabuit ova enter the uterus shortly after 72
hours n.c. and a2t b4 days p.c. the mean location of the blastocysis was 17 per
cent of the distance from the utero-tueal junction to the cervical intsrnal
CSe it 5 days the muen locaticn was 39 per cent of the horn length and
aftzr this time spacing became more gven. The gre=eiest dally progression
of blostocysts down the uterine horn occurred between day 4 and day 5 pecCe.
when the dominant myomatrial contraciion patiern is a high fregquency local
type. There iz a marked reduction in the strength of the utsrine contrac-
tions ceincident with the development of funciisnal corpora lutea (Femolds,
1965), TForceful peristaltic and antiperistaliic myometrial contractions
are seen in the rabbit only during and for time after oestrus (i~rkee, 19h&),
g0 that when ova enter the uterus the myomeirium is relatively inactive.
Oestrogens are effective as antifervility zgents when administered
to wice with intrauterine ova (Martin, Emmens and Cox, 1950; Zmmens and
Finn, 19623 Hartin, 1963; Stone and Zmmens, 1964), and one way in which
estrogens act 1is by cansing siroeng ulerine ceniraciions. In the rat Pincus
(19654d) and rebbit Chang and Harper (1966) the adminisiration of oestrogen

can cause the expulsion of the eggs from the ut:rus. MFurther, when Ldams

e

(1965) progressively eliminated the number of corpora lutsza from pregnant
rabbils, in which eggs had been transierred into the utzsrus, there was a
progressive decline in the number of eggs recovirable from this orgsn. With
the decrease in the numbers of corpors lutea eggs vwere expelled into the
vagina. This effect was thought by Adams, to be due to 2 shift from a
progesterone dominated to an oestrogen deominated myomeirium accompanied by
more forcible uterine contractions. Howewver, osstregen can zlse upset spacing

inz (Gresnvald 1957). Three consscubive

ol

G2

without expelling ova into the w

days of oestradiol treaiment, starting vetween days 3 and 5 p.c., often led



to @ crowding of ovae at elther end of the horns where implantation does not
ordinarily cccur. These data infer that in the mouse strong uterine conitrac-
tions would be neither neaded nor helpiul for srpacing.

Dazpite the fact thuol cestrogen cazn be responzibls for the expulsion
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mice. vhen Smith (1966

@
Q
oty

in vitro in the presenc cestradiol, to the oviducal half of the unterine

3 : ra

horns of ovariectomized-progenterone ireated mice 'id

clantztion sives were
cluztered near the top of the horn'.  However, if the mice received systemic
cestrogen at the time of itransfer they had imalantetion sites spaced along the

horn. To accouni for tThe

.’»3.

dgifferance Smith suggzested that ossirogen acted
to increace the contractility of mycmcirium necessary for blostocyst spacing.
Further it seems likely thot the delayed oestrogen release thought to be
required for imglantation in lactaiing mice, could be razponsible for ova
distribution. Tigure & (Bloch, 1965) shows unspaced blastocysts on day 5 of
pregnancy in a lactating mouse and the delay of around 20 hours between an
injection of cazirogen and the initiztion of implantation (Whitten, 10538)
would =2lleow sufficisnt fime for oestrogen to influsnee spacing.

It iz doubtful that the nervous system plays much pari in the spacing
of ova. 3Bdving (1956) revoried that the provulsive activity of uterus in

the rabbit was not 'neurogenic' but probably 'myogenic' in nature. Further,

reproduction is avparanily normal in rats afier ‘extensive abdominal sympath-

A1lthough no informetion concerning the type of uterine contractions
occurring in early prezghancy in the mouse was found, it secws prebable tha
the myomeiriuwn is susceptible to end would respond in z similar way to

oestrogen and progesterone as in the rabbit. ‘nd as indicated by the work of



as the

- 118 .
tdams (1965) ova transport and spacing in the uterine horns msy depend not so
much on Lhe levels of cesirogen and progesterone al but on the relsiive

levels of botn hormones.
Bdving (1956) postulated that spacing in the rabbit was accomplished
by a hormone-regulated stimulus-effector system. The expanding blastocyst
the uterus acted as the stimulus and the progesicrone-
zffector. Bloztocyst expansion in the
ively much greater than that which

assive role during

which distended
their

Ir =
¥

‘3"

geonditioned u
abbit prior te implancation is relst
occurs in mice and rats. Cva have been accorded =
spacing in mice and the first sign that the uterus has recognised
presence is the Fenitawmine Slue reaction (Melaren, 19663 TFinn and liclsren,
1967) at a time when the blastcocysts are thought to have been spaced.
"¢ are reasons on moruhological rounds to believe that the
this time.  Bioch (1968) obssrved that as
occyst induced the formation of &

Hovever, ther
lastoecyst is recognized belors
an early step in implantation, the bles

the endometrium. fefarence to photographs in 3Bloch's
6, {(Orsini, 1963}, shows thait unspaced ovas in
11though the

formation

pharical
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vpo fTormation.
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there iz added reason to velieve that the ulerus would e aware of thelr
prasence pricr tc spacing. Thus regardless of whether the blasiocyst

presas:xd on the ulterus or vice versa, it is conceivable that the myometrium
may be stimulsted to respond in a similar msnuer ss BHving {1956) postulated
to occur in the rabbit.

2 The Spacing of Implantztion Jites

1

The failure to demonstrate that there were slgnificantly more partislly

~

etely transformed blestocysts in tha

ci—

viducal than in the cesrvical uterine

o]

or COI"'L

horn halves {Teble 2C) means the ovresent results do not suprort lossman's

(1937} hypothesis that implantation is surial, i.e., beginning =t the oviducal

L1150, the {failure to demonstrate signiiicant within wariation for the
develoomental ages (Table 29) or the weights of foetuses (Table 32) according
Lo position, again suggests thalt theres is no ordered progression in the tine
of impiantation and that chance alone detsrmines the positions occupied by the
hlzstocysts that imsleant sarliest.

The dnanility to find a2 positionsl influence on foetal welghts diszgrees
with the results of Hashima (1956) and Mclaren and Hichie (1959) who found that
the foetus clesest to the oviduct was lighter than its neighbour,. The live
foetus in this position in horns with two or more sites was no
lighter or younger than foefuses from any other rpositior in the cxpsriments
described. ticharen and Michie alsc found that foatuses weres lighter in ths
than st either end of the horns. “hile in the vpresent work,
althougil not statistically significant, the heaviest foetuses were found in
the central sreas of the horns. However, Mclaren and idichie welghed
fostuses at 187 deys pe.ce from superovulated mice and Hashime reported that the

pregnent mice in his experiments were xilled 'at the termination of pregnancy!
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est only an indirect estimzte of the time of ova-

oztal weights are at
implantation, and reference to the standard errors (Table 34) shows that

saturss (and therefore reckonsd to be the

iy

fogtuses with similar extsrnal
same age Gruneburg (1943)) often veried considerably in weight. Furthe
more, it is an unproved sssumption that the variation in foetal weight

near term reflects only, or asccurately, that variaticn relating to the

time of implantation. On theoretical grounds it is possible that the growth
rate of a fostus, =specially near term, may depend on its position in the
uterus. ind for this reason it is considered that daiz collected at day 127
should be more suitable for this type of analysis fthan these collected

later on in pregnancy. Purther, the sstimates of the foetal age made,
although apvroximate, did correlate quite well with the foelal weights and

do provide @ direci measure of the time of dimplantavion.

1% can be seen from Teble 34 that the majority of foetuses killed had
their ages set at 13 days, whereas most of these were removed at day 12% of
pregnadcy (or 124 days post coitum}.  Gruneberg (1943) killed pregnant mice
in his euperiments at 0900 hours and assumed that on average the litzers

would be about - of a day oldsr than their nominzl age. This correction

t added to the sge sstimztes in the present sxperimentis,
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days, thet is, 5/6 of a day in advance of their post coital estimates and
would aprear to hav: been about 5/6 of a day ahead in development vwhen
compared with Gruneburg's data. However, in thepresent work, relative and
not absclute age determinations were important.

During @xperiment 4 ovariectomy at 3% days of pregnancy =nd daily
progestercone adminisiration depressed both the weight and the apges of the

Toetuses relative to thos2 found in intzet mice (PL0.001). However,

ovariectomy and hormonal substitution therapy had neo such effect during
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Bxpariment B. These treatment effects observed during Bxperiment A

are
consistent with what would have been expecisd had imnlantstion been delayed.
£1sc mice sham ovariectomiszed at 1F days, probably implanted ova later on
in pregnency than those sham operated on at 3 days. This interpretation
is consistent with other findings, viz., thai the uteri were shorter,

the imgplantation sites were smaller and the body weighis atl autopsy were
less for mice sham ovsrisctomised at 13 than at 3% doys of pregnancy.

Rezsons for the delayed inmlantation are not «nown and tho.:e

occurrence only in znperiment &, are discussed in Section I (page 70).

fnalyses of veriance showed that ovariectomized progestercne treated

mice had immlantation sites that were spaced more closely, sumeller in size

[+
-

2nd that ocecupied z relatively smaller amount of a shorter uterine horn
than in intact pregnant mice (Tables ? and 22). However, enzlyuis of

or Zata from Ixperiment B demonstrated that these

iy

riance tachniques
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Tferences were larzely dependent on site size differences, and did not

f-:'.l

reflect besic differences in the way in which foetu<es were spaced.

The reason for wanting tTo consider velums and intervel paramst~rs
simultaneously in an analysis of covarisnce was that the interval msasurenents

each included the length of one imclentation site (intervals wers measured

a~parent ther that the interval
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size depended largely on the size of the #ites and the analysis of covariance
test, which in effsct removed variation due to site size, allowed concentration
on the parasmster of interest, viz., the distance bhetresn sites that did net
include vpart of the sites themselves.

For the proportion of occunied horn lengih tc be gresmter in lntsct than

in ovarieclomised pregnent mice, it means that the lsrger implantation sites
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occupied relatively larger amount of the gireater hora length. However, when
the size variation of the sites wzs conirclled by including the size as the
coveriate X in an analysis of covariance on data'from Hxperimant B, conly

in group 5, wihich bad significsnitly Fawer implanisiion sitss per mouse

than in other groups ovariectonized on doy 35, was thz varistion in occupied

hern length not all sxplainable by varistion in site size.

The administratlion of cestrogen to ovarlsctomisad progesierons-

o
6

trexted mice (group 7, ixperimsnt B) was essocinted witl increases in si
zize and uterine horn length and nonsignificrnt increases in the spacing
intverval and in the proporiion of the uteri occupied with sites. That Is,

ne ovari-

ted a picturs midway beitwoen ©
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mice that receivad cesitrogen pres:

The Tailure To demonstrale r
cvariectomy =nd hormonal
null hypothesi Eowever,

invalicgnte the null hypothesis.
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foetuses that are

horns are from the

directed at right angles to
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ovariectomised hormene-trsated groups. . fize 3

this unusual
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shovs & uterus prior to the removal of foetuszes orientate

WET . Uteri or sezments of uterine horns that conizined

av right angles were unusual 1n that foetuwzes were packed so i3

horus were rigpid and not Toldsd, in situ.

Lly close spacing in ovarizctomised horamcne

Cther =vidence of abrori

treated mice iz illustroited on Plate IX, foetuses from two uteri (figs. 1 and 2)

ixperiment B}, occupied more &

one implantation chamber. Peetuzes invelved were deformed, miost probably due



to pressure exerted by the annulszr constrictions present between implantation
chambers., For exsmole, the foetus shown in Figure 1 has a depression in its
bagk, while two of those shown in Figure 2 had annular grooves impressed
arcund their heads ané in all three cases the constrictions betveen
implantation chambers are positioned sc as to exert pressure on the fostuses
where the deformations occurred,

Further examples of ex¢essive intrauterine pressure were cobserved
two mice during Ixperiment B (one each from groups 5 and 6) where ithe horns
had ruptured, libsreting foetuses into the peritoneal cavibdy. In the mouse
from group 5 the anterior tip of the left horn had ruptured, expelling the
most anterior foetus zad its maternasl placenta,. In the sccond mouse two
foetuses, one with aad the other withoui placentze, were extruded from an
opening between two implantation sites that contained live fostuses at
avtopsy. All the extruded fostuses were desad.

Thus distances between the midpoints of the sites when foebtuses were
orizntated at right angles tc the direction of the horn were not 2 suitable

measure oi as the dlstances between the edges of the sites were
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LerCe Hor do the midpoint distances reflect an accurate pleture of the

spacing in the other examples of extreme ulerine confinement. The questiion

rises as to whether or not these sxtranie cases o

by

close spacing czn be

s‘_}

censidered as unigue, while spacing was 'normal'! in other ovariectomised

regrant gice. Bvidence that contradicied zn sll or ncne explanstion was

o]

that although foziuses from the ovarieciomised pregnsnt mice in Ixperiment B
were neither lishiter nor younger, they were contained in smaeller, more closely
sced sites than those found in intact mice. £ likely explanaticon is that

the size of the imulaniztion sites was over estimated for intsct mice.
The measured length of an implantation site included ihe length of

the distended norh on either side of the foetus and in most cases was tha



distance betwsen the annul
reason to believe that
in shape than -
a problem in technique.
intact mice at autopsy, th
and zround other viscera.

Tes5,

intervals betueen sit

shortened =nd the

the narrow int=rvals but i

adjacent to the sites caus

the pregrant vierine horns

the sites

ension to straighten the heorns did not bring about

17k

ar utsrine consirictions. However, there is

frouw intact mice were more often elliptical

Tere

This the resylt of

Imuediately on opening the peritoneal cavity of

+ tel
i

e ine horns were seen to bz folded on thamsslves

The horns owed their flexibiiity to narrow

However, aiter excision, the uterine horns

narrow intervaels between fthe sites were oblitersted.

the

return of

nsiesad caused distension of the horn immedistely
ing these to sssume an elliptical shape. While

in ovarisctomiscd mice wers relatively more rigid

and implantation sites were nol usually seperated by ztienusted inisrvals.
Further, a higher proportion of zites were dead in ovariectomised than in intact
mice and intervels between dead sites did not contract in an irreversible way
after excision, Thus the length and volume estimstes, from the assuuption

that all sites were

larger in intsct mice.

The reduction of the

proncunced in intact than
spacing distences between

pacing

¢of the sites on zither sid

not unexpected as the mean
positively relsted to the
sites were shorter than th

flovever, The size of

storter than thossz betusen

the intervals between

vere probably biased in favour of being

interval size zfter uterine excision was more
in ovarizctomised mice. Thiz means that the

sites in intact mice were protably underestimated.

o veried accor the visbilitsy

ing to

e of the interval {(Tables 27 and 28). This was

size of intervels in a horn was dependent on and

-

gize of the zites. The intervals betwveen two dead

g3e bordered by live, one live and one dead site.

tive
that the 1iive

tuo live sites. This suggests



extended further tovards the dead site than it would have had that site been
alive, 48 thias indicates that the positive site-size interval-leugth
relationship was inconsistent, spacing between live and dead sites is not
strictly comparable with thai between twe live sites. FPurther, because

whe spacing intervals between dead sites were reversibly, and those

betueen live sites lrreversibly shortened after uterine excision, comparisons
of this sort should not be made. This raisess objections to the type of
znalysis carried out in the present work.

Vhereazs in both experiments about 92 per cent of the sites in intact
mice were alive, 8.5 and 62 per cent were alive in ovarieciomised hormone-
trzated mice from fZvwperimznts A and B, respectively. Thus, in sxperiment A
and Lo a lesser extent in Lxperimeni B the spseing of dead sites haszs been
compared directly with that of live sites.

It is nprobable then that implantation sitess were more closely spacad
in ovariectomised hormone ireated mice than in intact mice. bvidence for

his conclusion is bazed onj 1) the unmistakable fact that the implantation

o+

ites in some mice were very cleose together, resuliing in the right angle

A

risntation of the fozital lengitudinal sxis, foetal occupation of more than

8]

il

one implantation chamber and the rupture of uteri. 2) Con tion of the
spacing interval at sutopsy occurred more Ifrequently in intact mice and
probebly led To a dispreporiilonaie reduction in interval size when comparsd
with ovariectomised snimals. Also spscing between sites of differing
viability was not sirictly comparable, and the proportion of dead sites in
ovariectomised mice was higher than in intact nmice. %) The distoriion in

ne uterine

ok

the shape of the implantation sites, produced by straightening

tact than in ovoriectomised mice
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horns, mors often encountered

e length znd volume measursuents. This jed to the
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questionable conclusion that lerger sites occupy a disproportionately
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larger amount of horn and allowed pracvically all veriation in interval length

to be exvlainsd in tarms of volume variation.

The uterus in ovariectomised rats exeris considerable pressure on

foetuses vresent {(Jelye et al., 1935; Zeiner, 1S4%; Carpent, 1962).

1

Carpent considered thai the increased pressure was due to 'uterine hyper-

r—,_,

icity! end noted that this often caused gross deformations in surviving

fostuses consistent with changes expected from cofipression. This author also

expelled from the uterus inio the peritoneal

Wer

{f

obsarved that some foatuses
cavity after ovariectomy on day 12 of pregnancy. Tterine hypertonicity
avpeared to nave been caused =sither by the zbzence of, or an imbalsnce of
supplied oestrogen and progesterone. Hyzehysectomy and pituiltsry trans—
plantation during pregnancy in the ral, whether sccompanied by exogenous

hormonsl substitution therspy or not, did not lead to uwlaerine hypertonicity

in
be due either to the fallure of ova to be spread cut along the uterine horns,
or to the failure of the intsrvels betwsen the sitez to grow during pregnancy,
fects. As sxogencus cesirogen given at the

ove transfer in Smith's (1965) work countsrzcted the crowding sffect

2nd embryos were spaced throughout the horns, failure of adeguate ova

js N
i
-5
A
]
!.l
(4]
{i
i
ot
'...l
fu i
13
w1
L£]
[0
O
L]
'
{
-
1_
C"
)
T
O
put

In the presSsnt sxzperiments thsre wzs

the uterus Lo grow sund distend adequately throughout .on in ovariectomise

]
o
€]
ok
e
133
!_l

'3"

Formoneg=-trsated mi This cendition appears very similar to the 'uterine

0

a



vrogesterons (group 7, Sxperiment B) was assoclated with larger sites and

5

- - - . . f
longer uteri than theb which weas limited to progezterone alone {(group &,
Expaerimzat 3). Thus cestrogen provably stimulsved uterine growih.

rated thati nice cvarieciomisad on

one dally often showed irregular close

thrt The close

spacing on days 7 or 8 of pregnancy.

spacing obsaervad in the current experiments may have been due to inadeguate
dispersal. as well as to the failure of the uteru: fo grow and expand with
the enlarging foetuses.

BYving (1956) argued that the even or newrly sven spacing of ova
pricr to implantstion feund in the rabbli, implied =2 stimulus-effector
systen and that a random distribution suggested thel the vlmstocysts
played a passive role and vient where they were driven. However, it becomes
difficult to know in ths event of uneven spacing how uneven it should be
before it is randoin. ind on theoretical grounds at least it would be
possible to have ordered uneven spacing in which blastocysts usually implant
at a compatible distance from cne another to make good use of the available
length of uterus. The likelihood of ordered uneven spocing in the mouse
vould eppear to be higher than in the rabbiv for at the time of implantation
the sum tetal length of the blastocysts in 2 vierine horn is less than

2 per ceni of its length while it is aboui 15 per cent in the rzbbit (BHving,

However, no detziled information is available as to how regular

spacing is st the time of imglantation in the mouse. And when attenpts are

'(')

made to estimate the eveness or otherwise of spacing at 124 days of pregnancy

factors other than the position at which the embryos first oeccupied confound
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estimations.
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Contractions of the sxcised horn, as recognized by Bloch (1966)
pradispess to even spacing and place emphasis on the size of the sites rather
than on the Intsrvals between them, as occurred in the preseni experiments.
Further, it has been suggested that a variable growth rate of different parts
of the uterine horn during gestation (Frazer, 1995), and especially acceleratoed
growth in the region of the embryo, would make it inevitable that foelfuses
would become spaced about equidistant from their neighbours (Reynolds, 1965),

jnother important influence is the number of sites that a horn

contains.,  Hollander and Strong (1950) and Mclaren and MHichie (1959}

ohserved that as the anumbsr of sites in 2 horn increased so did thes incidence
of »lacental fusion. This, these vworkers consldered, was evidence of
irregulsr spacing. The corcllaryto this was alszo true, that is, spacing

became more irregular as the nuwmber of sites in 2 horn increzsed. The averszgs
rate of placental fusion in 1080 pregnancies was 1 in 125 eubryos and for

horns containing 9 or more sites it was 1 in 40 embryos (Hollander and Strong,
1950).

Spacing measurements from intact mice showed that there was an inverse
relationship between the number of sites in a horn and the interval lengths
between them (Tables 27 and 28), If the assumption that the contraction of
the horns after excision was uniform throughout their lengths is allowed,
then the conclusion that the sizme of the spacing intervals in the horns with
the same numbers of implantation sites are not significantly different Ffrom
one ancther (and are therefore even) can be sustained.

thile differential uterine growth during pregnancy could 'space'
implantetion sites (Reynolds, 1965) it is considered unlikely that this alone
would account for the inverse relationsiip between the size of the spacing

disztances and the rumber of imnlantation sites in the horns. Hor is it likely



that the even spacing of sites, sspeciclly in horns with four or lsss siles,

is due soley  to differentisl uterine growth. Close spacing is unusual whan
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gguidistznt from one another. The inference is tl
¢ysts in the horns the Further apart they are spaced. It is difficult to
see now this could hap.en in the absence of a purposerul blestocyst-uterine
invaraction during spacing.

frozer (1955) found in the rai, that if there were more then five sites
in a horn they were svenly spaced along tae horns at 9 days p.c. Houszver,

i there were five or less sites then the mean centre point was closer To

the cervix. Thus the number of awbryos mey determine both the distance at

ﬂ“;

vhich they ars spaced spart end the region of the horn they occupy.

It is =asvantagecus for ova to be spaced =t a reasonable distence from
ocne anothar, The survivel rate is low and there is & reduction in the weight
of foetuses whose placentse are fused in the crowded horns of superovulated
mice ({clzren and Hichie, 1959). Az reasoned by Hayer {i960) the fact that
ova can and do implant very clese fogether in superovulsted mice make it
unlikely that spaced predetermined sites for blastocyst imalanitntion exist.
Hovever, Orsini (1963) found that increeses in vascularity, and implantstion,

in purous mice occurred between the vlacentsl scars of the praceding

‘g
*‘S

Thiz sugzests thit some areas of the uterus may be more favourazble,

rather than pre for imclantation thsn others.  Shelesnyak (1966)
has argued that in the rat, there are specific regions of the uterus set

aside for decidua Tormation and that the blastocysis are attracted to thzse.
Nonlocalized decidualizing ztimuli in wseudopregrnent rats and wmice (Finn and
Finchliffe, 1964) con result in the formation, initially, of discrete

declduomata that are spaced along the horns. Further, Covpola, Ball and
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Brown (1965) claimed to have observed spontaneous deciduomata formation in
pseudeopreznant rats that also first appeared as localized swellings. However,
other workers (Psychoyos, 1966a; Finn, 1966b) considered that the uterus
was uniformly sensitive to decidualizing stimuli throughout its length.

Taus while there is reasonable evidence that blastocyst spacing is
influenced by thelr number present there may also be favourable and less

favourable regions of the uterus for implantstion.
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SUMMART LMD CONCLUSIONS

Frior to imrlantation ova were found to move slowly and progressively
down the uterine horns. 3pacing was not completed in the present experiment
in all mice until sometime betiesen 102 and 110 hours of pregnancy. The number
of ova implanting in the oviducal and cervical horn halves were not
stetistically different.

More ova lest their zonae pellucidas while in the oviducal half than
in the cervical half of the uterine horns. NonitransTormed blastocysts were
still being spaced after the loss of their zonae.

Hild wterine contractions would have been adequate fto distribute ova
throughout the uterine horns in the present experiment. Revievied work suggested
that the strength of the uterine contrsctions devended on the balance of
circulating oestrogens and progesterone (Reynolds, 1965; .idams, 1965; Smith,
1966 .

There are two reasons why pre-spaced blestocysts may play an acltive part
in an inter-relationship with the uterus to effect ordered spacing. TFirst,
blastocysts may undergo alternate contraction znd expansion during spacing
(Bection I {(2), page 18) and secondly, prior to spacing blastocysts were
able to induce ubterine crypt formrtion (Bloch, 1966). Bither process could
provide the blastocyst with 2 means of communicating its presence and position
to the uterus.

Byidence was not found, either in intact or in ovariectomised hormone-
treated mice, to suggest that ova jmplant in a definite positional order in
the uterine horas.,

The number of implantaztion sites in the uterine horns of intact mice was
inversely related to the size oi the spacing distances between them. The size
of the spacing distances within uterine horns with the same number of implanta-

tion sites were not significantly differeni from one another.



Implantation sites were more closely spaced in ovariectomised hormone-
treated than in intact mice. Failure to demonstrate that this differ=snce
was statistically significant was probably due to tecbnical problems. The
net result was that variation in the size of the implantation sites masked
variation in the size of spacing distances betwezn them. FPregnant nteri from

ovariectomised mice that received both oesirogen and progesterone reasembled

more closely those from intact mice than those of ovariectomised progesterone-

treated mice.



EXPLANATION QF PLATES

1. £4n 86 hour blastceyst within its zona pellucida (ZP), The zona is in
contact with periphery of the btlastocyst (size, outside diameter of
2P 120 u}. x300.7

Ze A Ok hovr blastocyst within its zona pellucida. There is a gop (arrow)
betwesn the blastocyst and its zona (cf. fig. 1J). %300.

3. fn 86 nour blastocyst free of its zona pellucida. This is an example

of a ‘contracted' blastocyst. Note thst the blastocoele is not
distinguishabls and that it is smaller than hlsstocysts within their

zonae. (size, diameter 70 and length &0 u). x 300.
b, A 9% hour ‘contracted' blastocyst.

5. A 102 hour bhlasteocyst less than one half tranzformad. There is a
distinct projection at the abembryonic pole (arrow). Giant cell tropho-
blest transformation has just begun at this pole. (ICH = imner cell

mass). %300,

G A 110 hour blastocyst less than one half transformed. Giont cell
trophoblastic trensformstion having begun at the abembryonic pole (arrow).
This blastocyst shows an expanded form. {(size, diameter 130 and

length 170 u). x300.

il = |

ifferent microscops than the oms with which
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*  Cva were photographed with = ¢
they were messured znd the magnificaticn given Is approximete only a3 the
transfer.

ova may have moved in the szline drop durin
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& 102 hour blastocyst lazss than one hall transformed from the same
tiouse as figure 5, PL. I. lote again how the cells at the abembryonic

pole are organised to form a projection (arrow). %300,

4 102 hour blastocyst less than one half traunsformed. lote the debris

(arrow) adhering to the abembryonic pole. %300,

4 118 hour egy cylinder. ¢ = the region of the ectonlacental cone;
PC = the prospective region of the proannioctic cavity; Tr. =
trophoactoderm; UG = wuterine epithelium, %300,

A damaged 118 hour egg cylinder. The trophoectoderm'has been lost

during recovery. x300.
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PLATE II1

4 9% hour blastocyst during blastocoele formation. Two blastomeres
have cavities {(arrows) which probably coalesce during the final stages

of cavitation. ICH = inner cell mass; ZP = zona pellucida. x550,

£ 94 hour blastocyst showing no signs of giant cell transformation

(size, dismeter 70 and length 90 u). x777.

L

A 110 hour blastocyst fully transformed. The trophoblastic glant cells
have all but obscured the blastocoele (Bl). (size, diameter 80 and

length 150 u). x550.

£ 118 hour esgg cylinder with adherent uterins epithelium {UZ) on the
abembryonic pole Em. &Ect. = embryonic ectoderm; Ex. iet. = extra-
embryonic sctoderm; PC = proamniotic cavity; Prox. Ent. = proximal

entoderm. {(size, diameter 100 and length 180 u}. x550.
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PLATL IV

A 110 hour blastocyst less than one half transformed. ICH = dinner

cell mass; AP = abembryonic pole. x427.

A 110 hour blastocyst, from the same mouse as figure 1, more than half
though less than fully transiormed. Note the irregvlar outline of
the abembryonic pole. x427.

-

4 blastocyst recovered at 12} deys from a mouse ovariectomised on day 3%
and given daily injections of vehicle during Zxperiment 4. While

there are no typical signs of trophoblastic trensformation, the individual
trophoblast cells are outlined more c¢learly than in blastocysts under—
going continucus develooment (c¢f. Pl. III, fig. 2)., This blastocyst is
unusually large for its state of development, i.e. diaﬁeter 120 and

length 180 u . xh27.
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& 128 hour 'top' shaped fully trunsformed blustoeyst. The trophoblast

cells ot the adeuwbryonic wole (AF, are crzenised to form a .oint. The
size of the blustocyst is .ituin the expected ranye (diameltzr 120 and

length 160 w). xh27.

& 102 hour 'abnormal blsstocyst'. Blastocoele (B1l) formeticn would
zwpear to be wnusval. The celiular lmob on the left of the figure

has a .aall cevity (orrow) ond is connected to tho rest of the

"wlestocyst! by a stels (3T).  ‘The blastocyst i: smeller than usual

(diameter 40 and length 120 u). x733.

in unidentifizd ebject racovered “rom 2 mouse 113 hours progrent. It

is distinctly cellulsr in m

up @nd is 50 uw wide =nd 140 u long. x733.
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PLATH VI

in unidentified objzct from a mouse pregnent 70 hours. This object
bears little resemblance to other unidentified objects and to a late
morula present in the same nterus (size, 60 u wide and 130 u long).

x 592.

HMaterial flushed from the uterus of same mouse as the object in figure 1.
The round 'cells' may be secretion droplets adhering to utcrine debris.

x 532,

A blastocyst recovered at 12} days from the uterus of.a mouse overi-
ectomlised at, and given no further treatment from\ﬁﬁ days. This blastocyst
does not show typical changes associated with giant cell transformation.
The trophoblast cells are c¢learly delineated and swolleﬁ in their central
regions. This blastocyst was recovered from the same mouse as the

'hlastocyst' shown on Plate VII, figure 2. x650.

A 110 hour blastocyst, less than one half transformed. The blastocoele
has collapsed, piving the wrong impression that transformation has

proceeded to the inner cell mass (ICH) along the lower border. xh27.
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An unidentifisd object recoverad from a mouse 110 hours pregnant. Tt is
cellvlar in make up, smaller {(diameter and length both 70 u) than normal

blrstocysts and has a distinct cavity (C). x787.

in abnormal 'blastocyst' recovered at 121 days from a mouse ovariectomised
at, znd given no further treatment from %% days. It is smell (diameter 50
and leagth 60 u) and has no obvious inner cell mass, but is distinctly

? W

vesicular (¢ = cavity). 2787.

An unidentified objecet recovered from z mouse 102 hours pregnant. The
object is cellular and has two distinct cavities (C) and is small

(dismeter 43, length 90 u). x787.
An unidentified object recovered from ithe same mouse as the object

shown in figure 3. The object is cellular with no evidence of cavitation

(diamoter 40 u, length 130 u). x787.



PLATE VIT




ZLaTE YIIT

. -
—t,

A 12% day uterus from a mouse ovarlzctomised at 3 days and given 2 m

of progesterons in vehicle daily. Hote the crowded regions of both
uterine horns thzi contain the fostuses and the thin unoccupisd regions.

T
3
i
3

Turther, the occupled segments igld in shepe and did not contract

on excision and moderate tension failed to straizhten the right horn (RH}.
£ horn (L3) numbsrs 3 and 4 (numbered
the seven in the right horn nomber 2

wian dead. The fifth foetus in the lo7t horn and numbers 1 to & in the

right were orisntated so that their long axes were at right angles Lo,

and nov as iz usual parallel to, the dirsction of the uterine horns.
Fartisal placental fusion was present and septa beiween imelantziion chambers

. F . . - . - .
L 125 day uterus from an intact untrected control mouse. The implantation

- . . -1 . . . n
A4 Jormalin-fixed 12 day uterus from a mouse ovariectomised on day 3% and
given 7 mg of progesterone in velicle daily. There were no living embryos

in either horn. It is difficuli fo accurately count the number of

o
s
&
e
|_.r.
=
O
L]
(]
jut
“
ot
=
i. de
O
fad
F_.I
o]
o]
43

implantation sites in such horns ss the betwsen sit

3

were often absent. 3otk horns contsined confluent coagulated remsins of
either pertially resorisd and recogiizable or unrecognizable conceptual

remzins. 2lthough this mouse had a closed cervical canal the form of

the ut:rus is similar to those seen in aborting mice,



(b & ¢) Formalin-fixed 12} day uteri from mice ov-riectomised on day 3% of
pragnancy and given + mg of progesterone in vehicle daily. Hote that

the size of the implanietion sites are smaller than in figure 3(a), and

v

T

:lso that the spacing is drregulzr., A1l embryes in both mice were dead
end being resorbed.

The scale shown is in cnms.
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The antericr wvortion of the leit uberine horn and live fostus removed

2t 124 days from a mouse ovariectomised at %& days of pregnancy and

given about 2 mg of progesterone daily. Thne Ffostus occupied the tvwo
implantation chambers shown directly beneath it. The placentz of

the 1live fcelus is based on ths chamber on the extreme right of the
Mgore dmplicating this as the site of imilantetion. Hote the
depression of the foetuses back fThat resulied from the pressure exerted
by the utervine constriction peiwzen the two cccuidied chambsrs, The

Toctus welghed 97 ag and had & developmentnl age of zbout 12 days.
(=] P fin] J

“

Three fostuses arrenged In series recovered Irom the same ulerine horn

at 127 dsys from a mouse ovariectomised at day %: of pregnancy aand

given about 2 mg of progesierone daily., The smallest fosztus occupled
the position closest to the cervix and in order from the left to right,
weilshed 17, 59 and 60 mg and had developmental azes of about 9,‘11 and
11 days, respectively. Of note are the uwishapen heads of (2) and (b)
cf. with (c) and PL. X. The heads were found to eztend from their
native chambers into the adjacent chombers and bhe uterine consirictions
normally slignsd beiween foetuses exeried pressurs on ths foetsl heads

to cauge forw:iion of the annular grooves (zrrows) shown.

Eal

Seale in oms o corresyond with fizures 1 and 2.



PLATE TX

(@) {b) €

(TR



PLATI X

Twe foetuses recovered from the left uterine horn of a mouse {No. 77)
sham-ovariectomised on day 1} of preghancy. These foétuses have the
external features and crown-rump length measurements charactgristic

of the day 14 of pregnancy; foetus (a), weighed 171 and (b), 181 mg.
These foetuses are about one day older than would be expected if
autopsy was at day 123 of pregnancy (ef. fig 2). This discrepancy
resulted from the time of mating in the absence of a2 vaginal plug being

dated one day too late,

Adjacent foetuses recovered from a mouse (No. B4) -at day 127 of pregnancy
after sham ovariectomy on day l#. Foetus (a), weiéhed‘89 and {(b), 9% mg

and both had external features and crown and rump lengths characteristic

of about 1% days as did the majority of fostuses recovered from both

experiments A and B at 123} days of pregnancy.
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PLATE X1

Two foetuses racovered from the left uterine horn at 127 days from a
mouse (No. 22) sham-ovariectomised on day 13 of pregnaﬁcy. There is
a difference between the developmental ages of the foetuses of about
one day. The body, weights and ages of foetuses (a) and (b) were 77
and 57 mgs and about 127 and about 113 days, respectively. is other
foetuses in the uterus were aged about 123 days it is evident that

foctus (b) is delayed and not foetus (a) advanced in development.

Adjacent foetuses recovered from the left uterine horn at 123 days from
a mouse {No. 33) sham ovariectomised on day 13 of“preégancy. Foetus (a),
weighed 95 mgs and had a developmantal ase of abou% 15wdays, while the
retarded foetus (b), weighed 32 mg and was about 11 days old. The

six other foetuses in the litter weighed betueen 76 asnd 93 mg and were

about 127-13 days old.

Scale for fipures 1 and 2 in cms.
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