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ABSTRACT

Triploid human embryos are believed to account for up to

20% of all first trimester spontaneous abortions with a

numerical chromosomal abnormality. This group of

polyploid embryos therefore gives rise to a significant

proportion of human pregnancy wastage. It would appear

from cytogenetic studies of human triploid conceptuses

that 85% of human triploids are of diandric origin and

only 15% of digynic origin. Some of these genetic

conditions are of considerable clinical significance,

since the placentas of human diandric diploids and

diandric triploids show 'complete' and 'partial'

hydatidiform molar degeneration respectively. Since the

number of human triploid conceptuses obtained in any one

centre is generally very limited, and their pre- and

early post-implantation stages are simply unavailable for

analysis, suitable animal models have been developed to

study these genetically abnormal conditions.

A study of these triploid conditions has been

investigated through the analysis of the appropriate

mouse models produced by the experimental techniques

indicated below. The relationship between the genetic

constitution, morphological appearance and developmental

fate of these various types of triploid embryos has been

investigated in this study.
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One of the most informative models we have used is the

LT/Sv strain of mice, which regularly ovulate primary

oocytes, which are capable of being fertilised and

produce digynic triploid embryos. We have also shown

that by the administration of exogenous hormones to this

strain of mouse the incidence of ovulation of primary

oocytes can be increased. It has also been observed that

maternal age of the mouse was important in relation to

the incidence of primary oocytes ovulated. At 6 weeks

old up to 50% of the oocytes ovulated were primary

oocytes, significantly lower levels were observed when

females were examined at 12, 18, 24 and 30 weeks of age.

We have also been able to produce digynic triploid

embryos in F1 hybrid female mice by the administration of

an intraperitoneal injection of Cytochalasin D, which if

given at an appropriate time after Human Chorionic

Gonadotrophin (HCG) administration, will inhibit the

extrusion of the second polar body following

fertilisation, and result in the production of up to 18%

of digynic triploids.

The use of standard pronuclear micro-manipulation

techniques has enabled us to produce diandric triploid,

digynic triploid and heterozygous diandric diploid mouse

embryos, all of which we have been able to identify by

the use of 'marker' chromosomes. The male mice are

homozygous for a large metacentric 'marker' chromosome, a

Robertsonian translocation involving chromosomes 1 and 3.
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The presence of two large metacentric chromosomes, for

example, in a triploid metaphase chromosome spread would

indicate that it was a diandric triploid.

The sex chromosome constitution of digynic triploids from

LT/Sv strain mice, diandric triploids and heterozygous

diandric diploids produced by micro-manipulation

techniques have been examined to see if there is any

relationship between the sex chromosome constitution and

the morphological appearance and developmental fate of

these embryos. It was found in the digynic triploid

embryos that the overall XXY:XXX sex ratio of the 120

triploids examined was 1:1, as was expected, and no

obvious effect of sex-chromosome constitution on

development potential was observed.

In the analysis of the diandric triploids, the ratio of

XXX to XXY embryos was close to the expected ratio of 1:2

and no obvious effect of sex chromosome constitution on

developmental potential was observed. However, the

development of the XYY class appeared to be restricted,

at the stage of gestation analysed, in that no embryos

with this sex chromosome constitution were observed that

had progressed beyond the early somite stage. This

observation would seem to agree with the situation found

in man where the 69 XYY class of triploid is only rarely

encountered, and it has been assumed that these triploid

embryos are probably lost at a very early stage of

gestation.
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All of the diandric diploid embryos examined

cytogenetical1y had an XY sex chromosome constitution.

This report is interesting in that it is similar to the

results of the chromosomal analyses of the human complete

hydatidiform moles of dispermic origin, all of which

apparently have an XY karyotype. It is unclear why, both

in the human and in the mouse, the XX diandric

heterozygous diploid group should develop poorly compared

to similar embryos with an XY karyotype.
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1.1 The incidence of spontaneous abortions in the human,

It has been recognised that chromosomal abnormalities

are among the most important causes of the high

mortality rate in human reproduction. The estimated

incidence of human spontaneous abortion is about 15% of

all pregnancies (Roth, 1963; Warburton & Fraser, 1964).

Carr (1971a,b) thought that this could be a grave

underestimate of the real frequency due to the early

embryonic losses which might occur without the women

being aware that they were pregnant. Roberts & Lowe

(1975), for example, have postulated that 78% of all

human conceptions were lost, most of them occurring

before the first missed period. A method of diagnosing

early pregnancy by a rise in B HCG levels in urine was

used by Edmonds et al., (1982) who found that the

early post-implantation pregnancy loss rate was 62%

(implantation occurs 8-9 days after fertilisation).

Early studies by Hertig and co-workers in the 1940's

(for review, see Hertig, 1967) showed that not only was

there a high rate of spontaneous abortions in the human

but a large percentage of these spontaneously aborted

embryos were morphologically abnormal. They concluded

that early embryonic loss was mainly linked to defects

in the embryo and not to maternal factors. This

conclusion was confirmed by other pathological studies

on abortuses by Mikamo (1970) and by Miller & Poland

(1970) who showed that the frequency of abnormal embryos
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encountered was related to their developmental age.

Thus in early abortuses lost during the first month

after fertilisation, over 90% have morphological

abnormalities, but this level decreases when

developmental arrest occurred later in the pregnancy.

These studies showed that intrinsic embryonic defects

are the main cause of early spontaneous abortions. The

subsequent discovery that congenital malformation

syndromes may result from chromosome anomalies led to

cytogenetic studies seeking to establish the aetiology

of human pregnancy wastage.

There has been great difficulty encountered in

evaluating the incidence of chromosome abnormalities at

and after conception. The main problem has been the

collection of a wide range of specimens to allow

cytogenetic surveys to be undertaken at different stages

of development. The collection of embryonic material

during the first two weeks of development is technically

almost impossible. Most spontaneous abortions occur

during the first trimester of pregnancy. In these

abortions the developmental age of the embryo is

generally less than 8 weeks, and the embryo is

frequently retained in utero for some time after its

death, which may be as long as 7 weeks after the arrest

of development (Boue, Boue^ & Lazar, 1975). A large

number of publications have reported chromosome

abnormalities in spontaneous abortions (see, for

example, Carr,1971 a,b; Boue & Boue,1973a,b; Creasy et
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al., 1976; Lauritsen, 1976; Carr & Gedeon, 1978; Hassold

et al., 1980; Kaj i i et al. , 1980; Warburton et al.,

1980a; Meulenbroek & Geradts,1982). The majority of

surveys are based on the cytogenetic analysis of

hundreds, and in a few cases thousands, of specimens.

The frequency of chromosomal abnormalities in

spontaneous abortions has varied greatly from one survey

to another, there are several reasons for this:

i) In some surveys the number of induced abortions

included in the data is low, whereas in other

surveys this is not the case. Thus in studies

with a small sample size this could lead to

distortion of the results.

ii) Many early spontaneous abortions occur at home

where the specimen may or may not be collected by

the patient while others occur in hospital.

This reflects different ways of sampling and hence

a selection of material for analysis.

iii) Differences in the distribution of gestational

ages at abortion and especially in the number of

older fetuses in some studies leads to differences

in the overall frequencies observed.

Boue & Boue (1973b) showed that the incidence of

chromosome abnormalities is greater than 60% in

abortuses of a developmental age less than 7 weeks, and

4



then decreases. Whereas in other studies the incidence

of chromosome abnormalities was evaluated in relation to

the gestational age of the abortus, being calculated as

the time from the first day of the last menstrual period

to the day of abortion. This gestational age is usually

relatively easy to determine, but is dependant on the

variable time of in utero retention. The results of

four large surveys (Creasy et a/., 1976; Kajii et al.,

1980; Hassold et al., 1980 and Warburton et al., 1980a)

showed that in abortuses of 8-16 weeks gestational age

the incidence of chromosome abnormalities was about 50%

and then decreased significantly. But in the early

abortions, of less than 8 weeks gestation, the rate of

chromosome abnormalities was surprisingly low. This

result was unexpected as the incidence of chromosome

abnormalities in spontaneous abortions based on

developmental age showed that the highest frequencies

are observed in embryos less than 8 weeks of

development. It was suggested by Warburton et al.,

(1980a) that this low rate may be a result of the

tendency to retain embryos with an abnormal chromosome

constitution in utero for several weeks after

implantation. Also in two of the surveys a large number

of late abortions were collected. Thus Creasy et al.,

(1976) found 11.7% of chromosome abnormalities at

gestational ages over 20 weeks, and Warburton et al.,

(1980a) found 6.6% chromosome abnormalities at the same

stage of gestation.
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1.2 The types of chromosome abnormalities found in

spontaneous abortions.

Throughout all of the different cytogenetic surveys

carried out on spontaneous abortions, it has been shown

that the relative frequency of the different types of

chromosome abnormalities encountered has been similiar,

Table 1.1 shows the different types of chromosome

abnormalities and their relative frequencies.

The most frequent chromosomal abnormality is autosomal

trisomy which accounts for about 50% of all observed

abnormalities. The use of chromosome banding techniques

has enabled the accurate identification of all

chromosomes involved in trisomies. Trisomy 16 accounts

for a third of all autosomal trisomies, the next most

common are trisomy 21 and trisomy 22. It has been

noticed that a high percentage of trisomies are found in

relation to chromosomes with heterochromatic polymorphic

centromeric regions, and there may exist a causal

relationship between the presence of these

heterochromatic polymorphisms and the occurrence of

non-disjunction (Meulenbroek & Geraedts, 1982). In

recent years, with the increasing use of chorionic

villus sampling as a method of prenatal diagnosis, it

has been noted that in about 1-2% of human gestations

there is chromosomal mosaicism confined to specific

placental tissues (Kalousek, 1989; Kalousek, Barrett &

Mc Gi11ivary, 1989 ).

6



Table 1.1

The frequency of the different types of chromosome
abnormalities found in human spontaneous abortions

Chromosomal

abnormality
Percentage incidence
of abnormality

Monosomy X

Autosomal Monosomy

Trisomy

Triploidy

Tetraploidy

Translocations

Mosaicism

Others

20

Extremely rare

51

16.5

6

A

2

0.5

Total of 2085 karyotyped abortuses from the cytogenetic
surveys of Boue et al (1975), Carr (1977), Creasy et al
(1976), Hassold et al (1980a), Kajii et al (1980),
Warburton et al (1980a), as reviewed in Boue, BoueT & Gropp
(1985).



Autosomal monosomies have been rarely reported. The

very early loss of conceptuses with autosomal monosomies

would seem to be the most likely explanation for their

rare appearance in spontaneous abortion surveys and this

is supported by the experimental data on mice (Ford,

1972; Gropp, 1978; Gropp & Winking, 1981).

There are four possible times when meiotic errors

might occur which could be the mechanism for production

of trisomic conceptuses;

a) Paternal meiosis I

b) Paternal meiosis II

c) Maternal meiosis I

d) Maternal meiosis II

Errors relating to each of these possibilities have been

observed, but it is in the maternal first meiotic

division that the great majority of the errors occur

(Lauritsen, 1976; Niikawa et al., 1977; Hassold et a/.,

1980; Meulenbroek & Geraedts, 1982; Mikkelsen, 1982).

These meiotic errors manifest themselves in

non-disjunction of a pair of chromosomes during meiosis.

There is a well established maternal age effect

associated with non-disjunction in man. This was first

demonstrated for Down's Syndrome (trisomy 21) by Penrose

( 1933).

In all the cytogenetic surveys of spontaneous abortions,

monosomy X represents 15-20% of the chromosome

abnormalities encountered. The majority have a pure 45,
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XO karyotype, whereas Turner's Syndrome women frequently

have a mosaic karyotype. The mechanisms leading to

monosomy X are unknown, but in women with 45,XO, it has

been established that in 75% of cases it is the paternal

sex chromosome which is missing. There also seems to be

an association of monosomy X abortuses with a young

maternal age (Warburton et a7., 1980b).

Triploidy is the second most frequent single group of

chromosomal abnormalities and accounts for up to 20% of

all spontaneous abortions with a numerical chromosomal

abnormality.

Tetraploidy is observed in about 5% of the chromosome

abnormalities found in spontaneous abortuses, and has

occasionally been reported in a live born infant (Golbus

et al., 1976; Pitt et a 7., 1981). The chromosome

constitution of all human tetraploids have been either

XXXX or XXYY, and presumably result from a failure of

cytoplasmic cleavage at the first mitotic division.

Very rarely a triandric tetraploid abortus has been

recognised (Sheppard et al., 1982; Surti et al., 1986).

The remainder of the chromosomal abnormalities in

spontaneous abortions are made up of translocations,

mosaicisms and other more rarely encountered chromosomal

abnormalities, such as rearrangements.
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1.3 The contribution tripioidy makes to the overal1

level of spontaneous abortions.

In man, it has been estimated that between 1-3% of all

conceptions are triploid (Couillin et al., 1978; Jacobs

et al., 1982a,b) and these probably account for 15-20%

of all first trimester spontaneous abortions with a

numerical chromosomal defect (Carr, 1971a, b; Niebuhr,

1974; Boue et al., 1975; Creasy et al., 1976; Beatty,

1978; Hassold et al., 1980; Kaj i i et al., 1980;

Meulenbroek & Geraedts, 1982; Lin et al., 1985). While

a small number survive into the second trimester of

pregnancy, only a very small number have survived until

term. These are either stillborn infants or have died

in the immediate postnatal period (Niebuhr, 1975;

Wertelecki et al., 1976; Gosden et al., 1976; Fryns et

al., 1977). Little is known about the influence of the

triploid genotype on the embryogenesis of these

conceptuses.

In triploid embryos the origin of the extra set of

chromosomes can result from the following pathways ;

a) non-reduction in the first or second maternal

meiotic division - Digynic triploidy.

b) from fertilisation of unusual 'giant' diploid

oocytes (Austin, 1961, 1969a,b). These are

tetraploid mononuclear 'giant' eggs which after

completion of the two meiotic divisions may

10



participate in fertilisation giving rise to

digynic triploids

c) non-reduction in the first or second paternal

meiotic division - Diandric triploidy.

d) dispermy - Diandric triploidy.

Only relatively recently, with the availability of

various banding techniques which facilitate the analysis

of mitotic metaphase preparations, has it been possible

not only to determine the genetic constitution of early

human triploid embryos, but also in many instances by

the recognition of cnromosomal polymorphisms to

establish whether they are diandric or digynic in

origin, for example;

i) 69,XYY sex chromosome constitution in a triploid

embryo indicates that the extra set of chromosomes must

be of paternal origin.

ii) Heteromorphic fluorescent regions in some

chromosomes have been used as a means of establishing

the origin of the extra set of chromosomes first by

Jonasson et al (1972) and Uchida & Lin (1973) and then

by others (Kajii & Niikawa, 1977; Lauritsen et al.,

1979; Meulenbroek & Geraedts, 1982).

iii) HLA typing of cells of triploid abortuses also

allows the identification of the extra set of

chromosomes (Couillin et al., 1978).
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The relative importance of digynic and diandric

triploidy varies depending on the mammal being studied .

A variety of sophisticated techniques have been used in

attempts to analyse the developmental origin of human

triploid conceptuses, in order to establish whether they

are diandric or digynic in origin (for recent review,

see Surti, 1987). The results of a number of studies

(see, for example, Jacobs et al., 1982a) would seem to

indicate that about 85% result from the fertilisation of

a haploid egg by two normal haploid spermatozoa (i.e.

following dispermic/diandric fertilisation), only about

15% appear to result from the monospermic fertilisation

of an egg which contains two haploid or a single diploid

nucleus. Digynic triploidy is therefore usually due to

fertilisation of an egg in which failure to extrude the

first or second polar body occurs, and the retention

within the egg of the two products of one or other

meiotic divisions has occurred (Beatty, 1957; 1978). In

only rare instances is it believed that the egg is

fertilised by a diploid spermatozoon.

Even under optimal conditions, however, none of the

scoring techniques available to analyse human chromosome

preparations is capable of producing an unequivocal

result in all instances in establishing whether a

triploid embryo is diandric or digynic in origin,

because of methodological difficulties, undetected cases

of false paternity etc. In the study of Jacobs et al.,

(1978), for example, the origin of the additional

1 2



haploid complement could only be determined with

certainty in 21 out of 26 (i.e. in 81%) of the triploids

studied. Other potential difficulties encountered are

discussed by Procter et al., (1984) and Uchida & Freeman

(1985). In these two investigations, the latter being a

particularly extensive one in which 105 triploid

conceptuses were studied, the parental origin of the

extra haploid set of chromosomes could only be

determined in 80% and 77%, respectively, of the triploid

conceptuses analysed.

Triploidy plays a significant part in human pregnancy

wastage, and because of this, numerous attempts have

been made to produce animal models for this condition

which may shed light on the pathogenesis of triploidy in

man.

1.4 The sex ratio, and sex chromosome constitution of

digynic and diandric triploids.

The sex ratio among liveborn infants in the U.S.A.

consistently shows an excess of males, 105 males to 100

females (National Centre for Health Statistics, 1984).

Estimates of the sex ratio in miscarriages, obtained by

cytogenetic or nuclear sexing methods, have yielded

conflicting results. Byrne and Warburton (1987)

reported the results of a study of the anatomic sex

ratio among embryos derived from a series of 3469

mi scarriages. The overall sex ratio was 1.25:1. The

13



male excess was confined to normally formed specimens

(1.30:1). This was the same as the ratio found by

Hassold et a 7., ( 1 983) when looking at chromosomal 1y

normal spontaneous abortions. Among morphologically

malformed specimens of Byrne & Warburton (1987) the sex

ratio was close to unity (0.92:1). They found the

agreement between chromosomal and anatomical sexing to

be excellent. From their work, they hypothesized that

an excess of anatomical males among fetal deaths

suggested the presence of a discrete cause or causes

that might operate on normally formed embryos, whereas

the loss of malformed embryos may be due to other

mechanisms that affect females as often as males.

In the case of digynic triploids, the sex chromosome

constitution may be either XXX or XXY with the expected

ratio of 1:1. In those instances where a normal haploid

human egg is fertilised by two spermatozoa, three

possible classes of diandric triploid embryos may

result, namely those with (1) a 69,XXX, (2) a 69,XXY, or

(3) a 69,XYY sex chromosome constitution. Of the

various extensive cytogenetic studies that have been

carried out to establish the incidence of these various

classes of triploids, relatively few triploids with a

69,XYY sex chromosome constitution, which can only be of

diandric origin, have been observed. Thus, if the

findings of Niebuhr ( 1974), Hassold et al., ( 1980) and

Uchida & Freeman (1985) are combined, in which a total

of 401 human triploids were analysed cytogenetical1y,

14



144 were of the 69,XXX class, 244 of the 69,XXY class

arid only 13 of the 69,XYY class, a ratio of 11:19:1 is

obtained.

While it is likely that in the earlier study of Niebuhr

(1974) a mixture of diandric and digynic conceptuses

were analysed, the fact that the majority of human

triploids in any study are likely to have been of the

diandric type does not substantially affect the fact

that far fewer 69,XYY triploids have been observed than

the other two classes. If it is assumed that both X-

and Y-bearing spermatozoa have an equal chance of

fertilising an egg, then following dispermic

fertilisation the ratio of 69,XXX: 69,XXY: 69,XYY

should theoretically be 1:2:1. It is clear from these

and other cytogenetic studies of human triploid

conceptuses that the observed ratio is significantly

different from the expected ratio. Similarly, if 85% of

triploids are of diandric origin and only 15% are of

digynic origin, then the expected ratio of 69,XXX:

69,XXY: 69,XYY should in fact be closer to 1.35:2.35:1,

as the digynic triploids would be expected to have an

equal chance of having either a 69,XXX or a 69,XXY sex

chromosome constitution.

The view has been put forward that the 69,XYY class has

a poorer development potential than the other two

classes, because in vitro culture of these triploids

showed very poor cell proliferation (Boue & Boue, 1970).
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It has therefore been suggested that the 69,XYY triploid

embryos are consequently lost either before the

pregnancy is recognised clinically, or that they are

spontaneously aborted at an early stage in gestation and

are therefore less likely to be recovered. Furthermore,

Boue and Boue (1970) indicated that in their series, no

examples of the 69,XYY class were recovered beyond the

3rd_4th Week of gestation. Hassold et al., (1980) noted

that the gestational ages of their triploid samples

varied with respect to the parental origin of the extra

haploid contribution. Their diandric triploids had a

mean gestational age of 124 days, while the mean

gestational age of the digynic triploid conceptus was

significantly less. No additional data is available,

however, on the gestational age of the diandric triploid

embryos according to their sex chromosome constitution.

Lin, De Braekeleer & Jamro, (1985) found a significant

difference in gestational age between the different

classes of triploids. They noted that the 69,XXX

abortuses appeared to have a much shorter gestational

age (mean of 7.5 weeks) than the 69,XXY abortuses (mean

of 12 weeks).
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1.5 Triploidy Syndrome in the human.

Triploidy is rarely encountered in fetuses surviving

past mid-gestation or in live born infants. The gross

phenotypic features of triploid infants make up a wide

spectrum, varying from rare almost normal infants to

infants with multiple abnormalities, usually of

sufficiently specific configuration for clinical

diagnosis. They are usually premature growth-retarded

infants who do not survive beyond a few days after birth

(Niebuhr, 1974). It is thought that death of the

triploids is due to biochemical, genetic dosage-related

imbalances associated with the presence of three haploid

sets of chromosomes and not to the gross anatomical

abnormalities present (Kuliev et al., 1975; Kamoun et

al., 1978). The placentas of triploid conceptuses are

usually partial hydatidiform moles in 80-85% of cases

and 15-20% are non-molar (Jacobs et al., 1982a,b;

Szulman et al., 1981).

There have been a number of distinctive and consistent

gross morphological features of triploid fetuses

described by numerous authors and these represent a

recognizable clinical syndrome (reviewed by Wertelecki

et al., 1976; Gosden et al., 1976; Doshi, Surti &

Szulman, 1983; Schwaibold et a 1., 1990)(see Tables 1.2a &

1.2b and Figure 1.1). Mosaic triploids show a 'diluted'

version of the full syndrome, often with body asymmetry

and mental retardation. They are capable of surviving
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Table 1.2a. External features of triploid fetuses
present in more than 50% of cases. (Doshi, Surti &
Szulman, 1983).

HEAD Hydrocephalus
Large posterior fontanelle
Hypertelorism
Micro-ophthalmia
Coloboma
Malformed, low-set ears
Micrognathia

EXTREMITIES Syndactyly of the hands
Syndactyly of the feet
Simian creases

Malformed hands
Malformed feet

GENITALS Hypospadias
Micropenis
Scrotal anomalies
cryptochidism

GENERAL Intrauterine growth retardation
Hypotonicity

Table 1.2b. Gross internal features of triploid fetuses
present in more than 50% of cases. (Doshi, Surti &
Szu1 man, 1983 ) .

Heart anomalies
Pulmonary hypoplasia
Renal malformations
Adrenal hypoplasia
Ovarian hypoplasia
Thymic hypoplasia
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Figure 1.1.
Composite drawing of distinctive external features
associated with triploidy (from Wertelecki et al,
1976).



into adolescence, whereas fetuses with complete

triploidy almost invariably die in utero or soon after

birth (Doshi et al., 1983).

1.6 Hydatidiform moles.

A hydatidiform mole represents an abnormality of the

placental parenchyma with the formation of a

multi-cystic mass consisting of dilated chorionic villi

(Davis, 1986). There are two types of hydatidiform

mole;

i) Complete hydatidiform moles

ii) Partial hydatidiform moles

They are differentiated on the basis of their different

embryological origin and consequent karyotype, and their

different histopathological features (Vassilakos,

Riottan & Kajii, 1977; Szulman & Surti, 1978a,b).

1.6.1 Complete hydatidiform moles,

Complete hydatidiform moles are characterised by the

absence of a fetus and associated amniotic membranes,

relatively uniform hydropic changes in the chorionic

villi, and the absence of fetal blood vessels and fetal

blood cells from the chorionic villi. There may also be

a marked proliferation of the trophoblast. This type of

hydatidifrom mole has a greater risk than the partial

type of becoming malignant.
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The earliest cytogenetic surveys on spontaneous

abortions revealed that complete moles had a diploid XX

karyotype in over 90% of cases (Carr, 1969; Boue & Boue,

1973b). Using fluorescent markers, Kajii & Ohama (1977)

found that the chromosome complement, though an

apparently normal female 46,XX, consisted in all

instances of two sets of paternally derived chromosomes

without any maternal chromosome contribution being

present. These observations were subsequently confirmed

by Jacobs et al., ( 1978) with fluorescent markers and by

Yamashita et al., (1979) with HLA markers. Surti et

al., (1979) later demonstrated that the two sets of

chromosomes in the less frequently encountered complete

moles with a 46,XY complement were also both paternal in

origin.

The vast majority of complete moles with a 46,XX

chromosome constitution are homozygous. This may result

from the monospermic fertilisation of an egg in which

the female chromosome complement does not take part in

further development and where the sperm-derived haploid

complement duplicates to restore the diploid number, or

may result from the fertilisation of an egg by a diploid

spermatozoan where the female chromosome complement does

not take part in subsequent development (Kajii & Ohama,

1 977 ).

The 46,XY complete moles are invariably heterozygous and

result from dispermy, where the egg is fertilised by two
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haploid spermatozoa (Ohama et al., 1981). Heterozygous

complete moles appear to have a high rate of post molar

complications (Vassilakos & Kajii, 1976;Lawler et al.,

1982).

The fact that moles with 46 YY karyotype have not been

found may be due to non-viability of moles with this

karyotype as the presence of at least one X-chromosome

is an essential requirement for early mammalian

development (Burgoyne & Biggers, 1976).

1.6.2 Partial hydatidiform moles.

Partial hydatidiform moles are characterised by the

presence of a fetus with its cord and amniotic

membranes.However, occasionally only the presence of the

nucleated fetal red blood cells provides evidence of

fetal development. This is associated with the presence

of hydropic changes in many of the chorionic villi or in

only a small proportion of them. Trophoblastic

proliferation is minimal. Some of the chorionic villi

contain fetal blood vessels which transport nucleated

fetal red blood cells. Only very occasionally do these

moles have the potential for malignancy.

Partial moles are usually triploid, with a 69,XXY or

less frequently a 69,XXX chromosome constitution. They

are usually dispermic in origin and the two paternally

derived sets of chromosomes are almost always
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genetically dissimilar. The digynic triploid group does

not appear to undergo the characteristic molar changes

that the diandric triploid group does (Hunt, Jacobs &

Szulman, 1983; Jacobs et al., 1982a).

The placental pathological findings observed in both

complete and partial moles are possibly due to the

presence of two paternal haploid sets of chromosomes,

but in the case of partial moles, the effect may be

diluted by the presence of a maternal haploid chromosome

complement which induces the presence of a fetus or

fetal components. It has recently been shown from

experimental animal studies that the paternal genome is

required for normal development of the extraembryonic

membranes and the trophoblast while the maternal genome

is required for directing pre-implantation development

and embryogenesis (McGrath & Solter, 1984; Surani,

Barton & Norris, 1984; Surani, 1986).

The frequency of hydatidiform moles is more pronounced

at extreme reproductive ages for example in women under

20 or over 40. There is also geographic variation in

the incidence of molar pregnancies especially when

compared to all the other chromosome abnormalities

responsible for pregnancy wastage, which have a similar

incidence in all parts of the world. The incidence of

hydatidiform mole varies from country to country with

the highest rates being reported from parts of Asia,

Latin America and the Middle East. Possible
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explanations for this variation in incidence include

socioeconomic status, nutritional factors and genetic

predisposition, but there is little solid evidence to

support any of these hypotheses (reviewed by, Buckley,

1987).

1.7 The spontaneous incidence of tripioidy in the mouse.

In other mammalian species the spontaneous baseline

frequency of triploidy varies considerably, and in mice

it appears to depend to a considerable degree on the

genetic background of the particular strain examined.

The frequency of triploidy encountered during the

pre-implantation period varies between 0.3% and 4.1%

according to various authors (see review by Dyban &

Baranov, 1987). Most triploids in the mouse die between

the 8th day and the 12th day of gestation, (Beatty,

1957; Wroblewska, 1971; Baranov, 1976) though the

underlying cause has yet to be established. In the

mouse, digynic triploidy is more commonly encountered

than diandric triploidy (Vickers, 1969a,b; Wroblewska,

1971; Baranov, 1976).

1.8 Ovulation in the mouse.

It is now agreed that primordial germ cells have an

extra-gonadal origin and they migrate from the wall of

the yolk sac to the germinal ridge (Witschi, 1948) where

they undergo rapid multiplication by mitosis. At this
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later stage the germ cells are called oogonia. The

number of germ cells is fixed early in life. Zuckerman

(1962) showed that oocytes were not produced throughout

the lifespan of most mammals. Further evidence was

provided by the use of tritiated thymidine labelling of

oocyte nuclei which confirmed that oocytes in juvenile

and adult ovaries are direct descendants of the fetal

germ cells (oogonia) and that the germ cells do not

increase in number throughout life (Rudkin & Griech,

1962; Borum, 1966;Crone & Peters, 1968).

In the mouse it is known that the mitotic activity of

oogonia ceases and the prophase of meiosis is known to

be initiated about 5 days before birth (Mandl, 1963)

and the oocytes may progress to the diplotene stage of

prophase of the first meiotic division by birth (Mintz,

1960). At this stage many oocytes become associated

with granulosa cells during the formation of the

follicles, and enter the dictyate stage or 'resting

stage' of meiosis and are under the influence of the

granulosa cells (Ohno & Smith, 1964). These oocytes are

diploid but contain four times the haploid amount of

DNA (4C) and at this stage are called primary oocytes

(see Figure 1.2A ).

More than half of the primordial follicles present in

the mouse ovary at birth degenerate before 3-5 weeks of

age (Gates & Runner, 1957; Zarrow & Wilson, 1961). The

female mouse is fully sexually mature at around 6-weeks
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Figure 1.2.

Typical chromosome morphology of primary oocytes
(metaphase I)-tetrads (A) and secondary oocytes
(metaphase II)-dyads (B).



 



of age. By this time each ovary contains approximately

10,000-30,000 oocytes at different stages of maturity

(reviewed in Hogan, Costantini & Lacy, 1986: Rugh,1990).

Granulosa cells are flattened in primordial follicles

and become modified structurally as the follicle grows.

They become cuboidal as they begin to divide during the

early stages of follicle growth, those on the extremity

of the follicle remaining epithelial whereas those

around the oocyte are arranged in concentric layers.

The granulosa cells serve to maintain the internal

environment of the follicle (reviewed by Edwards, 1980).

Granulosa cells divide more rapidly during the later

stages of follicle growth. They secrete a fluid which

accumulates to form the antrum and displaces the oocyte

and its corona and cumulus cells to one side of the

follicle. The number of layers of granulosa cells and

the presence of the antrum are used to classify the

stages of growth in follicles (Franchi & Baker, 1973),

see figure 1.3. The first sign that a particular oocyte

and follicle are entering the growth phase leading to

ovulation is an increase in size of the oocyte itself

and follicular enlargement follows later resulting in

the production of an antral follicle also known as a

Graafian follicle (Pincus, 1965).

As the oocyte increases in size it acquires the

competence to enter the final stages of meiosis in
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rigure i.o.
DEVELOPMENT OF THE MOUSE OVUM AND OVARIAN FOLLICLE
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having a nucleus slightly larger than those of the adjacent cells.

Stage 3 — Primary follicle, with a single layer of cuboidal follicle cells surrounding the oocyte, the
nucleus of which is enlarging.

Stage 4 — Double layer of follicle cells around the enlarging oocyte.

Stage 5 — Many-layers of follicle cells around the enlarging oocyte. Near the germinal vesicle is a
yolk nucleus (Balbiani's body), and near it is a Golgi apparatus.

Stage 6 — Antral spaces are scattered among the follicle cells. Mitochondria form centers for yolk
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(Rugh, 1990, p30-31)



response to the normal hormonal stimuli associated with

the oestrus cycle. Ovulation occurs once every 4 days

in the mouse (Allen, 1922). In any one oestrus cycle

only a few follicles respond to an increase in the level

of Follicle Stimulating Hormone (FSH)(Nakamura, 1957).

A surge in the level of Luteinizing Hormone (LH) results

in the initiation of the ovulation sequence. After LH

stimulation the oocyte undergoes nuclear maturation

(Schwartz & McCormack, 1972). The germinal vesicle

loses its nuclear membrane and the chromosomes assemble

on the first meiotic spindle which subsequently moves

towards the periphery of the oocyte shortly before the

first meiotic division takes place. One chromosome from

each pair of chromosomes is surrounded by a small amount

of cytoplasm and this is extruded as the first polar

body (reviewed in Hogan, Costantini & Lacy, 1986). It

is in this state that the oocyte is finally released

from the follicle and is now termed a secondary oocyte

(see Figure 1.2B).

Each ovulated oocyte is surrounded by its zona

pellucida, a product of the surrounding follicular

cells, and by the cumulus oophorus composed of

follicular cells and an intercellular matrix consisting

of acidic mucopolysaccharides, hyaluronic acid and

protein (Braden, 1962). The zona pellucida is a

mucoprotein and it serves to maintain the normal

cleavage pattern and prevent fusion of eggs (Mintz,
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1962). The innermost cells

tightly packed and oriented

radiata.

of the cumulus oophorus are

radially to form the corona

All the oocytes ovulated from the same ovary collect

together and form the cumulus mass. The cumulus mass is

then swept into the open end of the oviduct by the

action of the ciliated epithelium of the infundibulum

which beat rapidly and form a current in the oviductal

fluid that draws the cumulus mass into the oviduct. The

distal end of the oviduct becomes dilated to form the

ampullary region and this is where fertilisation usually

takes place (reviewed in Rugh, 1990).

Fertilisation normally triggers the completion of the

second meiotic division and extrusion of the second

polar body, leaving a haploid maternal complement

(Austin, 1951). Nuclear membranes then form around the

maternal and paternal chromosomes which form the haploid

female and haploid male pronuclei which subsequently

move towards the centre of the egg. During this

migration DNA replication takes place. The pronuclei do

not fuse, the membranes breakdown and the chromosomes

assemble on the spindle and the first cleavage division

occurs soon after (Lewis & Wright, 1935; Gresson, 1941;

Edwards, 1957).
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1.9 Ovulation of primary oocytes by LT/Sv strain mice.

The fertilised triploid eggs isolated from the oviducts

of LT/Sv mice are of an unusual type and developmental 1y

different from the other classes of digynic triploid

embryos (Niemierko, 1975; Niemierko & Opas, 1978). The

LT/Sv triploid eggs result from the fertilisation of

primary oocytes, and consequently exhibit only two

pronuclei (see Figure 1.4). The male pronucleus is

haploid and the female pronucleus which was formed after

the extrusion of a first rather than a second polar body

is consequently diploid. The first polar body is

extruded at the completion of the first meiotic

division, in the normal situation this event occurs just

prior to ovulation. In a proportion of the oocytes in

LT/Sv strain mice this occurs after the activation

process induced by fertilisation (Kaufman, 1983;

Kaufman & Howlett, 1986; O'Neill & Kaufman, 1987).

These primary oocytes never extrude a second polar body

as they do not undergo a second meiotic division. As a

result of the fertilisation of the primary oocytes of

LT/Sv strain mice homologous chromosome pairing is

frequently observed at the first cleavage metaphase

(Kaufman, 1983; O'Neill & Kaufman, 1987).

The digynic triploids isolated from other strains of

mice generally have arisen from monospermic

fertilisation of a secondary oocyte in which the second

polar body extrusion has failed to occur resulting in

32



Fi gure 1.4.

The usual pathways of development taken following the
fertilisation of normal secondary oocytes (i) and
following the fertilisation of primary oocytes ovulated
by LT/Sv females (iii). Also two possible pathways taken
by fertilised secondary oocytes as a consequence of
post-ovu1atory ageing changes that occur in the oocyte
resulting in either digynic or diandric triploidy (ii).
(O'Neill & Kaufman, 1987).
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three haploid pronuclei.

1.10 The incidence of triploidy in LT/Sv strain mice.

Stevens and Varnum (1974) first drew attention to the

fact that spontaneous parthenogenetic activation

occurred within ovarian follicles and in a proportion of

the naturally ovulated oocyte population of LT/Sv strain

mice. There has accordingly been considerable interest

shown in the sequential changes that occur within the

ovary of this strain of mouse (Stevens, 1975; Eppig,

1978) as well as in the developmental pathways taken by

the oocytes which undergo spontaneous parthenogenetic

activation within the reproductive tract (Kaufman, 1983;

Anderson, Hoppe & Lee, 1984; Kaufman & Howlett, 1986;

Kaufman & Speirs, 1987; O'Neill & Kaufman, 1987).

In the LT/Sv strain of mice spontaneous triploidy is

relatively commonly encountered. A preliminary

cytogenetic study of recently activated oocytes revealed

that, despite the presence of one pronucleus and a polar

body, about 30% of the oocytes had contrary to

expectation, a diploid chromosome constitution, with

evidence of homologous chromosome pairing (Kaufman,

1983). Subsequent studies by Kaufman and Howlett (1986)

and O'Neill and Kaufman (1987) revealed that LT/Sv

strain mice regularly ovulate both primary and secondary

oocytes. Following parthenogenetic activation, these

give rise to diploid and haploid oocytes, respectively.
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Furthermore, both the primary and secondary oocytes are

capable of undergoing monospermic fertilisation, with

the development of digynic triploid and normal diploid

conceptuses, respectively (O'Neill & Kaufman, 1987).

1.11 Experimental 1y induced triploidy in the mouse.

There have been various experimental approaches employed

to induce triploid development. The exposure of

recently fertilised eggs to the cytokinesis inhibiting

effect of cytochalasin B would appear to be one of the

more efficient means available at the present time

(Niemierko, 1975; Niemierko & Opas, 1978). Also

exposure to phorbol ester (PMA) during fertilisation in

vitro produces a high proportion of tripronucleate eggs

(Niemierko & Komar, 1985). Highest rates of triploidy

are achieved when recently fertilised eggs are incubated

in vitro in tissue culture medium containing one or

other of these agents, during the period of second polar

body extrusion.Second polar body extrusion is

effectively inhibited, and consequently both products of

the second meiotic division are retained within the egg.

The incidence of triploidy following fertilisation in

vitro is in any case significantly higher than occurs

following fertilisation in vivo, probably due to the

higher level of polyspermy (Santalo, Estop & Egozcue,

1986) and may also be related to the dose of PMSG

employed (Maudlin & Fraser, 1977). Similarly, the

spontaneous level of digynic triploidy encountered in
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vivo may also be increased following superovulation

(Takagi, 1970; Takagi & Oshimura, 1973; Takagi & Sasaki,

1976) .

In the human the frequency of tripronucleate oocytes

after in vitro fertilisation (IVF) appears to be higher

than in clinically recognised pregnancies (that is

pregnancies which have not been exposed to exogenous

hormonal stimulation), presumably because of the

influence of superovulation on the oocytes. Wentz et

al. , ( 1983) and Plachot et a/., ( 1985) found that 8% of

all IVF induced embryos were triploid and Angel 1 et al.,

(1988) found in their IVF programme that the frequency

of triploidy was 9%.

Previous attempts to obtain digynic triploid mouse

development in vivo following the intra-peritoneal

injection of mitotic inhibitors, by artifical

insemination in the presence of these agents, or by

delayed matings, have either been entirely unsuccessful

(Niemierko, 1975, 1981), or only marginally successful

(Marston & Chang, 1964) generally with the production of

heteroploid rather than triploid conceptuses (Edwards,

1954, 1958, 1961; McGaughey & Chang, 1969).

While post-ovu1atory ageing of the oocyte within the

oviduct prior to fertilisation is known to be associated

with a decreased efficiency in the various blocks to

polyspermy (reviewed in Austin, 1970), this manoeuvre
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does not appear to be a particularly reliable means of

inducing dispermic/diandric triploid development either

in vivo (Marston & Chang, 1964; Vickers, 1969a,b;

Kaufman, 1973; Beatty, 1978; Beatty & Coulter, 1978) or

in vitro (Maudlin & Fraser, 1978a). Diandric triploidy

may also be induced by the fertilisation of secondary

oocytes by diploid spermatozoa. However, it has been

suggested that they may have a reduced level of

survivability and impaired motility compared to haploid

spermatozoa within the female tract (Mortimer, 1977).

In addition to the production of dispermic triploids,

digynic triploidy may also be induced by post-ovulatory

ageing due to the migration of the second meiotic

spindle away from the periphery of the egg,(Szollosi,

1967, 1971; Webb, Howlett & Maro, 1986), and consequent

inhibition of second polar body extrusion.

Although various experimental techniques have been

described which have allowed high rates of triploidy to

be induced in the mouse (for review see Niemierko &

Opas, 1978), the post-imp!antation development of somite

stage mouse, rat and rabbit embryos achived by these

means has only rarely been described (Piko &

Bomsel-Helmreich, 1960; Bomsel-Helmreich & Thibault,

1962; Bomsel-Helmreich, 1965; Opas, 1977; Niemierko,

1981). In addition, since the spontaneous occurrence of

this condition is so infrequently encountered in these
/

species (Wroblewska, 1971; Baranov, 1976), little

information is available on the development potential of
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these conceptuses.

Both diandric and digynic triploids can be produced by

nuclear micro-manipulation procedures (see Figure 1.5).

This involves the removal of either the male pronucleus

or the female pronucleus from a 'donor' fertilised egg

and transferring it into the perivitel1ine space of a

'recipient' fertilised egg. In the presence of a

fusogenic stimulus, such as Sendai virus, the pronucleus

transferred fuses onto the plasma membrane of the

recipient egg and a tripronucleate egg is produced. The

general procedures for micro-manipulation of pronuclei

have been described by Lin (1971) and many advances in

the technique have been made by workers such as

Modlinski (1975), Tarkowski (1977), Barton and Surani

(1983) and McGrath and Solter (1983). Some of the more

significant advances have been the production of

karyoplasts containing pronuclei (McGrath & Solter,

1983) and then incorporating the karyoplast into the

recipient egg by Sendai virus assisted fusion (McGrath &

Solter, 1983; Surani et al., 1984). There has also been

the development of electrofusion apparatus which allows

fusion of the karyoplast to the recipient egg

(Zimmermann & Vienken, 1982; Tsunoda, Kato & Shiota,

1987; Kono & Tsunoda, 1988).

39



Figure 1.5.

The experimental procedure for the micro-manipulation of
pronuclei. (Kaufman, Lee & Speirs, 1989c).
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1.12 The aims of this work.

Since polyploids play a significant part in human

pregnancy wastage, it is believed that the analysis of

animal models of these conditions may help to shed light

on the aetiology and early embryogenesis of these

conditions in man. Such animal models for these

conditions are essential, since the number of human

polyploid conceptuses obtained in any centre is limited,

while their pre- and early post-implantation stages of

embryogenisis are only very rarely available for

analysis.

This work was undertaken to look at the early

post-implantation development, morphological features

and the genetic constitution of digynic and diandric

triploid embryos produced by various experimental

techniques as well as the digynic triploids that arise

spontaneously in LT/Sv strain mice.
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2.1 Mouse Stocks

All stock mice were maintained in the Faculty of Medicine

Animal Area on a continuous light : dark cycle of 14

hours light and 10 hours dark. They had a continuous

supply of pelleted rodent food and water.

2.1.1 F1 Hybrid Mice.

The breeding colony of C57BL/6 X CBA/Ca mice was

maintained in the Faculty of Medicine Animal Area and the

offspring of this mating cross was used for all F1 hybrid

mice stocks. The C57BL/6 female mice and the CBA/Ca

males were purchased from Olac. Each breeding pair was

allowed to have six litters. The young F1 hybrid mice

were weaned at three weeks old and the female F1 hybrid

mice were used between 8 weeks old and 12 weeks old.

Some of the F1 hybrid male mice were kept for use as stud

males or were vasectomised and used for producing the

pseudopregnant female F1 hybrid mice. The excess male

mice produced were killed at 3 weeks old.

2.1.2 LT/Sv Mice.

A breeding colony of LT/Sv mice were maintained from

brother/sister matings of the original 6 pairs of LT/Sv

mice obtained from the MRC Unit at Carshalton.

The female LT/Sv mice were mainly used between 6 weeks
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old and 12 weeks old. Each breeding pair was allowed to

have six litters and the young were weaned at 3 weeks old

and the excess males were killed at this time.

2.1.3 Rb(1.3)1Bnr Mice

Five breeding pairs of Rb(1.3)1Bnr mice were obtained

from the MRC Unit at Harwell and were mantained through

brother/sister matings. The males were used as stud

males, since the presence of the Robertsonian

translocation between chromosome 1 and chromosome 3 acts

as a large 'marker' chromosome and allows the diandric or

digynic status of the triploid embryos to be established.

2.2 Superovulation

An intra-peritoneal (i.p.) injection of 5 international

units (i.u.) of Pregnant Mares Serum Gonadotrophin

(PMSG, Intervet) was given at an appropriate time to the

female mouse. This hormone injection stimulates the

follicles in the ovary to develop and mature. Then 48

hours later 5 i.u. of Human Chorionic Gonadotrophin

(HCG, Intervet) was given by i.p. injection, this over¬

rides the mouse's own LH and stimulates the mature

foil ices to ovulate. Ovulation occurs around 11.5 hours

to 13 hours after HCG stimulation (Edwards & Gates,

1959). The females are set up with stud males 2-6

hours after the HCG injection and they are checked for

vaginal plugs early the next morning.The presence of a
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vaginal plug is taken as evidence of mating.

2.3 Dulbecco's Phosphate Buffered Saline (PBS)

One phosphate buffered saline (PBS) tablet (Oxoid,

Ltd.) was dissolved in 90mls of distilled water, 0.5ml of

Dulbecco's mineral salt solution (Oxoid, Ltd.) was added

and then the solution was made up to 100mls with

distilled water. At 25°C the PBS solution has a pH of

7.2. This PBS solution was used for the recovery of

post-implantation stage embryos. For the recovery of

one-cell stage embryos 0.4 gms of Bovine Serum Albumin

(BSA, Sigma) was added to "lOOmls of Dulbecco's PBS, to

reduce the surface tension and inhibit the eggs from

adhering to each other, or to the surface of the plastic

tissue culture dish.

2.4 Culture Media for the incubation of Pre-implantation

Stage Mouse Embryos

2.4.1 Preparation of M16 Culture Medium

The one-cell stage embryos were incubated in 50 ul

microdrops of M16 medium under filtered light paraffin

oil (BDH) in an atmosphere of 5% CO2 in air at 37 °C.

The microdrops are made up in tissue culture plates

(60mm x 10mm, Falcon) and put into the CO2 incubator for

at least 30 minutes before use to equilibrate the M16

medium with the appropriate culture conditions.
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M16 is a modified Krebs-Ringer bicarbonate salt solution

devised by Whittingham (1971). The medium was prepared

fresh every week when required and stored in 10ml

aliquots at 4°C. The medium was filtered using a sterile

0.22pm millipore filter prior to storage at 4°C.

To make up 100mls of M16 the compounds required are as

follows;

NaCl 0.553 g

KC1 0.036 g

CaCl2.2H20 0.025 g

KH2PO4 0.016 g

MgSCU . 7H2 0 0.029 g

NaHCOa 0.210 g

Sodium lactate ( 60% syrup ) 0.32 ml

Sodium pyruvate 0.004 g

G1ucose 0.1 g

Bovine Serum Albumin (BSA) 0.4 g

Penicillin G.,potassium salt 0.006 g

Streptomycin sulphate 0.005 g

Phenol Red 0.001 g

All made up to 100mls with sterile distilled water.
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2.4.2 Preparation of M2 Culture Medium

M2 medium is very similar to M16 medium the only

difference being that some of the bicarbonate is

substituted with HEPES buffer. This makes M2 medium

ideal for work involving the handling of embryos or

embryonic tissues outside the CO2 incubator.

The M2 medium was prepared fresh every week when required

and stored in 10ml aliquots at 4°C. The complete medium

was filtered using a sterile 0.22 /im millipore filter.

To make up 100 mis of M2 the compounds required are as

follows;

NaCl 0.553 g

KC1 0.036 g

CaC12.2H20 0.025 g

KH2PO4 0.016 g

MgSCU . 7H20 0.029 g

NaHC03 0.035 g

HEPES 0.497 g

Sodium lactate (60% syrup) 0.32 ml

Sodium pyruvate 0.004 g

G1ucose 0.1 g

BSA 0.4 g

Penicillin G.,potassium salt 0.006 g

Streptomycin Sulphate 0.005 g

Phenol red 0.001 g

All made up to 100 mis with sterile distilled water and

adjusted so that it has a final pH of 7.2-7.4.
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2.5 Tissue Culture Medium for Post-implantation stage

embryos - Medium 199 with Colcemid

Medium 199 with modified Earle's salts was purchased from

Gibco. The foetal calf serum (FCS) and the colcemid

solution (10^jug/ml) were also purchased from Gibco.

The composition of the working medium 199 is as follows;

100 mis Medium 199

11 mis FCS

1 ml Colcemid Solution

The medium is stored at 4°C and kept for several weeks at

this temperature. 1 ml of the medium 199 with colcemid

was put into each well of a 24-well multiwell tissue

culture plate (Falcon) and put into the incubator in an

atmosphere of 5% CO2 in air at 37°C for at least 30

minutes to equilibrate.

2.6 Cytochalasin D Induced Triploidy

Superovulated female mice that have been set up in mating

boxes with the stud males are checked early in the

morning for vaginal plugs. Those females which have a

vaginal plug are given a single i.p. injection of 15 jjg

of Cytochalasin D (CCD, Sigma) at various times after

HCG, ranging from HCG + 11hrs and at half hour

intervals to HCG + 14hrs. The action of the CCD on the

fertilised oocytes is to prevent the extrusion of the
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second polar body, resulting in the production of a

digynic triploid embryo.

The concentration of CCD used for the i.p. injection was

made up as follows:

The stock solution consists of 1 mg CCD in 1 ml Dimethyl

Sulfoxide (DMSO). Take 100 ul of this stock solution and

make up to 2 mis with 0.9% saline. A 0.3 ml injection of

this freshly made solution contains 15 jjg CCD and this
was the dose given to each female mouse.

2.7 Recovery and Collection of First Cleavage Stage

Embryos

The female mice were spontaneously cycling or

superovulated as described. They were caged with male

mice of proven fertility and early each morning they were

checked for the presence of a vaginal plug. The oocytes

were collected at about mid-day. The female mouse was

killed by cervical dislocation and the oviducts were

isolated into warm (37°C) PBS containing o.4% BSA. If

ovulation has occurred the cumulas mass is clearly

visible through the thin wall of the ampullary region of

the oviduct. Using watchmakers' forceps the wall of the

ampulla is torn open and the cumulus mass is released

and escapes into the PBS. The cumulus mass is transfered

into a microdrop of M16 containing 1 mg/ml of

hyaluronidase, this is to remove the cumulus cells from

the fertilised oocytes. The fertilised oocytes are
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collected into a fresh microdrop of M16 after being taken

through several washes of M16 to remove any excess

hyaluronidase. The fertilised oocytes were cultured

overnight in M16 with added colcemid solution (1 jug/ml)
and the following morning air-dried chromosome

preparations were made according to the method described

by Tarkowski (1966).

2.8 Recovery and Collection of Post-implantation Stage

Embryos

The pregnant female mouse was killed by cervical

dislocation on day 10 of gestation and the bicornuate

pregnant uterus was removed from the abdominal cavity.

The decidual swellings are isolated from the uterine

horns and placed in a plastic tissue culture dish

(Falcon, 60 x 10 mm) containing PBS. Using a Wild M5

dissecting microscope and two pairs of fine watchmakers'

forceps the embryo plus its extra-embryonic membranes are

removed from within the maternal decidua. The embryo

with attached yolk sac is transferred to a clean dish of

PBS where each embryo is examined and note made of its

morphological features, stage of development and

crown-rump length measured where appropriate. The yolk

sac is then removed from the embryo and both samples are

then transferred to the same well of a multiwell plate

containing pre-gassed medium 199 with colcemid, for

subsequent cytogenetic analysis. On some occasions only

the yolk sac is used for cytogenetic analysis and the
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embryo is fixed in Bouin's fixative for subsequent

histological analysis. The samples transferred to medium

199 with colcemid are cultured for 3 hours at 37°C in an

atmosphere of 5% CO2 in air.

2.9 Bouin's Fluid - Fixative for Wax Histology

Bouin's fluid is composed of;

Picric Acid (saturated aqueous solution) 75 ml

Formalin (40% Formaldehyde) 25 ml

Glacial Acetic Acid 5 ml

For large pieces of tissue fixation will usually have

occurred within 24 hours. With small pieces of tissue

2-3 mm or less in diameter such as 10 day

post-implantation stage embryos, these are usually fixed

after 2-3 hours. After fixation the samples are stored

in 70% ethanol until processed for histology.

2.10 Chromosome Spreads of First Cleavage Stage Embryos.

The first cleavage stage embryos are spread using a

modification of Tarkowski's technique (1966). The first

cleavage stage embryos will have been cultured in M16

with colcemid overnight to arrest the embryo at metaphase

of the first cleavage division.

Only one chromosome spread was prepared on each

precleaned microscope slide. The microscope slides were

53



marked with a small square (0.5 cm2 approx.) on the

undersurface by a diamond pencil. The oocytes are

transferred from the M16 through several washes of 1%

tri-sodium citrate (BDH), a hypotonic solution, and left

in the last drop for 5-10 minutes. The oocytes are then

removed one at a time and placed within the marked square

on the microscope slide, with as little citrate solution

as possible. Then one drop of a freshly prepared

fixative mixture of 3:1 methanol:glacial acetic acid is

dropped onto the oocytes.The fixative drop will spread

out and as it dries another drop of fixative can be

added. The slides are left to ail—dry and can be

conventionally stained with Giemsa or left for at least

10 days and then G-banded.

2.11 Chromosome Spreads of Post-implantation Stage

Embryos.

After the embryos/extra-embryonic membranes have been

incubated for 3 hours at 37°C in an atmospere of 5% CO2

in air, they are transferred to a hypotonic solution of 1

part 1.93% tri-sodium citrate to 3 parts 0.56% potassium

chloride for 20-40 minutes. Then they are fixed in 3:1

methanol:g1acial acetic acid for at least 30 minutes, but

can be kept for at least a week at 4°C.

The chromosome spreads can now be made using a

modification of the cell spreading technique described by

Evans, Burtenshaw and Ford (1972).
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For large samples the fixed tissue is transferred with a

minimum of fix into 0.5 ml of 60% acetic acid in an

embryological watchglass for cell disaggregation. The

sample is left for 2-3 minutes undisturbed, then it is

gently teased apart. Clean slides were labelled and

pre-heated to 50°C on a hotplate. The 60% acetic acid

containing free single cells from the sample in the

embryological watchglass were taken up in a glass Pasteur

pipette. The pipette was held over the glass slide and a

drop of the 60% acetic acid mixture containing the

disaggregated cells was expelled onto the slide surface

and then immediately drawn back into the pipette. This

was repeated all over the surface of the slide. The

cells attach to the slide at the fluid's retreating edge.

Those in mitotic metaphase are deposited as chromosome

spreads.

With very small pieces of tissue the disaggregation

process is carried out directly onto the slide. The

prepared slides are then examined under phase-contrast

optics to check that chromosome spreads are present and

the slides are then left for at least 12 days at room

temperature to 'mature' before they are G-banded.

55



2.12 G-banding solutions

The solutions required for G-banding are listed below.

2.12.1 Double Standard Saline Citrate (2 X SSC)

Tri-sodium Citrate (BDH) 8.823 g

Sodium Chloride (BDH) 17.538 g

Dissolve these salts in 1 litre of distilled water.

2.12.2 0.9% Saline

45 g of sodium chloride dissolved in 5 litres of

distilled water.This 0.9% saline is used for making up

the trypsin solution as well as a wash.

2.12.3 Trypsin Solution for G-banding

for at least 30 minutes before

is used at room temperature.

Trypsin (Difco) 0.05 g

0.9% Saline 200 ml

Mix on a magnetic stirrer

use. The trypsin solution

2.12.4 Giemsa Buffer pH 6.8

One Giemsa phosphate buffer

1 litre of distilled water.

tablet (BDH) is dissolved in

Check that the pH is 6.8.
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2.12,5 3% Giemsa Stain

6 mis. of Giemsa stain (Gurr,BDH) is made up to 200 mis.

with Giemsa buffer pH 6.8. This 3% Giemsa stain was

filtered through Whatman No.1 filter paper before use.

2.13 G-banding Procedure and Karyotyping

Once the slides have been 'matured'for at least 12 days

they are ready to be G-banded. Gallimore and Richardson

(1973) reported that aging of the slides for 12-16 days

improved the quality of band patterns.

The slides were placed into metal slide racks and put

into a staining dish containing 2 X SSC solution at

60-65°C. The slides are immersed in the hot 2 X SSC for

1.5-2 hours. The slides were then transferred to 0.9%

saline solution to cool and rinse for 2 minutes. A

second rinse in 0.9% saline removed any residual 2 X SSC.

Excess saline was drained onto absorbent paper and the

slides were then placed in a 0.025% trypsin solution for

25 - 30 seconds. Then rinse the slides in pH 6.8 Giemsa

buffer solution and stain the slides for 1 to 2 hours in

a 3% Giemsa solution.

G-banded metaphase chromosome spreads were photographed

using Kodak 1525 Technical Pan film. Karyograms of

G-banded metaphase preparations were prepared according

to the Committee on Standardized Genetic Nomenclature for

Mice, (1972) and Nesbitt and Francke, (1973).
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2.14 Micro-manipulation of Male Pronuclei to Produce

Diandric Triploid Embryos.

The micro-manipulatory procedures were undertaken by

Dr.K.K.H.Lee, but details of the methodology are provided

here as additional background information.

The microsurgery was performed with Leitz

micro-manipulators and a fixed stage Leitz Laborlux II

microscope with Nomarski interference contrast optics.

Holding and injection pipettes were made from

boro-si1icate capillary tubing. The pipettes were pulled

on a Campden Instruments Ltd. moving-coil

microelectrode puller model 753 and the finishing edges

and bends are put onto the pipettes using a microforge,

Research Instruments Ltd.

The eggs for pronuclear transfer by micro-manipulation

are cultured for 30 minutes in M16 containing 1 jug/ml of
colcemid and 1 ^ug/ml of cytochalasin D prior to
micro-manipulation. The disruption of the microfilaments

and microtubules by the CCD and the colcemid renders the

eggs more malleable and resistant to damage by

mic ro-manipu1 ation.

Standard micro-manipulatory techniques described by

McGrath and Solter (1983) were used. This method

involves transplanting pronuclei, surrounded by a small

volume of cytoplasm and plasma membrane and utilizing
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inactivated Sendai virus membrane fusion (Graham, 1971).

Usually, the male pronucleus could be easily

distinguished from the female pronucleus, since in early

fertilized embryos the latter is invariably located in

the subcortical zone subjacent to the second polar body.

Those embryos in which the two pronuclei could not be

easily distinguished were discarded. The male pronuclei

were isolated microsurgically from donor embryos with a

small volume of cytoplasm and transferred in the presence

of inactivated Sendai virus into the perivitel1ine space

of recipient one-cell stage fertilized embryos.

Cytoplasmic fusion generally occurs within about 1 hour

and the 'constructed' tri-pronucleate diandric triploid

embryos are ready to be transferred into pseudopregnant

recipient female F1 hybrid mice. To produce digynic

triploid embryos a female rather than a male pronucleus

is transfered from a donor egg in the presence of

inactivated Sendai virus into the perivitel1ine space of

a recipient one-cell stage fertilised embryo.
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2.15 The Surgical Procedure for the Transfer of

Micro-manipulated Embryos into the Oviduct of

Pseudopregnant Female Mice.

This operative procedure was undertaken by Professor

Kaufman, but details of the methodology involved are

provided for additional background information.

The anaesthetic used was Avertin, composed of

tribromoethanal in amy! hydrate. Made up fresh, each

time it was used, as described below:

0.12 ml Avertin (Winthrop)

9.88 ml 0.9* Saline

The 9.88 ml of saline is heated to 50°C before adding the

0.12 ml of Avertin. Mix vigorously to ensure the

Avertin goes into solution.

The dose given to the mouse was 0.02 ml/g body weight.

Thus for a 20 g mouse 0.4 mis of the Avertin solution was

given. The mouse is anaesthetised almost immediately and

usually regains consciousness after 30-60 minutes.The

anaesthetised pseudopregnant female is placed face down

on the table and its back is sprayed with absolute

ethanol to keep the hair down as well as sterilizing the

area. A right dorsolateral incision is made through the

skin, and the peritoneal cavity entered through a smaller

incision in this location. The fat pad which is attached

to the ovary is then located and pulled through this

opening, with the fat pad comes the ovary and the
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oviduct. The fat pad will adhere to the skin holding the

oviduct out. Using fine watchmakers' forceps the

fimbriated os, the open end of the oviduct, is found and

held with a pair of forceps, using a mouth controlled

micro-pipette the micro-manipulated embryos are then

transferred into the oviduct. The peritoneum is closed

with a single silk stitch and the skin is closed using

two or three wound clips. The female mouse was kept warm

until it came round, usually within 30-60 minutes.

Following oviduct transfer, the first day of

pseudopregnancy is by convention now termed the first day

of gestation.

2.16 Statistical Analysis.

2.16.1 Mean

The mean is the arithmetic average obtained by

the sum of the figures by the number of the

This is expressed in the following way:

X = (fx )

n

where X is the mean

lx is the sum of all the values being sampled

n is the sample size

dividing

f i gures.
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The mean on its own is meaningless without some estimate

of the spread of the values around it. Several such

estimates can be calculated, including the variance,

standard deviation and standard error of the mean. These

can all be expressed in the following ways.

Variance

This is the average sum of the squares of all the

deviations from the mean value of the sample.

Standard Deviation

Variance (S2 ) =^_(X - X)2

n - 1

Standard Deviation (s) =

This is the square root of the variance.

Standard Error of the Mean

Standard error of the mean (SE) s

This is the standard deviation divided by the

square root of the sample size.
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2.16.2 The difference between the means of two samp]es.

The null hypothesis is that there is no difference

between two samples. The standard error of difference

between the means is calculated:

S.E. diff. = / SDi2 + SD22

m m

where SD1 is the standard deviation of sample 1

SD2 is the standard deviation of sample 2

m is the size of sample 1

n2 is the size of sample 2

The difference of the means is also calculated and it

is necessary to establish how many multiples of its

standard error this difference represents. This value is

then found in a reference table. If the value is very

high and represents a probability of 0.001, for example,

then the probability of this difference of the standard

error occurring by chance is therefore exceedingly low

and so the null hypothesis that these two samples are not

different is very unlikely.

63



2.16.3 Students t-Test

This allows one to test the null hypothesis that there is

no statistically significant difference between the mean

of a sample and the population mean, and no difference

between the means of two samples. The student's t-test

takes into account not just the difference between the

means of the 2 groups, but also the variability within

the data and the number of figures involved.

It is of the form:

difference between means

t

standard deviation of data X (1/ni + 1/n2)

Xi - X2

t=

m + r\z - 2
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2.16.4 The Chi -square (*Xg ) Test

This test enables one to compare observed data with

predicted values. The null hypothesis is that there is

no difference between the observed data and the expected

data. Select the probability level acceptable for

example 0.05. Calculate the degrees of freedom, which

are the number of catagories minus one. Look up the

table for the critical value of X2 before the null

hypothesis can be rejected. Calculate^ as follows;

Construct contingency tables for the observed (O)

frequencies and the expected (E) frequencies.

Subtract each expected number from each observed number

O-E

Square the difference (0-E)2

Divide the squares so obtained for each cell of the table

by the expected number for that cell (0-E)2/E

"Xf is the sum of (0-E)2/E

Compare the calculated \2 with the critical value and

decide if the null hypothesis can be rejected or not.
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CHAPTER 3

THE POST-IMPLANTATION DEVELOPMENT OF SPONTANEOUS DIGYNIC

TRIPLOID EMBRYOS IN LT/Sv STRAIN MICE.

Contents

3. 1 Introduction

3.2 Materials and Methods

3.3 Results

3.3.1 Incidence of triploid embryos encountered on the

7th, 8th and 10th days of gestation.

3.3.2 Morphological appearance of triploid embryos

encountered on the 7th, 8th and 10th days of

gestation.

3.4 Discussion
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3.1 Introduction

Various experimental techniques have been described which

have allowed high rates of triploidy to be induced in the

mouse (for review, see Niemierko & Opas, 1978).In recent

years there has been great advances made in the use of

micro-manipulation techniques in producing embryos of

various ploidies and genetic background (Modlinski, 1980;

Surani & Barton, 1983; McGrath & Solter, 1984).

A situation in which a much higher incidence of

spontaneous digynic triploid development occurs than is

normally encountered has recently been reported by

O'Neill & Kaufman (1987). These authors mated

superovulated LT/Sv females with (C57BL x CBA)F1 hybrid

males, and analysed the chromosome constitution of

fertilised eggs at the first cleavage mitosis, and

observed that about one-third of the resultant embryos

were digynic triploids. This finding was not entirely

unexpected, since it had previously been shown by Kaufman

& Howlett (1986) that almost one-half of the unfertilised

eggs isolated from the oviducts of superovulated female

LT/Sv strain mice had been ovulated as primary rather

than secondary oocytes. However, it is possible that the

use of superovulation may have precluded any meaningful

estimate being made of the 'spontaneous' level of

triploidy that it was hypothesised might arise in, and

consequently be recovered from, LT/Sv strain mice shortly

after conception.

67



The present study was therefore undertaken to establish

the spontaneous level of triploidy in LT/Sv strain

mice. Also it was hoped that it might provide insight

into the developmental fate of LT/Sv triploid mouse

embryos, as previous studies had indicated that in the

mouse triploids invariably fail to develop beyond the

early post-implantation period (Baranov, 1976; Dyban &

Baranov, 1987). Pregnant LT/Sv strain females were

therefore autopsied between the 7th - 10th day of

gestation, and a detailed karyological and morphological

analysis of their embryos was undertaken.
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3.2 Materials and Methods

Eight- to twelve-week old randomly cycling female LT/Sv

strain mice were caged with (C57B"L* CBA)F1 hybrid males.

Early each morning the females were checked for the

presence of a vaginal plug, and this was taken as

evidence of mating. The morning of finding a plug was

considered to be the first day of pregnancy.

The females were autopsied at about midday on either the

7th, 8th or 10th day of gestation. The decidual

swellings were isolated from the uterine horns and put

into PBS. The embryos isolated on the 10th day were then

dissected free from within their extra-embryonic

membranes with fine watchmakers' forceps, while all the

embryos isolated on the 7th and 8th day, and those that

were deve1opmental1y retarded on the 10th day were

generally left intact and treated as a single unit. The

total number of resorptions present was noted. Also the

total number of embryos that were clearly morphologically

normal or abnormal or were considered to be

morphologically normal but retarded in their development

was recorded at this time.

The chromosome constitution of all of the embryos, both

normal and abnormal, was then determined using a

modification of the technique described by Evans,

Burtenshaw and Ford (1972). In the case of the

developmental 1y more advanced embryos, that had been
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isolated from within their extra-embryonic membranes,

only the latter was used to establish their chromosome

constitution. The embryos were transfered to Bouin's

fixative for subsequent histological analysis after their

crown-rump length and other morphological parameters had

been carefully noted. The chromosome preparations were

examined on the Leitz phase-contrast microscope to check

the ploidy of the embryos and after 12 days the

chromosome preparations were G-banded.
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3.3 Resu1ts

3.3.1 Incidence of triploid embryos encountered on the

7t h
_ 8th and 10* h days of gestat i on .

The results of the autopsies conducted on the 7th, 8th

and 10th days of gestation are presented in detail in

table 3.1 and representative triploid mitotic spreads

obtained following the disaggregation of the

extra-embryonic membranes of a triploid embryo are

illustrated in figures 3.1A and 3.1B. A total of 48

females were autopsied and out of 468 implantation sites

isolated a total of only 55(11.8%) implantation sites

contained resorbing embryos, which is within the expected

range for post-implantation losses.

The overall incidence of triploidy encountered between

the 7th-10th days of gestation in this study was 18.5%

(74/405 embryos examined cytogenetical1y), which is lower

than the incidence of primary oocytes ovulated by LT/Sv

females following exogenous hormonal stimulation (Kaufman

& Howlett, 1986). In this 1986 study, 47.8% out of a

total of 295 recently ovulated and parthenogenetical1y

activated eggs analysed were found to have been ovulated

as primary oocytes. In a more recent study by O'Neill &

Kaufman (1987), 34.1% out of a total of 41 fertilised

LT/Sv eggs analysed at the 1st cleavage mitosis, were

found to have been ovulated as primary oocytes.
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Table
3.1Cytogenetic

analysis
of

conceptuses
Isolated
from

spontaneously
ovulating

LT/Sv
females

on

either
the

7th,
8th
or

10th

day
of

gestation
Day
of

gestation
at

autopsy

Totalfemalesautopsied
Totalimplantations
Totalresorptions
Totalembryosrecovered

PloiDiploid(2n)

dy
of

coneTriploid(3n)

eptusesNot

analysable(NA)

Totalembryos
analysedcytogenetically

(%

triploid)

7

1

9

1

8

6

1

1

7

(14.3)

8

6

58

5

53

39

11

3

50

(22.0)

10

41

401

49

352

286

62

4

348

(18.1)

GrandTotals

48

468

55

413

331

74

8

405

(18.5)

Mean
no.
of

implantations
per

female
=

9.75
+

0.26



Figure 3.1.

Low (A) and high (B) magnification views of typical
mitotic chromosome spreads from the extra-embryonic
membranes of two triploid LT/Sv strain embryos.



 



In the present study analysis of 1st cleavage stage LT/Sv

embryos from spontaneous matings revealed that the

incidence of triploidy at this stage was 19.1% (see table

3.2). This is comparable with the incidence of triploidy

in the 10 day post-implantation stage embryos.lt was also

of interest to note that there was no significant

difference observed between the total number of embryos

isolated per female in the post-implantation series,

compared to the number recovered in the 1st cleavage

stage series of spontaneously ovulating females (t=1.017,

d.f.64, p>0.05).

3,3.2 Morphological appearance of tripioid embryos

encountered on the 7th 8th and J_0th day of gestation.

a) Isolation of conceptuses on the 2th day of gestation.

There was only one female autopsied on the 7th day of

gestation. All of the embryos were at the egg cylinder

stage of development and were morphologically

indistinguishable from each other. The one embryo that

was revealed on cytogenetic analysis to have a triploid

chromosome constitution appeared in all respects to be

morphologically identical to its diploid littermates.

There was, in addition, no obvious difference between the

ectoplacental cone of the triploid embryo compared to

those of its diploid littermates.
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Table
3.2Cytogenetic

analysis
of

1st

cleavage
stage
oocytes

isolated
from

spontaneously

ovulating
LT/Sv
females

Totalfemalesautopsied
Total
No.oocytesrecovered
Ploidy

of

oocytes

Total
No.

oocytes
analysed

(%

triploid)

2n

3n

N.A.

18

186

131

31

2k

162

(19.1)

mean
no.
of

oocytes
per

female
=

10.33
+

0.62



b) Isolation of embryos on the 8th day of gestation.

Out of a total of 6 females autopsied on the 8th day of

gestation, all but one contained a mixture of diploid and

triploid embryos. All of the embryos that were

morphologically abnormal or grossly retarded in

development compared to their littermates proved to be

triploid. However, more than one-half of the triploid

embryos were morphologically indistinguishable from their

diploid littermates. No obvious differences were

observed between the ectoplacental cone of the triploids

compared to their diploid littermates.

c) Isol ati on of embryos on the J_0th day of gestati on.

By the 10th day of gestation the embryos were readily

distinguishable into two principal categories, namely a

slightly larger group which contained morphologically

normal looking viable forelimb-bud stage embryos with on

average about 25 pairs of somites present, and a second

more heterogeneous group of embryos. Almost without

exception the embryos in the latter group were

substantially smaller in volume and in crown-rump length

than those that could be assigned to the first group.

The embryos that had successfully 'turned' to adopt the

fetal position occasionally showed evidence of

cardiovascular stasis and morphological abnormalities

involving the cephalic part of the neural axis (see

Figure 3.2). Several embryos were observed that were

still 'unturned', while in a few instances, partially

'turned' embryos were observed in which the appearance of
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Figure 3.2.

Scanning electron micrographs of one normal diploid
embryo (a) and three abnormal digynic triploid embryos
(b-d) all recovered from LT/Sv females on the 10th day of
gestation.
a) normal diploid embryo with 20-25 pairs of somites.
b) digynic triploid embryo with a very abnormally shaped

head.
c) a frontal view of the upper half of a digynic

triploid embryo. Its face is asymmetrical and it
has a very large heart.

d) a side view of the upper half of a digynic triploid
embryo showing its head still open at the forebrain
region when it should in fact be closed and again
the large heart is clearly seen (the thoracic
body wall has been opened in this embryo to expose the
heart).



 



the cephalic region was consistent with more advanced

development than the 'unturned' or partially 'turned'

state suggested.

Cytogenetic analysis of the extra-embryonic membranes

from the embryos isolated on the 10th day revealed that

those in the first category were invariably diploid,

while the great majority of those in the second category

had a triploid chromosome constitution. In those embryos

where it was possible to dissect off the extra-embryonic

membranes and leave a relatively intact embryo, then the

embryo was fixed and sectioned for histological analysis.

The proportions of the developmental stages of the 62

digynic triploid embryos recovered are shown in table

3.3, also figure 3.3 shows the typical appearance of some

of these developmental stages.

Professor M.H.Kaufman made a histological examination of

10 of the more advanced somite-stage triploid embryos,

most of which had 'turned' to adopt the fetal position,

and this revealed that 4 were very similar to normal,

though substantially smaller than their diploid

littermates. As an indicator of development, 3 embryos

had deeply indented otic pits, while the 7

developmental 1y more advanced embryos had otocysts

present. All 6 of the morphologically abnormal embryos

examined had either localised or extensive neural tube

defects (see figure 3.4). In one embryo, this consisted

of a localised spina bifida-like lesion in the
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Table 3.3

Morphological grouping of the 62 digynlc triplold embryos
recovered from LT/Sv females on the 10th day of gestation

Morphological
group

Total No.
recovered

Empty gestational
sac

10

Egg cylinder 1

Unturned - 4-14 pairs 20
somites

Partially turned -

12-20 pairs somites
8

Turned - 20-30 pairs 23
somites

TOTAL 62



Figure 3.3.

Representative samples of the different developmental
stages of embryos recovered on the 10th day of gestation
from LT/Sv females.(a-e, are all triploid embryos and f
is a normal diploid embryo).
a) empty sac
b) unturned embryo with about 8 pairs of somites, it has

a large heart and a large allantois (arrow).
c) unturned embryo with about 14 pairs of somites, it

has a large heart and an abnormal shaped head.
d) partially turned embryo with about 15-20 pairs of

somites, it has a large heart and an abnormal
shaped head.

e) turned embryo with about 15-20 pairs of somites, it
has a large heart and an abnormal shaped head.

f) turned normal diploid embryo with 25-30 pairs
somites.

Embryos e) and f) are illustrated at the same
magnification.



 



mid-abdominal region of the neural axis. Five embryos

had neural tube defects involving the cephalic region.

These could be divided into 3 principal groups according

to the location of the cephalic lesion present, namely

(i) one 'unturned' embryo in which the cephalic neural

folds had failed to close in the regions overlying the

fore-, mid- and hindbrain, (ii) 2 embryos in which the

neural folds had failed to close in the regions overlying

the fore- and midbrain, and (iii) 2 embryos in which the

neural folds had failed to close in the region overlying

the forebrain only. In one of the embryos in group (ii),

a localised side-side duplication of the neural tube was

present in the mid-caudal region of the neural axis.

In those regions in which a neural tube defect was

present, the edges of the neural folds were

characteristically everted, and the neuroepithelial cells

rounded up and disorganized. Histological analysis of 12

diploid embryos isolated from the same litters was

carried out. None of these embryos had any evidence of

neural tube or cardiovascu1ar abnormalities.

While no evidence of cardiovascular stasis was observed

in the diploid embryos, this was observed in about

one-third of the triploids, though in all instances

spontaneous contractions of the heart were seen. It is

possible that the presence of cardiovascular stasis may

have been indicative of the impending death of these

embryos. While no specific gross cardiac abnormalities
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Figure 3.4.

Representative transverse
triploid embryos recovered

sections through three LT/SV
on the 10th day of gestation.

(a-d) four sections through the cephalic region of a
limb-bud-stage embryo with deeply indented otic pits.
Note that the neural folds overlying the entire
presumptive forebrain region (arrows) have failed to
fuse, whereas the hindbrain region appears to be
morphologically normal. Bar, 200um.

(e-f) two sections through a developmentally slightly
more advanced limb-bud-stage embryo than that illustrated
in (a-e), which possessed a normally located pair of
otocysts (small arrows). Note that the neural folds
overlying the entire presumptive forebrain region have
failed to close. The extent of eversion of the margins
of the neural folds (large arrows) and associated degree
of neuroepithelial cellular disorganisation is clearly
apparent in these sections in relation to the forebrain
region. Bar (e), 200um; Bar (f), 400um.

(g-h) two sections through approximately the middle of
the embryonic axis of a partially 'turned' embryo which,
in addition, cuts through the proximal part of the tail
region. Note in particular the side - side duplication
of the neural tube (arrow). These neural tubes gradually
merge both cranially and caudally to give .initially, a
single morphologically abnormal neural tube with a single
lumen. However, more distant cranially and caudally from
the duplication segment, a single apparently
morphologically normal neural tube was present along the
rest of the 'spinal axis'. In the cephalic region, the
neural folds overlying the presumptive fore- and midbrain
had failed to fuse, whereas the neural folds overlying
the presumptive hindbrain region had closed normally.
Bar, 200um.



 



were recognized in any of the triploids, an impression

was formed that the hearts were possibly somewhat larger

than expected, though this might have been due to the

fact that the cephalic regions were slightly smaller than

normal in this group.
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3.4 Discussion

In the present study in which post-implantation embryos

from pregnant LT/Sv strain mice were examined both

cytogenetical1y and morphologically, it was apparent that

the majority of the digynic triploids induced following

the fertilization of spontaneously ovulated primary

oocytes developed to the blastocyst stage and

successfully evoked a decidual response. Furthermore,

the majority of the triploids progressed to comparable

developmental stages to those achieved by normal diploid

embryos recovered on the 7th or 8th day of gestation.

When the embryos were recovered on the 10th day of

gestation, the triploids became increasingly more readily

distinguishable from their normal diploid siblings, a

finding that is in general agreement with the results of

previous studies on triploidy in the mouse (Wroblewska,

1971; Niemierko, 1981).

In two of the earlier experimental studies in each of

which single somite-stage triploid mouse embryos had been

recovered and analysed (Vickers, 1969a; Opas, 1977)

minimal information on their gross morphology had been

provided. The embryo obtained in the former study was

recovered from a pregnant female between 91/2-111/2 days

after delayed fertilisation, and was described in the

following terms. It was 'structural 1y normal but smaller

and paler than its diploid siblings, no heart beat could

be detected and it seems likely that this foetus was
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dying'. The embryo recovered on the 12th day of

gestation by Opas (1977) was of approximately the same

developmental age. It had a 'beating heart, allantois,

yolk sac, but no head'. A photograph of this embryo

would have been very imformative and could have helped to

rule out the possiblity of inadvertent damage to the

cephalic region.

Wroblewska (1971) studied the spontaneous incidence of

triploidy in CBA strain females. Of 729 embryos isolated

at 9, 10 and 11 days of gestation from CBA females

mated with CBA-T6 T6 males 18 were digynic triploids.

From these observations she concluded that in some

strains of mice the state of triploidy can lead to a

specific disturbance in embryogenesis, consisting of

inhibition of the development of the embryonic part of

the egg cylinder and in consequence, in failure of the

embryo itself to form. This disturbance results in an

empty sac consisting of extra-embryonic membranes and

is termed the 'triploidy syndrome' in the mouse.

A more extensive study of the post-implantation

development of dygnic triploid embryos was done by

Niemierko, (1981). She produced 65 triploid eggs by

inhibiting extrusion of the second polar body in

fertilized eggs by in vitro exposure to Cytochalasin

B (Niemierko, 1975). These were then transferred to

the oviducts of pseudopregnant females. The overall

post-implantation development rate was 31% and
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post-imp1antation embryos were recovered from 22%. On

the 9th day of development after transfer, five

implantation sites were recovered, one lacked an embryo

and four contained early egg cylinder stage embryos.

These embryos were said to look normal although they

were smaller than controls of the same age. Their

ploidy was not checked cytogenetical1y. On the 10th day

of development 15 implantation sites were found, 5 were

empty and 10 contained 'egg cylinder' stage embryos.

Six embryos were examined cytogenetical1y and proved to

be triploid but their sex chromosome constitution was not

established. The other four embryos were examined

histologically. One of them was an empty yolk sac with

no embryo inside. The second embryo was described as

being 'at the stage of amnion formation with a

distinctly shortened embryonic part. The embryo had a

shortened ectoplacental cone in the form of a loose

group of cells.' The third embryo was the most advanced

in organogenisis found in her study, she said it was an

incomplete embryo and describes it thus 'only the head

part of this embryo, in the form of headfold primordia,

was developed. Also the foregut pocket could be clearly

seen. The embryo had regular membranes two-layered

amnion and allantois separated from the ectoplacental

cone and contained rudimental heart mesoderm. Dividing

cells were visible in neural ectoderm and allantois.'

The fourth embryo was said to contain no developed embryo

and was described as 'scanty embryonic ectoderm in a

neural plate stage and scanty mesoderm adhering to it
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could be seen. The cylinder contained two-layered

amnion, rudimentary allantois and poorly developed

ectoplacental cone.' On the 11th day of development

of the transfered triploid eggs to pseudo-pregnant

females no implantation sites or resorptions were

recovered.

More recently a small number of triploid embryos has been

isolated by Kaufman & Bain (1984) following the exposure

of recently mated female mice to an intragastric

injection of a dilute solution of ethanol. These embryos

were recovered on either the 10th or 11th day of

gestation and could be divided into two easily

distinguishable categories, namely those that were

retarded by about 24 hours in development compared to

their littermates, but nevertheless were morphologically

normal, and a second group that were generally smaller

than their normal siblings, but in addition were

morphologically grossly abnormal.

Ten out of the sixty-two triploid conceptuses recovered in

the present study demonstrated some of the features of

the 'triploidy syndrome' first described in detail by

Wroblewska (1971; see also Niemierko, 1981). In addition

it is of interest that in the few mouse strains in which

post-implantation triploid embryos have been observed, no

viable embryos have been recovered from females beyond
/

the 12th day of gestation (Vickers, 1969a; Wroblewska,

1971,1978; Takagi & Oshimura, 1973; Baranov, 1976; Opas,
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1977;Niemierko, 1981).

In the A/He strain, high rates (15-30%) of digynic

triploidy were encountered following the mating of

superovulated females to CBA-T6 T6 males. Many of these

embryos appeared to survive into the early

post-implantation period (Takagi, 1970; Takagi &

Oshimura, 1973; Takagi & Sasaki, 1976). Following this

experimental treatment, the average frequency of

triploidy was found to be in the region of 31% at 2.5-3.5

days after mating, 24% at 6.5 and 7.5 days, and decreased

to about 15% at 10.5 and 11.5 days. In the majority of

cases, the triploid embryos displayed all the features of

the triploidy syndrome. One embryo isolated on the 10th

day, however, was said to be developing normally, though

regrettably no further information on this embryo was

provided.

In another very extensive study (Baranov, 1976), the

spontaneous incidence of triploidy was established in

mice from the CBA, C3HA and C57BL inbred strains, which

either had a normal karyotype or were carrying various

Robertsonian translocations which acted as 'marker'

chromosomes. The highest incidence of triploidy recorded

was in the C57BL strain in which about 4% of the embryos

were found to be triploid. Cytogenetic evidence was

provided by the use of 'marker' chromosomes which

confirmed the hypothesis that the majority of the

triploids encountered were digynic in origin. The
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frequency of embryos with triploidy was about the same at

the pre-implantation and post-implantation stages. In

the same study, the morphology of a considerable number

of the triploids that survived into the early

post-implantation period were examined histologically.

Ten of the 18 embryos examined on the 8th and 9th days

were at the early organogenisis stage, all appeared to be

healthy, though developmentally somewhat retarded

compared to their diploid littermates. The remaining

embryos were smaller and morphologically abnormal. When

triploid embryos were isolated on the 10th day, 25 of 31

examined were said to be 'in a state of resorption.'

The six apparently viable embryos were described as

'their head end was much smoother than normally, the

neural crests (i.e. neural folds) were flattened and

asymmetrical, and the anterior and posterior

invaginations of the gut were ill defined' (Baranov,

1976). The two embryos isolated on the 11th day had a

sluggishly beating S-shaped heart, several pairs of

somites present, and were at the headfold stage of

development. Although these embryos were recovered on

the 11th day of gestation, their developmental stage is

more that of a 9 day embryo.

The importance of genetic background on the

post-implantation development of triploid mouse embryos

has clearly been demonstrated by the fact that both CBA

and A strain embryos invariably develop the 'triploidy

syndrome', whereas 129/Sv and its crosses apparently do
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not (Wroblewska, 1971, 1978). The LT/Sv strain mice used

in the present study clearly belong to this second

category.

The fact that the triploids in the present study resulted

from the fertilisation of spontaneously ovulated primary

oocytes which appear to be capable of developing during

the pre-implantation period in synchrony with their

normal diploid littermates could have favoured their

chance of survival into the post-implantation period

since there appeared to be no intra-uterine competition.

Whether their digynic genotype conferred any additional

developmental advantage over the diploids has yet to be

established, but this would seem to be unlikely.

The only other mice that appear to be capable of

regularly ovulating primary oocytes are the NMRI/Han

strain in which about 1% of their eggs are spontaneously

ovulated as primary oocytes (Hansmann & El Nahass, 1979:

Jenderny et a 7., 1980). This incidence of primary

oocytes can be increased to about 4% after the exposure

of the NMRI/Han females to exogenous gonadotrophins

(Bartels et a/., 1984). In the LT/Sv mice, our findings

would appear to indicate that significant numbers of

primary oocytes are ovulated in both spontaneously

ovulating females, and following exogenous hormonal

stimulation.

The most advanced triploid mouse embryos encountered on
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the 10th day of gestation in the present study appeared

to be deve1opmental1y more advanced than those previously

described by Baranov (1976). In the present study, a

small proportion of the triploid embryos recovered on the

10th day of gestation were found to be at a similar

developmental stage to their normal diploid littermates.

A proportion of the morphologically abnormal embryos,

however, while still viable and with a beating heart at

the time of their isolation, were clearly quite

unhealthy, having often areas of vascular stasis, and

would almost certainly have died probably 12-24 hours

later, had they been left to develop in utero.

Preliminary histological analysis of the triploid embryos

has revealed that they had several common features, in

addition to their small size. More than half of the

triploid embryos displayed anomalies of closure of the

neural tube, principally involving the cephalic neural

folds, the latter ranging from isolated closure defects

overlying the presumptive forebrain to extensive lesions

involving the entire cephalic region. While no obvious

gross cardiac abnormalities were identified, in a

proportion of these embryos, there was evidence of

vascular stasis.

No information is available on the cellular and nuclear

volumes of post-implantation triploid mouse embryos nor

on the effect of ploidy on blastomere cell size and

nuclear volume of the component cells of

pre-implantation mouse embryos at comparable cleavage
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stages. However several workers have attempted to

establish the relationship between ploidy and growth

rate in mouse embryos, for example Beatty & Fischberg

(1951) using various strains of mice collected embryos at

31/z days after copulation and looked at the mean

number of cells in polyploid eggs relative to the

number in diploids of the same age and found that the

ratio of cell number in polyploid eggs to cell number

in diploid eggs decreases with an increase in the number

of chromosome sets. Also Edwards (1958) showed that a

close correlation existed between cell number and the

mean cleavage number. The diploids and tetraploids

cleaved at approximately the same rate, but the lower

cell number and cleavage number of the latter embryos

were probably due to their suppressed first cleavage.

The haploids and triploids had slightly fewer cells

than the diploids and this was attributed to a delay in

their time of entry into the first cleavage rather than

to different rates of cleavage. The observation of

Baranov (1976) was that although at the blastocyst

stage there was already a certain tendency toward a

delay in the rates of cleavage in some triploid

embryos, many of them continued to develop normally.

But the small sample size made it impossible to make

any conclusive statement. Takagi & Sasaki (1976)

estimated that from their experimental findings the

cell-cycle time during the pre-implantation period was

about 10% longer in triploid mouse embryos than in their

diploid siblings. They predicted from these values that
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the total cell number of triploid embryos would become

half that of their diploid siblings by about the time of

the 10th cleavage (about 5.5 days p.c.) and a quarter at

the time of the 20th cleavage (about 10.5 days p.c.). In

fact, similar findings were reported by Snow (1975; 1976)

during his investigations into the post-implantation

development of tetraploid mouse embryos.
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CHAPTER 4

THE EFFECT OF EXOGENOUS HORMONES AND MATERNAL AGE ON

THE OVULATION OF PRIMARY AND SECONDARY OOCYTES IN LT/Sv

STRAIN MICE.
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4 ■ 1 Introduction

In a preliminary study, it was observed that the level of

triploidy encountered in the post-implantation analysis

of LT/Sv embryos, produced after spontaneuos ovulation,

was lower than might have been expected by extrapolation

from the incidence of primary oocytes ovulated by LT/Sv

females following exogenous hormonal stimulation (47.8%

triploidy, Kaufman & Howlett, 1986; 34.1% triploidy,

O'Neill & Kaufman, 1987). I decided therefore to

investigate whether the ratio of primary to secondary

oocytes ovulated following exogenous hormonal stimulation

was similar or different from that observed following

spontaneous ovulation in LT/Sv strain mice.

Also as part of this study it was decided to investigate

the influence of maternal age on the frequency of

spontaneous ovulation of primary oocytes and to

investigate whether the total number of eggs ovulated by

spontaneously cycling females diminishes with increasing

age, and this might account in part for the reduced

fertility of aged LT/Sv females reported in the

1iterature.
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4.2 Materials and Methods

Eight- to twelve-week old randomly cycling female LT/Sv

strain mice were caged with F1 hybrid males. An

additional group of LT/Sv females of the same age were

superovulated with exogenous gonadotrophins, as described

in 2.2, and caged with F1 hybrid males. Early each

morning both groups of females were checked for the

presence of a vaginal plug, this was taken as evidence of

mating and this was considered to be the first day of

pregnancy.

The females were autopsied following cervical dislocation

at either 2.00 p.m. on the day of finding the plug, or at

about midday on the 10th day of gestation. The one-cell

stage pronuclear embryos recovered on the first day of

pregnancy were transferred to M16 tissue culture medium

containing 1yug/ml colcemid, and their chromosome
constitution was determind either later that evening or

early the next morning by the air-drying technique

described by Tarkowski, (1966). The post-implantation

series embryos were processed as described previously.

An additional series of randomly cycling female LT/Sv

mice were caged with F1 hybrid males. The LT/Sv mice

were divided into various age groups, namely 6, 12, 18,

24 and 30 weeks of age. Each morning the females were

checked for evidence of mating and if this occurred this

was taken to be the first day of pregnancy. The females
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were autopsied at midday on the 10th day of gestation and

the extra-embryonic membranes and the embryos recovered

were processed as described previously.
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4.3 Results

4.3.1 The incidence of triploidv following exogenous

hormone treatment

The results of the 1st cleavage analysis from the

spontaneously ovulating and superovulated groups of LT/Sv

mice are presented in Table 4.1. These findings indicate

that 19.1% of the eggs analysed at the first cleavage

mitosis, from the spontaneously ovulating females, and

27.7% of the eggs isolated from the superovu1ated females

had a triploid chromosome constitution. Cytogenetic

analysis of the embryos isolated on the 10th day of

gestation from the spontaneously ovulating females

revealed that 18.1% of the embryos analysed had a

triploid chromosome constitution (Table 4.2). The

superovu1ated females were not analsyed on the 10th day

of gestation as at this stage there would be crowding of

the uterus which could have an influence on the results.

The number of eggs isolated per female from the

spontaneously ovulating groups analysed on the first day

of gestation (mean ± s.e.m; 10.33 t 0.62) and the number

of implantation sites (decidua containing embryos and

resorptions) present on the 10th day of gestation

(mean i s.e.m; 9.78 £ 0.28) were not significantly

different (t=0.949, d.f. 57, p>0.50). The incidence of

triploidy observed at the first cleavage division in the

superovu1ated group in the present study was
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Table
4.1Cytogenetic

analysis
of

fertilised
oocytes
isolated
from
LT/Sv
females

analysed
at

the
1st

cleavage
mitosis
following

spontaneous

ovulation
and

superovulation
treatment

Group

Totalfemales

Litter(mean
+

sizes.e.m.)
Total

number
of

oocytesrecovered
Total

oocytes
lost/

notanalysable
Ploldy

of

oocytes
Total

oocytes
analysed

cytogenetically
(%

triploid)

autopsled

Diploid

Triploid

1.

Spontaneousovulation
18

10.33
+

0.62

186

24

131

31

162

(19.D

2.

Superovulation
16

16.20
+

2.10

259

43

156

60

216

(27.7)



Table
4.2Cytogenetic

analysis
of

embryos
isolated
from
LT/Sv
females

analysed
on

the

10th
day
of

gestation
following

spontaneous
ovulation

Group

•

Totalfemalesautopsied
Litter

size

(mean
+

s.e.m.)
Totalimplantations
Totalresorptions
Totalembryosrecovered
Totalnot

analysable
Ploidy
of

conceptuses
Total

embryos
analysed

cytogenetically
(%

triploid)

Diploid

Triploid

3.

Spontaneousovulation
41

9.78
+

0.28

401

49

352

4

286

62

348

(18.1)



significantly different from the other two groups in

which spontaneous ovulation had occurred (\2 =8.33,0.005>

p > 0.001).

All the triploid spreads examined at the 1st cleavage

mitosis displayed the characteristic 40 + 20 arrangement

(see figure 4.1) of chromosomes previously described

elsewhere (O'Neill & Kaufman, 1987), with the group of 40

oocyte-derived chromosomes showing evidence of homologous

chromosome pairing. This is due to the fact that the

centromeric separation of meiotic chromosomes does not

occur until anaphase of the second meiotic division. The

'homologous pairing' of chromosomes observed at

metaphase of the first cleavage mitosis is due to the

absence of the centromeric division of chromosomes

prior to the formation of the diploid pronucleus.

4.3.2 The effect of maternal age on the incidence of

tripioidy in LT/Sv strain mice.

The 6-week old group of LT/Sv strain females had the

highest overall incidence of triploidy (54.7%, see Table

4.3). In the 12, 18 and 24 week old groups, the

incidence of triploidy was 18.4%, 13.6% and 10.8%,

respectively, while in the 30 week group, which was the

oldest group studied, the overall incidence of triploidy

was 6%.
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Table
A

.3Post-implantation
development

and

cytogenetic
analysis
of

embryos
isolated

on

the

10th
day
of

gestation
from
LT/Sv
females
of

various
ages

Group
Age
of

mice(weeks)
Total

no.

of

femalesautopsied
No.

females
with
onlydiploidembryos<%)

Litter
size3

(mean
+

s.e.m.)
Total

no.

Total
no.b

Total
no

Total
no.

Ploidy
of

embryos
Overall

implants

resorptions
embryos
not

;

:

;—

incidence
of

(%

implants)
recovered

analysable
Diploid
Triploid

triploidembryosrecovered(%)
Incidence
of

triploids
in

femalescontainingboth

diploid
and

triploidembryos
(%)

1

6

11

0

(0.00)
10.73

+

0.32

118

12

(10.2)
106

0

A8

58

5A.7

5A.7

2

12

A1

7

(17.1
)

9.71
+

0.28

A01

A9

(12.2)
352

A

286

62

18.1

21
.5

3

18

11

A

(36.A)

9.73
+

0.99

107

18

(16.8)
89

1

76

12

13.6

19.7

A

2A

12

8

(66.7)

8.58
+

1.09

103

20

(19.A)
83

0

7A

9

10.8

28.1

5

30

1A

10

(71.A)
8.71

+

0.89

123

22

(17.9)
101

1

9A

6

6.0

22.2

Statistical
test

used
was
the

difference
between
the

means
of

two

samples.

no

significant
difference

among
the

groups
(p>0.05)

no

significant
difference

among
the

groups
(p>0.05)

significant
difference

between
group
1

and

groups
2-5

(p>0.001)



Figure 4.1.

A) The 1st cleavage mitosis of a triploid LT/Sv oocyte,
showing the characteristic 40 + 20 arrangement of
chromosomes with the group of 40 oocyte- derived
chromosomes showing evidence of 'homologous chromosome
pairing' (PB - Polar Body).

B) The 1st cleavage mitosis of a spontaneously activated
LT/Sv primary oocyte, showing the 40 maternal chromosomes
with obvious 'homologous chromosome pairing' (arrows).
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It is interesting to note that in the 6-week old group,

all the females contained both diploid and triploid

embryos. In the older groups, diminishing numbers of

females were encountered that contained both diploid and

triploid embryos, namely 82.4%, 63.6%, 33.3% anu 28.6%,

respectively, in the 12, 18, 24 and 30 week old groups.

Although the number of females that actually contained

both diploid and triploid embryos decreased with

inceasing age, there was also a sharp decrease in the

number of triploid embryos observed in those females that

contained both diploid and triploid embryos.

In the 6-week old group, the incidence of triploidy was

almost 55%, in those females in the older age groups that

contained both diploid and triploid embryos, the level of

triploidy observed was substantially lower, being

somewhere in the region of about 20-28% of all the

embryos recovered from these females.

A gradual decrease is observed in the litter size from a

maximum value of 10.73 t 0.32 in the 6-week old group, to

8.71 + 0.89 in the 30-week old group.However, statistical

analysis revealed that there was no significant variance

among these five groups (p > 0.05).

Similarly, while the overall incidence of resorptions

encountered increased from 10.2% in the 6-week old group

to 17.9% in the 30-week old group, this was also not

significantly different (p > 0.05). However, even in the
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unlikely situation that all of the resorptions had

resulted from the loss of triploid embryos, then the

incidence of triploidy in the 6, 12, 18, 24 and 30 week

groups would be 59%, 27%, 28%, 28% and 23%, respectively.

Had this have been the case, this would still have left

the incidence of triploidy in the 6-week old group

significantly different from the incidence in the other

age groups (p > 0.001). The relatively small difference

in the litter size between the groups would have no

significant effect on the higher incidence of triploidy

observed in the 6-week old females, compared to the

substantially lower incidence in the other age groups.
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4■4 Piscussion

The present study would appear to indicate that the

administration of exogenous hormones provides a means of

increasing the incidence of triploidy in LT/Sv mice, by

significantly increasing the frequency of ovulation of

primary oocytes.

There are contradictory findings reported in the

literature on the incidence of triploidy produced by the

administration of exogenous hormones in other strains of

mice. In A/He strain mice it has been reported that

following moderately high levels of exogenous hormonal

stimulation (10 i.u. PMSG followed by 10 i.u. HCG) that

particularly high rates of triploidy in the region of 20%

were obtained (Takagi, 1970; Takagi & Oshimura, 1973;

Takagi & Sasaki, 1976). With the use of T6 'marker'

males they concluded that the majority of triploids in

the post-implantation series were digynic in origin (81

out of 83). They said that the increase in digynic

triploidy after superovulation was probably due to

suppression of the second polar body but the possibility

that the exogenous gonadotrophins preferential1y

stimulated tetraploid oocytes could not be ruled out

(Takagi & Sasaki, 1976). In the majority of cases their

triploid embryos displayed all the features of the

'triploidy syndrome' first described in detail by

Wroblewska (1971 ).
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NMRI/Han strain of mice are also capable of ovulating

about 1% of their eggs as primary oocytes (Hansmann & El

Nahass,1979; Jenderny et al., 1980; Hansmann et al.,

1985). This incidence of primary oocytes can be

increased when the NMRI/Han strain females have been

stimulated with exogenous gonadotrophins and up to 2-4%

of oocytes are ovulated as diploid oocytes (Bartels,

Jenderny & Hansmann, 1984; Beermann & Hansmann, 1986).

It has also been established that the 'diploidy' trait of

the NMRI/Han strain is maternally modulated through the

ooplasm. The most recent studies indicate that this

trait is due to a genetic mutation in the mitochondrial

genome (Beermann, Hummler, Francke & Hansmann, 1988). I

am not aware of comparable findings to these in any other

strain of mice (see Chapter 10.1 p 220-221).

It is of interest to note that Maudlin & Fraser (1977)

reported that the incidence of triploid embryos increased

when the dose of PMSG was increased and the mouse eggs

were fertilised in vitro. In preliminary experiments

they used males with a T6 'marker' chromosome to

distinguish the male chromosome complement. From this

they concluded that the sperm-derived chromosomes were

less condensed than those derived from the egg (McGaughey

& Chang, 1971; Donahue, 1972). It was using this

differential condensation of the paternal and maternal

chromosomes at the 1st cleavage mitosis that they

identified whether the triploids produced where diandric

or digynic. They decided that these triploids were
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probably all dispermic in origin, as three discrete

groups of 20 chromosomes were invariably seen at the 1st

cleavage mitosis, 2 sperm-derived groups of chromosomes

which were less condensed than the oocyte-derived group

of chromosomes. Our triploid LT/Sv 1st cleavage

chromosome spreads characteristical1y have only two

chromosome groups present, an oocyte-derived set with 40

chromosomes present, and a sperm-derived set containing

20 chromosomes. No triploid spreads were encountered in

the present study in which three discrete groups each

containing 20 chromosomes were seen. This suggests that

no examples of dispermic triploidy were encountered. It

would, however, have been useful to have used males

carrying a 'marker' chromosome to confirm this.

The underlying mechanism in LT/Sv strain mice that leads

to eggs being ovulated as primary rather than secondary

oocytes remains to be established. Eppig (1978) observed

that there was an association between the presence of

mature oocytes within follicles having only a single

layer of granulosa cells (granulosa cell deficient

fol1icles-GCD) and ovarian teratocarcinogenesis in LT/Sv

females. O'Neill & Kaufman (1987) however thought that

the GCD follicles are probably not capable, for purely

mechanical reasons, of ovulating their oocyte and they

proposed that a possible third class of 'unstable'

follicle may exist that are morphologically normal in

appearance but are capable of developing an aberrant

relationship with the developing oocyte contained within
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them. The oocytes ovulated from these 'unstable'

follicles would be those that are ovulated as primary

oocytes, but have the initial developmental potential of

normal secondary oocytes. At present preliminary

experiments are going on to establish the genetic basis

of why the LT/Sv strain females ovulate primary oocytes

which are capable of being fertilised and

post-implantation development. The influence of

exogenous hormones on LT/Sv females to ovulate a higher

incidence of primary oocytes than usual suggests that

the 'unstable' follicles, which are presumed to ovulate

the primary oocytes, are more susceptible to the action

of the exogenous hormones than the follicles which

ovulate the normal secondary oocytes.

The analysis of the chromosome constitution of

post-implantation embryos isolated from LT/Sv strain

females of various ages on the 10th day of gestation, has

clearly demonstrated that the incidence of triploidy

decreased from 54.7% in the group of 6-week old females,

to 6% in the group of 30-week old females. There appear

to be at least two complementary factors involved that

provide an explanation for the significant reduction

observed in the incidence of triploid embryos in

association with increasing maternal age. First, the

number of females from which only diploid embryos are

recovered significantly increases in association with

increasing maternal age. Secondly, there is a

substantial decrease in the proportion of triploid
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embryos present in females from which both triploid and

diploid embryos are recovered with increasing maternal

age. The mean number of implantation sites present in

each female in all of the different age groups was not

significantly different. Furthermore, there was an

insufficient increase in the number of resorptions

present in the older females which may have accounted for

the decreasing incidence of triploidy observed in the

older age groups. Previous studies have indicated that

the number of implants observed on the 10th day of

gestation is not significantly different from the number

of eggs ovulated, being confirmatory evidence that no

selective loss of triploids occurs during the pre- and

early post-implantation period (Kaufman & Speirs, 1987).

The findings reported here indicates that the age of the

LT/Sv females closely correlates with the proportion of

primary and secondary oocytes ovulated, as well as the

incidence of females which ovulated only normal secondary

oocytes.

As far as I have been able to establish, no comparable

phenomenon appears to have previously been reported in

the literature. Indeed, other experimental studies in

the mouse have demonstrated that the frequency of

triploidy does not appear to be affected by maternal age

(Gosden, 1973; Yamamoto et al., 1973), neither has a

similar situation been observed in man (Carr, 1971a),

though a clear relationship with aneuploidy is now well

established (for recent reviews, see Bond & Chandley,
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1983; Dyban & Baranov, 1987). It should be noted that an

increased risk of both hydatidiform mole and

choriocarcinoma exists in older women (Buckley, 1987),

though these conditions are a consequence of diandric but

not digynic triploidy in the case of 'partial' moles, and

diandric diploidy in the case of the 'complete' moles.

In the majority of cases spontaneous triploidy in the

mouse results from digyny (Braden & Austin, 1954;

Wroblewska, 1971; Baranov, 1976; and for review see Dyban

& Baranov, 1987), and a similar situation is believed to

occur in rabbits (Carothers & Beatty, 1975; Beatty &

Coulter, 1978). This contrasts with the situation

observed in various other species (e.g. the rat:

Bomsel-Helmreich, 1965), as well as in man (Jacobs et

al., 1982a,b; Surti, 1987 ), where most examples of

spontaneous triploidy probably result from dispermy. In

hamsters and in mice, and possibly in other mammalian

species, digynic triploidy can also result from the

monospermic fertilisation of giant diploid oocytes

(Funaki & Mikamo, 1980a,b; Funaki, 1981).

However, in neither A/He or NMRI/Han strains has any

indication been reported of a relationship between

maternal age and an increase or decrease in the incidence

of primary oocytes ovulated. In all of the other mouse

strains in which the incidence of the ovulation of

primary oocytes has been investigated, very few primary

oocytes have been observed. Indeed, only a very small

proportion of mouse eggs are ovulated at stages other
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than metaphase of the second meiotic division, and

similar findings have been reported in relation to other

rodents (Austin & Braden, 1954; Austin & Walton, 1960;

Austin, 1961). The incidence is said to be slightly

higher after induced ovulation in most of these species

(Austin, 1969). In the dog (Van der Stricht, 1923), the

fox (Pearson & Enders, 1943) and the horse (Hamilton &

Day, 1945), eggs are normally ovulated as primary

oocytes, but meiotic maturation continues in the oviduct,

and sperm penetration only takes place once the egg has

matured to metaphase of the second meiotic division.

Although recently, cytological and cytogenetic analysis

of horse oocytes, isolated from mature preovulatory

follicles after HCG treatment, has shown that the

majority exhibited a first polar body and the chromosome

constitution of secondary oocytes (King et al., 1987).

In the light of this analysis it would be appropriate to

examine again the state of meiotic maturation of

preovulatory or freshly ovulated oocytes in the dog and

the fox.

One explanation proposed for the reduced fertility of

aged LT/Sv females was the high rate of unilateral or

occasionally bilateral ovarian teratomas present in

females over the age of 90 days (Stevens & Varnum, 1974).

This explanation is inapplicable in the case of our own

stock of LT/Sv mice, which were obtained from MRC

Carshalton and maintained in Edinburgh for over 3 years,

as very few females aged 5-8 months show morphological or
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histological evidence of ovarian teratoma formation.

Furthermore, despite retaining the ability of ovulated

eggs to undergo spontaneous parthenogenetic activation

both in vivo and in vitro, few of the abnormal

morphological features of the ovaries described in

earlier studies of this strain (Stevens & Varnum, 1974;

Stevens, 1975; Eppig, 1978) are observed on histological

analysis of the ovaries in our colony of LT/SV mice.
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5.1 Introduction

It is essential that attempts are made to establish

simple and reliable means of obtaining triploid mammalian

conceptuses in sufficient numbers to allow appropriate

embryological studies to be carried out on the pre- and

post-implantation stages of embryogenesis. Since

relatively few human triploid conceptuses are available

for analysis.

A number of experimental techniques have been developed

over the years which facilitate the routine production of

haploid, digynic triploid and tetraploid mammalian

embryos (reviewed by Niemierko & Opas, 1978;Kaufman,

1983; Dyban & Baranov, 1987). One of the most efficient

techniques for obtaining digynic triploid mouse embryos

involves the exposure of recently fertilised eggs to

Cytochalasin B (Niemierko, 1975, 1981; Niemierko & Komar,

1977). Highest rates of triploidy are achieved when eggs

are incubated in vitro in tissue culture medium

containing this agent shortly after fertilisation has

occurred, during the period of second polar body

extrusion, when the eggs are completing their second

meiotic division. Second polar body extrusion is

effectively inhibited, and consequently both products of

the second meiotic division are retained within the egg.

Previous attempts to obtain digynic triploid mouse

development in vivo following the intraperitoneal
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injection of mitotic inhibitors such as colchicine,

artificial insemination in the presence of these agents,

or by delayed matings, have either been entirely

unsuccessful (Niemierko, 1975, 1981) or only marginally

successful (Marston & Chang, 1969), generally with the

production of heteroploid rather than triploid

conceptuses (Edwards, 1954, 1958, 1961; McGaughey &

Chang, 1969). I have been more successful in this

regard, and I am able to report that when an appropriate

dose of Cytochalasin D was given to recently mated

females during a restricted period following induced

ovulation, between 14-18% of all conceptuses isolated on

the 10th day of gestation had a digynic triploid

chromosome constitution.
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5.2 Materials and Methods

Eight- to twelve-week old F1 hybrid female mice were

induced to ovulate by giving a 2.5 i.u. intra-peritoneal

(i.p.) injection of PMSG followed 48h later by 2.5 i.u.

of HCG. The females were then caged with F1 hybrid males

and the following morning the females were checked for

the presence of a vaginal plug, this was taken as

evidence of mating. The morning of finding a vaginal

plug was considered to be the first day of pregnancy.

The female mice that had mated were given an i.p.

injection of 15 ^g Cytochalasin D at various times after

the HCG injection for inducing ovulation (i.e. at 11h,

11.5h, 12h, 12.5h, 13h, 13.5h, and 14h after the HCG

injection). An additional group of F1 hybrid females

that had previously been mated to F1 hybrid males were

not exposed to an injection of Cytochalasin D. The latter

acted as 'uninjected' controls, and were subsequently

used to try to establish whether the exposure of 1-cell

stage embryos to this agent might have a long-term

influence on the development of normal diploid fertilised

embryos isolated from litters which contained both

diploid and triploid conceptuses.

All the females were autopsied at midday on the 10th day

of gestation. The numbers of implantation sites present,

embryos recovered and resorptions were noted. The

embryos recovered were dissected free from within their

extra-embryonic membranes and the crown-rump length of
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the fully 'turned' embryos was measured and the

developmental stage achieved by all conceptuses noted. A

note was also made of the morphological appearance of all

of the developmentally retarded embryos, and these were

subsequently fixed in Bouin's solution to allow

histological analysis to be undertaken. The chromosome

constitution of all of the somite stage or more advanced

embryos was determined from the cytogenetic analysis of

the amnion and yolk sac as described previously. In the

case of the pre-somite stage embryos the whole embryo was

used to establish its chromosome constitution. All of

the more advanced triploid conceptuses were analysed

histologically.

In order to establish that the triploids obtained were in

fact digynic rather than diandric in origin, an

additional group of F1 hybrid females that had been mated

to fertile homozygous Rb(1.3)1Bnr males were exposed to

an i.p. injection of 15jug of Cytochalasin D at 12.5h
after HCG. These males have 38 chromosomes in their

complement, two of which are large metacentrics, being

Robertsonian translocations involving chromosomes 1 and 3

(mouse 2n = 40). Consequently, following fertilisation

by spermatozoa from these males, the paternally derived

haploid genome contains 18 acrocentric and 1 metacentric

'marker' chromosome. Thus if eggs with a normal

chromosome complement are fertilised by 2 spermatozoa

from these males, giving rise to a diandric triploid

conceptus , a mitotic spread from such an embryo would
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contain 58 chromosomes, two of which would be the large

metacentric 'marker' chromosomes. Mitotic spreads from

digynic triploids on the other hand would contain 59

chromosomes, only one of which would be a large

metacentric 'marker' chromosome.

Additional groups of F1 hybrid female mice were injected

with similar levels of exogenous gonadotrophins to those

described above, and autopsied at half-hour intervals

between HCG + 10.5h and HCG + 14h in order to establish

their ovulation profile.
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5.3 Results

5.3.1 Incidence of triploidy established on the 10th day

of gestation follow1ng the exposure of females to

Cytochalasin D at or shortly after the time of ovulation.

i ) F1 hybrid females mated to F1 hybrid males.

The results of the cytogenetic analyses performed on the

conceptuses isolated on the 10th day of pregnancy are

presented in table 5.1. The highest incidence of

triploidy (18.3%) was obtained when the injection of

cytochalasin D was given at HCG + 12.5h. Indeed, a

significant elevation in the incidence of triploidy

beyond control levels was only obtained when exposure to

this agent occurred between HCG + 12h to HCG + 13h. At

HCG + 12h the incidence of triploidy was 14.7% while at

HCG + 13h 13.5% of the embryos recovered had a triploid

chromosome constitution. When exposure to Cytochalasin D

occurred outwith this time period, the incidence of

triploidy was either extremely low (i.e. 1.8% at HCG +

11.5h), or no triploid conceptuses were recovered (i.e.

at HCG + 11h and HCG + 13.5h). There appears therefore

to be a critical time period during which the injection

of Cytochalasin D is effective in suppressing the

extrusion of the second polar body and inducing the

development of digynic triploid conceptuses.
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Table
5.1Incidence

of

Cytochalasin
D

(CCD)induced
triploidy
in

embryos
recovered
on

the

10th
day

of

pregnancy

Groups
Time

of

injection
of

CCD

(hours
after

HCG)

No.
offemalesanalysed
No.

ofimplantationsites

No.
ofresorptions
No.

ofembryosrecovered
Cytogenetic

analysis

No

Diploid
Triploid

NA
••

Total
embryos

■

analysedcytogenetlcally
%

Triploid

1

11

3

53

1

53»

1

52

0

52

0.0

2

11.5

6

58

2

57*

0

56

1

57

1.8

3

12

7

69

2

68#

0

58

10

68

1A.7

A

12.5

10

99

5

9A

1

76

17

93

18.3

5

13

5

60

2

59*

0

51

8

59

13.5

6

13.5

6

50

9

A1

0

A1

0

A1

0.0

7

1A

5

93

10

83

0

83

0

83

0.0

8

Control

5

56

1

57

0

57

0

57

0.0

No

CCDgiven

•

Two

embryos
found
in

one

decidual
swelling
in

each
of

these
groups

••

Not

analysable



Of the total of 36 triploid embryos recovered on the 10th

day of gestation from this first series of experiments,

15 were present in the form of disorganised or empty sacs

(examples of the 'triploidy syndrome' first described in

detail by Wroblewska, 1971) or primative streak stage

embryos, 4 were at the headfold/pre-somite stage, 13 were

'unturned' embryos with up to about 10 pairs of somites

present, 2 were partially 'turned' embryos and 2 were

very early 'turned' embryos with about 15-20 pairs of

somites present.

In four instances two embryos were recovered from the

one decidual swelling in which there were two separate

yolk sacs. These probably arose from the situation in

which two fertilised eggs implanted in the uterus very

close together and the decidual swellings merged

together as they grew, giving the appearance of one

large decidual swelling.

ii) £1 hybrid females mated to Rb(1.3)1Bnr males.

In the second series of experiments in which F1 hybrid

females were mated to homozygous Rb(1.3)1Bnr males, and

the females subsequently injected with 15jjg Cytochalasin
D at 12.5h after the HCG injection, a total of 8 females

were autopsied on the 10th day of gestation. The

incidence of triploidy observed in the embryos isolated

from these females was 18.1% (15 out of 83 conceptuses

analysed were triploid). Furthermore, all of the
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triploid mitotic spreads analysed contained 59

chromosomes, one of which was a large metacentric

'marker' chromosome (see figures 5.1 & 5.2). No examples

of mitotic spreads were observed in which 2 'marker'

chromosomes were present. This observation provides

cytogenetic evidence that all of the triploid conceptuses

analysed in this group were digynic in origin. While

this does not provide unequivocal proof that all of the

triploids analysed in the first series of experiments

were of a similar type, it would seem to be reasonable,

albeit indirect, evidence that probably all of these were

also digynic in origin.

5.3.2 Ovulation profile of F1 hybrid females fol1owing

superovulation treatment.

An ovulation profile for the F1 hybrid female mice was

established by isolating cumulus masses from the oviducts

of superovulated females and determining how many eggs

were present in cumulus at various times after the HCG

injection. The results of this analysis are shown in

table 5.2. A limited number of cumulus-free eggs were

often also present, but were excluded from this analysis

as it is believed that these are induced to ovulate in

response to the follicle-priming injection of PMSG rather

than in response to the ovulatory stimulus of the HCG

injection (see Burdick & Whitney, 1941; Kaufman &

Whittingham, 1 972 ) .
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Figure 5.1.

Representative metaphase spread, with associated
karyogram, from a Cytochalasin D induced digynic triploid
mouse embryo with a 60,XXX sex chromosome constitution.
The presence of the large metacentric Robertsonian
translocation between chromosomes 1 and 3 acts as a

'marker' chromosome of paternal origin which provides
unequivocal evidence of the digynic origin of this
triploid embryo.
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Figure 5.2.

Representative metaphase spread, with associated
karyogram, from a Cytochalasin D induced digynic triploid
mouse embryo with a 60,XXY sex chromosome constitution.
The presence of the large metacentric Robertsonian
translocation between chromosomes 1 and 3 acts as a

'marker' chromosome of paternal origin which provides
unequivocal evidence of the digynic origin of this
triploid embryo.
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Table 5.2

Ovulation profile of (C57BL x CBA) F1 hybrid female mice
following superovulation with2.5 i.u. PMSG followed A8h
later by 2.5 i.u. HCG

Groups Time after Total mice Mean number of eggs
HCG injection per group ovulated per mouse

(h) * (+ s.e.m.)

1 10.5 3 0

2 11 5 2.A + 0.68

3 11.5 5 10.2 + 0.65

A 12 6 1A.0 + 2.89

5 12.5 6 15.6 1.51

6 13 5 17.A + 1.93

7 13.5 5 18.A + 2.71

8 1A 5 18.0 + 2.90

* only eggs collected from within cumulus masses are
included
(for discussion, see text)



5.3.3 An analysis of the crown-rump 1engths of normal

diploid embryos isolated from unin.iected females and from

females previously exposed to Cytochalasin D.

In order to establish whether the exposure to a single

injection of Cytochalasin D had any long-term

detrimental effect on the development of those embryos in

which suppression of second polar body extrusion did not

occur, the crown-rump lengths of a substantial number of

normal diploid forelimb bud stage embryos isolated from

uninjected and injected females were measured. In the

first series of embryos analysed, these were isolated

from pregnant females that had not at any stage been

exposed to Cytochalasin D. The crown-rump length was also

measured in a similar number of normal diploid embryos

isolated from experimental females which had previously

been exposed to an injection of Cytochalasin D. These

embryos were all isolated from litters which contained

both diploid and triploid conceptuses.

In the uninjected 'control' series, the mean crown-rump

length (i s.e.m.) was 3.01 ± 0.06 mm, whereas the
diploid embryos in the

comparable figure for the^experimental series was 2.37 1
0.05 mm. This difference in the crown-rump length was

clearly significant (t=12.952, d.f. 88, p<0.001), and

could only have resulted from the influence, either

direct or indirect, of the exposure of recently ovulated

eggs to this agent. The crown-rump lengths of the few
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substantially smaller than those of their normal diploid

'turned' triploid embryos that were encountered were

1ittermates.
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5.4 Discussion

My findings indicate that it is possible to obtain

reasonable rates of digynic triploid development in F1

hybrid mice, and presumably in other strains of mice, if

recently mated females are given a single i.p. injection

of Cytochalasin D during a relatively restricted period

shortly after ovulation. The critical feature of this

experimental approach would seem to be that exposure to

this agent must occur during the brief period following

fertilisation when the egg is about to extrude its second

polar body.

If this agent is given too early, either prior to

fertilisation or before the egg is stimulated to undergo

the series of events that lead to the completion of the

second meiotic division, only very low rates of triploidy

were achieved. Similarly, if exposure to this agent

occurs after the various events associated with second

polar body extrusion have been initiated, then only

normal diploid embryos result.

It is of interest to note that reasonable rates of

triploidy were only recorded in the present study when

eggs were exposed to cytochalasin D at 12, 12.5 and 13h

after the HCG injection for inducing superovulation.

While it is likely that significantly higher rates of

triploidy could have been induced in vivo by increasing
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the dose of cytochalasiri D, the relationship to the time

of the HCG injection during which triploidy is induced

would be similar. As may be observed from the ovulation

profile of the F1 hybrid females, the first evidence of

ovulation was observed at 11h after the HCG injection,

but maximal rates were achieved between 1 and 1.5h

later.Mating generally occurs prior to ovulation, so that

spermatozoa are already present within the oviduct when

the eggs are released from the ovary. In this study,it

is believe that triploidy only occurred in those eggs

that were exposed to appropriate levels of Cytochalasin D

when they were passing through a critical phase of the

second meiotic division, when the second polar body was

about to be extruded.

It is unclear why a maximum of only about 14-18% of the

eggs exposed to this agent developed as triploids.

Several possibilities exist. Firstly, the injected

Cytochalasin D may only achieve effective levels for a

relatively short period of time, after which it may be

rapidly diluted and/or cleared from the circulation.

Since the eggs destined for ovulation are released from

the ovary over the period of about 2 hours, it should not

be surprising if sequential stages may be present within

the population of eggs present in the oviduct at any one

time (Edwards & Gates, 1959), only a proportion of which

may be susceptible to the inhibitory effect of

Cytochalasin D. As indicated previously, it is likely

that the level of triploidy achieved may to some extent
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depend on the dose of this agent to which the females are

exposed.

As Cytochalasin D interferes with the normal functioning

of the microfilament component of the cellular

cytoskeleton system, it is particularly efficient in

inhibiting cytokinesis, especially when exposure to this

agent occurs in vitro (Snow, 1973; Balakier & Tarkowski,

1976; Hoppe & Illmensee, 1977). More recently, this

agent has been used for stabilising cell membranes during

micromanipulation studies (McGrath & Solter, 1984). By

contrast, exposure to colchicine and Colcemid, which

interfere with the microtubular components of the

cytoskeleton, tend to interfere with chromosome

segregation at the usual levels given in in vivo studies,

or interfere with cytokinesis at higher and more toxic

levels of exposure (Edwards, 1954, 1958, 1961; McGaughey

& Chang,1969).

The principal advantage of this direct approach, compared

to the exposure of recently fertilised eggs to similar

agents in vitro, or the use of sophisticated

micro-manipulatory techniques to produce triploidy

(Niemierko & Opas, 1978; Kaufman, 1983; Dyban & Baranov,

1987) is that no operative intervention is required. By

contrast, in these two in vitro approaches the

'experimental' or 'operated' embryos have to be

transferred to pseudopregnant recipients. The only

disadvantage of the in vivo approach described here would

seem to be that the genetic status of all embryos that
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survive to the early post-implantation period has to be

confirmed cytogenetical1y, since litters inevitably

contain a mixture of experimental 1y-induced digynic

triploid conceptuses and normal fertilised diploid

embryos in which second polar body extrusion occurred

despite exposure to cytochalasin D. This is of course not

an insurmountable problem, as either intact conceptuses

or the extra-embryonic membranes of more advanced

conceptuses that progress beyond the early somite stage

of development may be analysed cytogenetical1y. In the

latter case, the embryo may be retained intact for

morphological, biochemical or other forms of analysis.

The fact that both normal diploid embryos and digynic

triploid conceptuses are capable of developing and

coexisting within the same female, has the singular

advantage that it allows the development potential of the

latter group to be readily compared with their normal

diploid 1 i tterrr.ates .

The other advantage of this technique is that only

digynic (rather than diandric) triploids are produced.

The presence of an appropriate paternal 1y-derived

'marker' chromosome in the second series of experiments

described here provides convincing cytogenetic evidence

that diandric triploid embryos resulting, for example,

from dispermy, are not induced by the exposure of

recently ovulated eggs to Cytochalasin D. At least two

possible explanations exist for this finding. Firstly,

and possibly the most likely reason, the Cytochalasin D,
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at the level of exposure occurring in these experiments,

neither interferes with the cell surface events that

occur at the time of sperm-egg interaction, nor with the

various blocks to polyspermy that occur shortly after

sperm-induced activation of the egg (Austin, 1965;

Kaufman,1983). Secondly, any diandric triploids that may

be produced fail to survive to the early

post-implantation period. This latter possibility is

unlikely, as diandric triploid mouse embryos in this and

in other strains of mice are generally capable of

developing to at least the early somite stage (Kaufman,

Lee & Speirs, 1989a).
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CHAPTER 6

THE POST-IMPLANTATION DEVELOPMENT OF DIANDRIC TRIPLOID

AND DIGYNIC TRIPLOID EMBRYOS PRODUCED BY

MICRO-MANIPULATION OF PRONUCLEI.
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6 . 1 Introduction

Considering that 1-3% of all recognised human conceptions

are believed to be triploid (Carr, 1971a,b; Neibuhr,

1974; Boue, Boue & Lazar, 1975; Beatty, 1978), little is

known about the influence of their triploid genotype on

their embryogenesis. Until quite recently, difficulties

were often encountered in establishing the exact

developmental origin of human triploid fetuses, namely

whether they were diandric or digynic in origin. It now

appears that about 85% of human triploids result from

dispermy/diandry, and only about 15% from digyny (Surti,

1987).

However, because of the technical difficulties

encountered in the analysis of human triploid material,

it was decided to investigate, in an experimental model

whether the presence of a diandric or digynic triploid

genome per se had any influence on mammalian

embryogenesis. Diandric and digynic triploid mouse

embryos that had been produced experimentally following

the microsurgical insertion of a male or female

pronucleus, respectively, into a normal fertilised 1-cell

stage egg were analysed morphologically and

cytogenetical1y during the early post-implantation

period. Using this approach, combined with the use of an

appropriate paternal 1y-derived 'marker' chromosome, it

was possible to confirm the diandric or digynic triploid

status of the analysed embryos.
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As the experimental procedure used resulted in

particularly high rates of implantation, it was possible

to isolate and analyse a high proportion of the

transfered conceptuses. The morphological features and

developmental stage achieved by each conceptus was also

assessed.
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6,2 Materials and Methods

Eight- to twelve-week old F1 hybrid female mice were

superovulated and caged, in the preliminary series of

experiments, with F1 hybrid males. Early the following

morning the females were checked for the presence of a

vaginal plug and the latter was taken as evidence of

mating, this was considered to be the first day of

pregnancy.

Early pronucleate stage fertilised eggs were isolated at

about 10a.m. on the morning of finding a vaginal plug.

In the first series of experiments in which F1 hybrid

females were mated to F1 hybrid males, male pronuclei

were isolated with a small volume of cytoplasm from

'donor' eggs and transferred in the presence of

inactivated Sendai virus into the perivitel1ine space of

'recipient' 1-cell stage fertilised eggs using standard

micro-manipulatory techniques (McGrath & Solter, 1983;

Howlett, Barton, & Surani, 1987). Evidence of

cytoplasmic fusion was always seen within about 1 hour of

the micro-manipulatory procedure. The tripronucleate

diandric eggs were then transferred unilaterally to the

oviducts of recipients on the first day of

pseudopregnancy (this was subsequently considered to be

the first day of gestation).

These recipients were then autopsied at about midday on

the 10th day of gestation, and the number of implantation
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sites present, resorptions and embryos recovered were

noted. Cytogenetic analysis was performed on each embryo

recovered as described previously, in order to confirm

that they had a triploid chromosome constitution. All of

the developmentally more advanced conceptuses were, in

addition, analysed histologically. This experimental

group was termed series 1.

In order to establish that the triploids produced were

indeed diandric in origin, an additional group of

superovu1ated F1 hybrid females which had previously been

mated to fertile homozygous Rb(1.3)1Bnr males were

autopsied on the morning of finding a vaginal plug. Male

pronuclei were again isolated from 'donor' eggs and

transferred into the perivitel1ine space of 'recipient'

eggs derived from the same mating combination in order to

obtain diandric triploid eggs. Consequent!y these

diandric triploid eggs contain a total of 58 chromosomes,

two of which would be the large metacentric 'marker'

chromosomes. This experimental group has been termed

series 2.

A further group of superovu1ated F1 hybrid females were

mated to fertile homozygous Rb(1.3)1Bnr males, but in

this series female pronuclei were isolated from 'donor'

eggs and transferred, as described previously, into the

perivitel1ine space of 'recipient' eggs derived from the

same mating cross in order to obtain digynic triploid

eggs. These digynic triploid eggs were then transferred
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to recipients as previously described and autopsies

carried out on the 10th day of gestation in order to

analyse the development potential of these triploid

conceptuses. Mitotic spreads from these digynic

triploids, with two genetically normal maternal 1y-derived

pronuclei and one paternal 1y-derived Rb(1.3)1Bnr

pronucleus would inevitably contain 59 chromosomes, only

one of which being a large metacentric 'marker'

chromosome. This experimental group has been termed

series 3.

An additional group of oviduct transfers was also carried

out in which pronucleate stage normal diploid fertilised

eggs were transferred to recipients on the first day of

pseudopregnancy. These embryos acted as controls for

the three experimental series described above. This

control group has been termed series 4.
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6■3 Resu1ts

6.3.1 Series 1 The development of £1 x £1 diandric

tr1plold embryos

The results of this first series of experiments are

presented in table 6.1 . The implantation rate in this

series was 80.5%, and 19 out of 21 of the conceptuses

isolated at midday on the 10th day of gestation from the

operated sides had a triploid chromosome constitution.

However, in the absence of an appropriate

paternal 1y-derived 'marker' chromosome, it was not

possible to establish whether these conceptuses were in

fact diandric or digynic in origin. Nevertheless, the

age of the eggs at the time of micro-manipulation being

at the early pronucleate stage, and the location of the

female pronucleus being in close proximity to the second

polar body, allowed the male pronucleus to be recognised

with little difficulty. However, in those instances

where there was any doubt about the identity of the male

pronucleus, the egg was automatically excluded from the

study.

The two conceptuses isolated from the operated side that

had a diploid chromosome constitution were eggs that had

undergone micro-manipulation, but in which the 'donor'

nucleus had probably failed to incorporate and take part

in the subsequent development of these conceptuses.

Alternatively, these diploid conceptuses might have
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Table
6.1Post-implantation

development
and

cytogenetic
analysis
of

diandric
and

digynic
triploid

conceptuses
isolated

on

the

10th
day
of

gestation
following

the

transfer
of

tripronucleate
eggs
to

the

oviducts
of

pseudopregnant
recipients

Group

No.

No.

embryos
No.

No.

No.

Triploidy

Diandric/digynic

recipients
transferred
implantations

resorptions
conceptuses
confirmed

triploidy
confirmed

isolated

cytogenetically
cytogenetically

1.

F1

hybrid
females

6

x

F1

hybrid
males

(diandric
triploid

conceptuses)
2.

F1

hybrid
females

x

Rb(1.3)1
Bnr

marker
males

a.

Diandric
triploid
7

conceptuses
b.

Digynic
triploid
5

conceptuses
3.

F1

hybrid
females

3

x

F1

hybrid
males

(diploid
fertilised

controls)

41

33

12

39

34

9

28

24

6

18

17

3

21

19

NA**

25

25

25

18

18

18

14

**

Impossible
to

confirm
diandric

status

unequivocally
in

the

absence
of
a

paternally-derived
'marker'

chromosome.



resulted from the recipients' own eggs that had been

activated parthenogenetical1y. The latter is the less

likely scenario for the reasons indicated below (see

section 6.3.6). Since the developmental stage achieved

by the triploid conceptuses in this series appeared in

all respects to be identical to that achieved by the

diandric triploids from series 2, the findings from these

two series have been combined, and are for convenience

presented at the end of the next section.

6.3.2 Series 2 The development of FJL (female) x

Rb(1.3)1Bnr (male) diandric triploid embryos.

The results of this series of experiments are presented

in Table 6.1. The implantation rate in this series was

87.2%, and all of the conceptuses isolated on the 10th

day of gestation from the operated sides had a triploid

chromosome constitution. However, in the presence of an

appropriate paternally-derived 'marker' chromosome, it

was possible to establish whether these conceptuses were

diandric or digynic in origin. In fact, analysis of the

metaphase spreads from these triploid conceptuses

unequivocally revealed that they all were diandric in

origin. All of these metaphase spreads had a total of 58

chromosomes present, two of which were the

paternal 1y-derived large metacentric 'marker' chromosomes

(see figure 6.1A).
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Figure 6.1.

B) Mitosis from the extra-embryonic membranes of a
diandric triploid conceptus. 58 chromosomes are present,
two of which are the large paternal 1y-derived metacentric
'marker' chromosomes (arrows).

A) Mitosis from the extra-embryonic membranes of a
digynic triploid conceptus. 59 chromosomes are present,
one of which is the large paternally-derived metacentric
'marker' chromosome (arrow).



 



Of the 44 diandric triploid conceptuses isolated (i.e.

19 'assumed' diandric triploids from series 1, and the 25

diandric triploids whose genotype had been confirmed

cytogenetical1y from series 2), the developmental stages

achieved varied widely. Nine were in the form of an

empty gestational sac, similar in many respects to the

'triploidy syndrome' first described in detail by

Wroblewska (1971). The other embryos recovered, however,

all appeared to be morphologically normal in appearance

but significantly smaller than normal fertilised embryos

at similar stages of development. Thus, 3 embryos were

at the advanced egg-cylinder or early primative streak

stage, 13 were at the early headfold/early somite stage,

15 were at the advanced 'unturned'/partial1y 'turned'

stage with about 10-15 pairs of somites present, while

the 4 developmental 1y most advanced embryos had all

'turned', and were at the forelimb-bud stage with about

20-25 pairs of somites.

6.3.3 Series 3 The development of £1 (female) x

Rb( 1 .3) 1 Bnr (male) digynic triploid embryos.

The results of this series of experiments are presented

in Table 6.1. The implantation rate in this series was

85.7%, and all of the conceptuses isolated on the 10th

day of gestation from the operated sides had a triploid

chromosome constitution. Analysis of the metaphase

spreads from these triploid conceptuses revealed that

they all were digynic in origin. All of these metaphase
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spreads had a total of 59 chromosomes present, only one

of which was the paternal 1y-derived large metacentric

'marker' chromosome (see figure 6.1B).

As in the diandric triploid series described above, the

developmental stages achieved by the digynic triploids

varied widely, though only 2 empty gestational sacs were

recovered. All of the other conceptuses recovered were

extremely small in size compared to fertilised embryos

isolated at a similar developmental stage. More

importantly, however, they were all clearly

morphologically abnormal. Three of the embryos recovered

were at the primitive streak stage, 8 were at the early

headfold/ear1y somite stage of development, while the

developmental1y most advanced 'unturned' stage, had about

10-15 pairs of somites present.

6.3.4 Series 4 The development of FJ_ x £1 normal

(diploid) ferti1ised embryos.

The results of this series of experiments are presented

in Table 6.1. The implantation rate in this series was

94.4%, and 14 out of 17 pronucleate stage embryos that

were transferred to recipients were recovered on the 10th

day of gestation. All were morphologically normal

'turned' forelimb-bud stage with more than 25 pairs of

somites present. Cytogenetic analysis of their

extra-embryonic membranes confirmed their diploid

chromosome constitution.
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6.3.5 Analysis of the extra-embryonic tissues of the

diandric and digynic triploids.

In an additional preliminary study in which F1 x F1

diandric triploid pronucleate stage embryos were

transferred to pseudopregnant recipients, the latter

were autopsied on the 9th day of gestation.

Approximately half of the implantation sites on the

operated sides were retained intact and analysed

histologocal1y, while the remaining conceptuses were

isolated from within the other implantation sites and

analysed cytogenetical1y. Since all of the latter group

had a triploid chromosome constitution, it seemed

reasonable to assume that the histological analysis had

in fact been performed on a group of diandric triploid

embryos. These embryos, which were mostly at the

advanced egg cy1inder/ear1y primitive streak stage of

development, and their extra-embryonic tissues, appeared

in all respects to be morphologically normal. The

developmental1y most advanced embryo in this series had

about 8-10 pairs of somites present, and also appeared to

be morphologically normal.

In all of the subsequent studies in which both diandric

and digynic triploid embryos were isolated on the 10th

day of gestation, the gross morphological appearance of

the extra-embryonic membranes present did not appear to

be different in any obvious way from that seen in normal

fertilised embryos isolated at similar developmental
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stages. However, it should be noted that in quantitative

terms, since these embryos were substantially smaller

than normal fertilised embryos isolated at similar

developmental stages, the relatively small volume of the

extra-embryonic tissues present appeared to be entirely

consistent with the small size of these embryos.

6.3.6 Implantaion sites in the non-operated uterine horns

In approximately one-third of recipients that were

autopsied on the 10th day of gestation, implantation

sites were present in the non-operated uterine horns. In

none of the 10 implantation sites of this type analysed

were either embryos or extra-embryonic tissues recovered.

In addition, in 4 instances more implants were present in

the operated sides than embryos were transferred. These

'additional' implants in fact result from the

parthenogenetic activation of the recipients' own eggs

which had probably been stimulated to develop by the

general anaesthetic given at the time of the oviduct

transfer. This is a well established phenomenon (see

Kaufman, 1975; Kaufman & Sachs, 1975; Kaufman, 1983). It

is also possible that the two diploid embryos recovered

from the operated side in series 1 (see table 6.1, group

1) might have resulted from the parthenogenetic

activation of the recipients' own eggs. This is

unlikely, however, since neither embryos nor

extra-embryonic membranes were recovered from the

implantation sites in the non-operated uterine horns.
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This hypothesis is also consistent with the findings in

previous studies in which parthenogenetical1y activated

eggs were transferred to intact (i.e.

non-ovariectomised) pseudopregnant recipients (Kaufman &

Gardner, 1974; Kaufman, 1983) in which no

post-implantation development was reported.

6,3.7 Histological appearance of the diandric and digynic

triploids.

a) Diandric triploids

As indicated elsewhere, the developmental 1y most advanced

diandric triploid embryos recovered from recipients on

the 10th day of gestation were morphologically normal and

had about 20-25 pairs of somites. Representative

sections through the cephalic and cardiac regions of the

developmental1y most advanced embryo in this series which

was serially sectioned are illustrated in figures 6.2

A&B. Representative histological sections through

approximately the same regions in a control fertilised

embryo are illustrated in figures 6.2 C&D. As the

extra-embryonic tissues in all of these advanced

somite-stage embryos were analysed cytogenetical1y to

confirm their triploid status, no histological sections

were taken of intact decidua so that no information is

available on the histological morphology of these tissues.
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Figure 6.2.

A) & B) Representative transverse histological sections
through the cephalic region (A) and cardiac region (B) of
an apparently morphologically normal diandric triploid
forelimb bud stage mouse embryo with about 20-25 pairs of
somites present. The genetic status of this embryo was
confirmed following an analysis of its extra-embryonic
membranes.

C) & D) Representative transverse histological sections
through the cephalic region (C) and cardiac region (D) of
a normal fertilised embryo from the control study at an
approximately similar stage of development to the
diandric triploid embryo illustrated in A & B. A-D are
all illustrated at the same magnification.

Note that while the morphological features of these two
embryos are remarkably similar, the overall dimensions of
the diandric triploid embryo are substantially smaller
than those of the normal fertilised embryo.

Key: f, forebrain
h, hindbrain
o, region of first branchial arch
a, common atrial chamber
v, ventricle
t, transverse section through tail region



 



b) Pigynic triploids

As the digynic triploids were, as a group,

developmental 1y less well advanced than the diandric

triploids, fewer embryos were examined histologically.

The somite-stage embryos that were dissected from within

their extra-embryonic membranes were invariably found to

be morphologically abnormal. The cephalic regions of all

of the most advanced embryos recovered, which had about

10-15 pairs of somites present, were clearly

morphologically abnormal. Most of these embryos showed

evidence of peripheral oedema, possibly indicative of

their impending death. A represenative sagittal section

through the most advanced relatively normal embryo from

this series is illustrated in figure 6.3. One common

feature that was observed in almost all of the primitive

streak and headfold stage embryos was the presence of an

enlarged allantois. The significance of this has yet to

be established, but a similar observation has been noted

previously (Surani & Barton, 1983).
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Figure 6.3.

Representative sagittal histological section through an
advanced 'unturned' digynic triploid embryo with about
8-10 pairs of somites. The cephalic region (c),
primitive heart tube (h), somites (s) and base of the
allantois (a) are clearly seen. This embryo was the most
normal of the digynic triploids that were studied
histologically.



 



6.4 Discussion

Recent experimental studies have indicated that the male

and female genomes are both essential for normal

development to occur and have complementary roles. The

female genome is thought to play an essential role in

controlling pre-implantation embryonic development and

embryogenesis, whereas the male genome is believed to

play an essential role in the establishment of the

extra-embryonic tissues (such as the yolk sac and

trophoblast) and the placenta (McGrath & Solter, 1983,

1984; Surani & Barton, 1983; Barton, Surani & Norris,

1984; Surani, Barton & Norris, 1984,1986; Mann &

Lovel1-Badge, 1984). These conclusions have been drawn

from the interpretation of the findings from an extensive

series of studies involving nuclear transplantation, and

from earlier studies in which the development potential

of parthenogenetic, gynogenetic and androgenetic embryos

had been analysed. In almost all of these studies,

diploid mouse embryos were produced where the source of

the two haploid pronuclei, and consequently their genetic

origin, was known. Furthermore, the eggs' cytoplasm in

these experimental studies was also from a known source,

being obtained, for example, following the enucleation of

normal fertilised eggs or from enucleated

parthenogenetical1y activated eggs (Kaufman, Barton &

Surani, 1977; Surani & Barton, 1983; Mann & Lovel1-Badge,

1984; Surani, Barton & Norris, 1984, 1986). The process

by which epigenetic modifications of some parental
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alleles can give rise to functional differences between

certain homologous chromosomal regions is called genomic

imprinting (Searle & Beechey, 1985; Cattanach, 1986).

In the present study, however, I was more interested in

investigating the influence of a diandric or digynic

triploid chromosome constitution on early embryogenesis

in the mouse. The limited clinical data from human

spontaneous abortus studies had indicated that a

relationship existed between the genetic constitution of

a triploid conceptus and the histological/morphological

features of its placenta. However, only minimal

information was available on the effect of these triploid

genotypes on the development of the embryo/fetus

(Niebuhr, 1974; Gosden, Wright, Paterson & Grant, 1976;

Wertelecki, Graham & Sergovich, 1976; Harris, Poland &

Dill, 1981; Blackburn et al., 1982). However, in man,

the presence of two paternal 1y-derived haploid sets of

chromosomes, in the absence of a maternal 1y-derived

genome (i.e. a diandric diploid), generally results in

the production of gross abnormalities in placental

morphology, with the formation of a 'complete' type of

hydatidiform mole - a condition which is invariably

associated with the absence of an embryo or indeed any

embryonic tissues (Szulman & Surti, 1978a,b; Szulman,

1987a). Diandric triploid conceptuses, on the other

hand, most of which probably result from dispermy, have a

different embryological origin (Kaufman, 1988) and

different histopathological features (Szulman & Surti,
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1978a, 1978b). In these conceptuses, the placentas show

localised areas of hydropic change and trophoblastic

pro!iferative activity, giving rise to the 'partial' or

'incomplete' type of hydatidiform mole (Szulman, 1987b).

These are almost invariably associated with the presence

of either an intact embryo/fetus or recognisable

embryonic derivatives. In the case of the digynic

triploids, however, the placenta shows no characteristic

abnormal features, though it may show evidence of

localised hydropic changes, similar to those occasionally

encountered in the placentas of spontaneous abortuses

with a normal diploid chromosome constitution. Usually

an embryo/fetus is present (Jacobs et al., 1982a).

It has generally been accepted that the human and the

mouse data are complementary, and that it is therefore

valid to extrapolate from one species to the other.

These findings, however, suggest that any relationship

that might exist between the genotype and phenotype of an

individual may be substantially more complex than has

previously been suggested. Clearly the situation

regarding the extra-embryonic tissues is not comparable,

since mice do not display the placental changes seen in

human hydatidiform moles.

It is believed that this report represents the first

demonstration that some diandric triploid mouse embryos

are capable of developing to at least the 20-25 somite

stage, and that these embryos appear, on gross inspection
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and on histological analysis, to be morphologically

normal. This is in marked contrast to the digynic

triploids which, when isolated from recipients at a

comparable stage of gestation were, as a group, generally

more retarded in their development than the diandric

triploids. More significantly, at least in the case of

the primitive streak and developmental 1y more advanced

embryos, they were invariably morphologically abnormal.

The abnormalities observed in the digynic triploid

advanced somite stage embryos produced in the present

study by nuclear transfer were remarkably similar to

those observed in the LT/Sv strain digynic triploid

advanced somite stage embryos produced by the monospermic

fertilisation of ovulated primary oocytes (see Chapter

3). In both groups of digynic triploids, the most common

abnormalities encountered were confined to the neural

tube, due to defects in its morphogenesis, often

resulting in closure defects involving the cephalic

region. In the most advanced somite stage digynic

triploid embryos, vascular stasis was often encountered

in the cephalic region, sometimes associated with

peripheral oedema, though in all instances spontaneous

contractions of the heart were seen. It is believed that

these vascular problems may have been indicative of the

impending death of these embryos. These findings in

relation to the digynic triploids are in general

agreement with those of Surani & Barton (1983, see also

Surani, 1985) who produced digynic triploid mouse embryos

by suppressing the extrusion of the second polar body
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using Cytochalasin treatment. These embryos were

invariably retarded in their development compared to the

controls. The most advanced embryos obtained had about

15-16 pairs of somites, but had 'a variety of

abnormalities' and showed evidence of problems associated

with the process of 'turning', and were all in poor

condition 'and deteriorating' at the time of their

isolation. In the less well developed embryos, the

presence of a prominent amnion and abnormal allantois

were noted.

The fact that the extra-embryonic tissues of the diandric

triploids did not appear on gross inspection or, in the

case of the primitive streak and early somite stage

embryos, on histological examination, to be

morphologically abnormal was unexpected, though less so

in the case of digynic triploids. This finding suggests

that the relationship which has been commonly assumed

to exist between the genetic status of a conceptus and

the differentiative capacity of its extra-embryonic

components may not be quite as straightforward as some

investigators have recently proposed (McGrath & Solter,

1984; Surani, Barton & Norris, 1984; Surani, 1985, 1986).

Certainly, direct extraploation from the human placental

findings would seem to indicate that the extra-embryonic

derivatives in the diandric triploid mouse conceptuses

should show evidence of excessive trophoblastic

proliferative activity. However, no very obvious

differences were observed in this study between the
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extra-embryonic tissues of the diandric and the digynic

triploids. Furthermore, considering that both groups of

triploids were substantially smaller than normal

fertilised embryos analysed at comparable stages, the

extra-embryonic membranes present (on a volume for volume

basis) were not noticeably different from those expected

in controls isolated at similar developmental stages.

While the extra-embryonic findings in my triploid mouse

embryos may not, presumably due to species differences,

be comparable to the situation observed in man, the

influence of a diandric or digynic triploid genome on

embryogenesis may nevertheless be similar, particularly

in relation to the production of severe intra-uterine

growth retardation which is invariably seen in human

triploid conceptuses (Niebuhr, 1974; Gosden, Wright,

Paterson & Grant, 1976; Harris, Poland & Dill, 1981;

Doshi,Surti & Szulman, 1983).
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CHAPTER 7

ANALYSIS OF JHE SEX CHROMOSOME CONSTITUTION OF EARLY

POST-IMPLANTATION DIANDRIC TRIPLOID MOUSE EMBRYOS

PRODUCED BY MICRO-MANIPULATION OF PRONUCLEI.
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fertilised embryos

7.3.3 Developmental stages achieved by the diandric

triploid embryos on the 10th day of gestation

7.3.4 Cytogenetic analysis of the G-banded preparations

from the diandric triploid embryos isolated

on the 10th day of gestation

7.3.5 The relationship between the sex chromosome

constitution of the diandric triploid embryos

and the developmental stage achieved on the 10th

day of gestation
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7■1 Introduction

In the absence of access to first cleavage or pre- and/or

early post-implantation human embryonic triploid

material, there seemed little liklihood that it would be

possible to investigate whether any relationship exists

between the development potential of the three classes of

diandric triploids and their genetic constitution in the

human. For this reason, it was decided to study the

early post-implantation embryonic development of diandric

triploid mouse embryos produced experimentally by the

technique of nuclear micro-manipulation (McGrath &

Solter, 1983). Using this approach, combined with the

use of an appropriate paternal 1y-derived 'marker'

chromosome, and G-banding analysis, it was possible to

confirm the diandric status of the triploid embryos that

had been analysed cytogenetical1y, and to establish their

sex chromosome constitution. It was also possible to

relate the developmental stages achieved by these embryos

at the time of their isolation to their sex chromosome

constitution. This information has allowed the

investigation, for the first time, of whether the genetic

constitution of a diandric triploid mammalian conceptus

influences its early embryogenesis, and to speculate

whether these findings, in relation to early

embryogenesis in the mouse, shed light on the likely

situation occurring during the early post-implantation

period in man.
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7.2 Materials and Methods

Eight- to twelve-week old F1 hybrid female mice were

superovulated and then caged with either homozygous

Rb(1.3)1Bnr males (series 1) or F1 hybrid males

(series 2). Diandric triploid embryos were produced as

described previously, and the tripronucleate diandric

embryos were then transferred unilaterally to the

oviducts of recipients on the first day of

pseudopregnancy. In the control series, normal

fertilised embryos were transferred unilaterally to the

oviducts of an additional group of pseudopregnant

recipients (series 2).

All the recipients were autopsied at about midday on the

10th day of gestation, and the numbers of implantation

sites present, resorptions and embryos recovered were

noted. Cytogenetic analyses of the extra-embryonic

tissues isolated from around the advanced 'unturned' or

developmentally more advanced embryos, or of the intact

smaller conceptuses, were made using a modification of

the technique described by Evans et al., ( 1972). The 16

developmentally most advanced embryos were

serially-sectioned for histological analysis. Karyograms

of the G-banded chromosome preparations were subsequently

prepared according to the Committee on the Standardized

Genetic Nomenclature for Mice (1972) and Nesbitt &

Francke (1973). The morphological normality or otherwise

of each conceptus was noted, and a brief description made
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of its developmental stage. Under normal cicumstances,

fertilised embryos isolated at about midday on the 10th

day of gestation might be expected to have achieved the

forelimb bud stage and possess between 25-30 pairs of

somites.
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7.3 Results

7.3.1 Series 1 .

The development of F1 (female) x Rb(1.3)1Bnr (male)

diandric triploid embryos

The results of this series of experiments are presented

in Table 7.1 (group 1). The implantation rate in this

series was 68.8%, and 95.5% of the conceptuses isolated

had a triploid chromosome constitution. Analysis of the

triploid metaphase spreads from these conceptuses

revealed that, with only one exception, a triploid which

had 59 chromosomes present, only one of which was the

paternal 1y-derived 'marker' chromosome and was clearly

digynic in origin, they all had a total of 58 chromosomes

present, two of which were the paternal 1y-derived large

metacentric 'marker' chromosomes (see Figures 7.1, 7.2

and 7.3), thus confirming their diandric origin.

7.3.2 Series 2.

The development of £i x £i normal (diploid) ferti1ised

embryos

The result of this series of control experiments is

presented in Table 7.1 (group 2). The implantation rate

in this series was 94.4% and 14 morphologically normal

forelimb bud stage embryos with more than 25 pairs of

somites present were recovered out of the original 17

pronuclear stage 'control' embryos that were transferred
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Table
7.1Post-implantation

development
and

cytogenetic
analysis
of

diandric
triploid

conceptuses
and

diploid
controls

isolated
on

the

10th
day

of

gestation
following
the

transfer
of

tripronucleate
eggs
and

normal

fertilised
eggs
to

the

oviducts
of

pseudopregnant
recipients

Group

No.

recipients
No.embryostransferred
No.

implantations
(%

transferred)
No.

resorptions
(%

implanted)
No.

conceptusesisolated

Diandric
triploidy

confirmed
genetically

1.

F1

hybrid
females

x

Rb(1.3)iBnr'marker'
males

Diandric
triploid

conceptuses
23

160

110*(68.8)

A3(39.1

67

6A*»

2.

F1

hybrid
females
3

18

x

F1

hybrid
males

Diploid

fertilised
controls

17

3

1A

(9A.A)

(17.6)

Two

mice

contained
one

extra

implantation
site

beyond
the

total
number
of

embryos

transferred
to

that

uterine
horn.
These

implantation
sites
are

likely
to

have
been

induced
by

the

parthenogenetic
activation
of

the

recipient's
own

eggs

following

the

'activation'
stimulus
provided
by

the

general

anaesthetic
(Kaufman,
1983).

**

One

additional
triploid

embryo
had
59

chromosomes
in

each

metaphase
plate
with
only
one

paternally
derived
'marker'

chromosome

present,
and
was

therefore
digynic
in

origin.



Figure 7.1.

A representative metaphase spread and associated
karyogram of a 60,XXX diandric triploid embryo isolated
on the 10th day of gestation. The presence of the two
paternally derived 'marker* chromosomes provides
unequivocal evidence of the diandric origin of this
triploid embryo.
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Figure 7.2.

A representative metaphase spread and associated
karyogram of a 60,XXY diandric triploid embryo isolated
on the 10th day of gestation. The presence of the two
paternally derived 'marker' chromosomes provides
unequivocal evidence of the diandric origin of this
triploid embryo.



 



Figure 7.3.

A representative metaphase spread and associated
karyogram of a 60.XYY diandric triploid embryo isolated
on the 10th day of gestation. The presence of the two
paternally derived 'marker' chromosomes provides
unequivocal evidence of the diandric origin of this
triploid embryo.
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unilaterally to the oviducts of pseudopregnant

recipients. Cytogenetic analysis of their

extra-embryonic membranes confirmed their diploid

chromosome constitution.

7.3.3 Developmental stages achieved by the diandric

triploid embryos at the time of their isolation on the

10th day of gestation

The morphologically abnormal/retarded embryos that were

recovered were assigned to group (i), while those embryos

that appeared on gross inspection to be morphologically

normal were assigned to one of three groups (i.e. groups

ii, iii or iv), according to the stage of development

they had achieved at the time of their isolation.

The 6 grossly abnormal/developmentally retarded triploid

conceptuses that were recovered were therefore assigned

to group (i). These embryos invariably had a

particularly small volume, being either disorganised egg

cylindei—like structures, or were in the form of empty

gesational sacs, similar in many respects to the

'triploidy syndrome' first described in detail by

Wroblewska (1971 ).

The 16 morphologically normal embryos that spanned stages

between the advanced egg cylinder and the primitive
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streak stage were assigned to group (ii), the 25

developmental 1y slightly more advanced embryos that

spanned stages between the early headfold/pre-somite

stage and embryos with about 6-8 pairs of somites present

were assigned to group (iii), while the developmentally

most advanced embryos, assigned to group (iv), included

11 advanced 'unturned' or partially 'turned' embryos with

about 10-15 pairs of somites present, as well as 5 fully

'turned' embryos with about 20 pairs of somites present.

Despite their apparent normal morphology, all of these

embryos appeared on gross inspection to be substantially

smaller than normal diploid fertilised embryos analysed

at similar stages of development. Histological

examination of the 16 developmental 1y most advanced

diandric triploid embryos revealed that they were all

morphologically normal.

7.3.4 Cvtogenetic analysis of the G-banded preparations

from the diandric triploid mouse embryos isolated on the

J_0th day of gesation

A total of 63 diandric triploid embryos were G-banded in

order to analyse their sex chromosome constitution. It

was observed that 17 were of the 60,XXX class, 35 were

of the 60,XXY class and 11 were of the 60,XYY class. A

representaive selection of 60,XXX, 60,XXY and 60,XYY

metaphase spreads with associated karyograms are

illustrated in Figures 7.1, 7.2 and 7.3, respectively.

In each of these three metaphase preparations, two large
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metacentric paternal 1y-derived 'marker' chromosomes are

present.

7.3.5 The relationship between the sex chromosome

constitution of the diandric triploid embryos and the

developmental stage achieved at the time of their

isolation

The 63 diandric triploid embryos whose chromosome

preparations were G-banded, and whose sex chromosome

constitution could therefore be determined are detailed

in Table 7.2. These have each been assigned to one or

other of the four developmental groups indicated in 7.3.3

above.

As may be observed from the findings indicated in Table

7.2, only 6 of the 63 embryos in this series consisted of

morphologically abnormal disorganised egg cy1inder-1ike

structures or empty gestational sacs, 16 were at the

advanced egg cylinder/primitive streak stage, and 25 were

at the early headfold/ear1y somite stage of development.

The remaining 16 embryos analysed were assigned to the

developmental1y most advanced group.

Of the 16 developmental1y most advanced embryos recovered,

none were of the XYY class. The absence of the XYY class from

this group is statistically significant, X*" - 10.788, 1d.f.,

0.001 < p < 0.005.

182



Table 7.2

Relationship between genetic constitution of diandric
triploid embryos and their developmental stage at the time
of isolation at about midday on the 10th day of gestation

Group*

Sex chromosome constitution

60,XXX 60 ,XXY 60 ,XYY

i 2 3 1

ii 3 8 5

iii 5 15 5

iv 7 9 0

Total 17 35 11

disorganised egg cylinder-like structures, or
empty gestational sacs

advanced egg-cylinder/primitive streak stage
embryos

early headfold pre-somite embryos/embryos
with 6-8 pairs of somites present

advanced 'unturned*/'turning'/fully 'turned*
embryos with about 20 pairs of somites
present

* Key: i.

ii.

iii.

iv.



7.4 Piscussion

My findings would seem to indicate that in the very early

post-implantation period there is no obvious difference

in the development potential of the diandric triploid

mouse embryos which possess either a 60,XXX or a 60,XXY

sex chromosome constitution. The development of the 60,

XYY class, on the other hand, appeared to be restricted,

even at the stage of gestation analysed, in that no

embryos with this genetic constitution were observed

which progressed beyond the early somite stage. If these

embryos are assessed according to their parental origin,

then four classes are theoretically present, namely those

with (i) 60 XmXP1XPt, (ii) 60 Xm XP 1 YP2 , (iii) 60 X™ XP 2 YP 1

and (iv) 60 xmYP1YP2. For technical reasons it was not

possible to distinguish between groups (ii) and (iii) in

this study, and therefore both classes have been grouped

together in this analysis. In order to pursue this

aspect further, it may well be necessary in future

studies to employ male mice as sources of 'donor'

nuclei from strains bearing different X-linked isozymal

variants. This approach would consequently provide a

possible biochemical means of distinguishing between

these two classes of conceptuses during the early

post-implantation period.

The overall implantation rate in the triploid series of

experiments reported here was approximately 69%, and 58%

of implantation sites analysed contained triploid
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embryos. Of the 63 embryos that were G-banded, 17 were

of the 60,XXX class, 35 were of the 60,XXY class and 11

of the 60,XYY class. Furthermore, the totals of 60,XXX

and 60,XXY triploids analysed are close to the expected

ratio of 1:2.

Even in our limited study of mouse embryos isolated at

midday on the 10th day of gestation, we believe that we

have demonstrated that embryos with a 60,XYY genotype

have a poorer developmental potential than those with

either a 60,XXX or a 60,XXY genotype. Indeed, in our

study, the 60,XYY group was the only one in which no

embryos were recovered which had progressed beyond the

early headfold/early somite stage of development.

If it is valid to extrapolate from these findings in the

mouse to the situation in man, then it appears likely

that there may well be no initial detrimental effect of

an XYY diandric triploid genotype on early human

embryogenisis, so that embryos with a 69,XXX, 69,XXY

and 69,XYY sex chromosome constitution have an equal

chance of progressing beyond the early post-implantation

period. Clearly, since the 69,XYY class is so rarely

encountered in human spontaneous abortus samples, all the

evidence available from the various clinical cytogenetic

studies that have been undertaken, and the indirect

evidence from the present study, tends to suggest that

the most likely explanation for the low incidence of 69,

XYY triploids is indeed that they have a poorer
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development potential than the other classes of diandric

triploids.

In this study, only the developmental 1y most advanced

diandric triploid conceptuses were analysed

histologically, and all appeared to be morphologically

normal. Similarly, earlier developmental stages

also appeared on gross inspection to be morphologically

normal.

In earlier investigations into the development

potential of digynic triploids in the LT/Sv strain of

mice (Kaufman & Speirs, 1987), and digynic triploid

embryos produced by micro-manipulation with a similar

parental origin to those used in the present study

(Kaufman, Lee & Speirs, 1989a), it was established that

these embryos are frequently morphologically abnormal,

and often have neural tube defects involving the cephalic

region. This is in marked contrast to the situation

observed in the present study, where all of the diandric

triploids appeared both on gross morphological inspection

and on detailed histological analysis to be

morphologically normal.
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CHAPTER 8

ANALYSIS OF JHE SEX CHROMOSOME CONSTITUTION OF EARLY

POST-IMPLANTATION DIGYNIC TRIPLOID EMBRYOS IN LT/Sv

STRAIN MICE.

Contents

8.1 Introduction

8.2 Materials & Methods

8.3 Results

8.3.1 Digynic triploid series

8.3.2 Control diploid series

8.4 Discussion
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8.1 Introduction

In the mouse most triploids die between the 8th and the

12th day of gestation, though the underlying cause has

yet to be established. Edwards et al., (1967)

hypothesised, from the analysis of a limited amount of

human embryonic and fetal data, that the severity of

pathological changes might have been correlated with the

sex chromosome constitution of the triploids which could

be either XXX or XXY in the case of digynic triploids, or

in the case of diandric triploids, XXX, XXY or XYY.

Weaver et a 7., ( 1975) furthermore proposed that triploids

might differ in the degree of severity of their

abnormalities according to whether they had one or two

inactive X chromosomes present. To date, no evidence is

available from human or other sources which relates the

phenotype of these embryos with their genotype.

In this work I have taken the opportunity to look at the

sex chromosome constitution of digynic triploid mouse

embryos in relation to their developmental status

achieved by the 10th day of gestation. The sex ratio of

diploid control embryos, isolated from the same litters

in which triploid embryos were recovered, have also been

established. I have used the LT/Sv strain of mice to

undertake this research since females from this strain

regularly spontaneously ovulate up to 50% of their eggs

as primary oocytes. The latter are capable of being

fertilised, and give rise to digynic triploid embryos
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which develop to at least the forelimb-bud stage (O'Neill

& Kaufman, 1987; Kaufman & Speirs, 1987).
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8.2 Materials and Methods

Randomly cycling female LT/Sv strain mice, 6-weeks old,

were caged with F1 hybrid males. Early each morning the

females were checked for the presence of a vaginal plug,

which was taken as evidence of mating and this was

considered to be the first day of pregnancy.

The females were autopsied at about midday on the 10th

day of gestation. The embryos plus their extra-embryonic

membranes were isolated and the chromosome constitution

of each embryo was established as described previously.

Also the total number of embryos (i) that were clearly

morphologically normal, or (ii) morphologically abnormal,

or (iii) were considered to be morphologically normal,

but retarded in their development, were recorded at this

time. The crown-rump length of all of the 'turned'

embryos was measured, and in the case of the embryos

which were morphologically abnormal , careful note was

made of the abnormalities present and the developmental

stage achieved.
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8.3 Results

8.3.1 Pigynic triploid series

A total of 120 triploid LT/Sv embryos were examined

cytogenetical1y on day 10 of gestation (see Table 8.1),

and their sex-chromosome constitution was established.

They were divided into three principal developmental 1y

and morphologically distinct groups:(1) resorbing or

disorganised masses of embryonic tissue and empty

gestational sacs; (2) 'unturned' embryos, which may have

had up to 14 pairs of somites present; and (3) 'turned'

embryos with about 15 to 25 pairs of somites present.

Of the 120 triploid embryos recovered, 60 had an XXX (see

Figure 8.1) and 60 an XXY (see Figure 8.2) sex-chromosome

constitution, giving an XXY:XXX sex ratio of 1:1. It was

noted that there was little difference in the

distribution of the 60,XXX and 60,XXY embryos among the

various groups indicated above. Most of these two

classes were associated with morphological groups 2 and 3

(see Table 8.2).

All of the 'turned' triploid embryos examined had an

abnormally shaped cephalic region. This was almost

invariably associated with an open neural-tube defect in

this location and the additional presence of an

abnormally enlarged heart. No obvious relationship was

apparent between the incidence of morphological
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Table
8.1

The

post-implantation
development

and

cytogenetic
analysis
of

digynic
triploid
LT/Sv

embryos

isolated
on

the

10th
day

of

gestation

No.
offemalesautopsied37

No.
ofimplantationsites369

No.
ofresorptions42

No.
ofembryosrecovered327

Ploidy
2n207

3n120

Totalanalysed327



Table 8.2

Relationship between developmental stage achieved and sex
chromosome constitution of digynic triploid embryos

Developmental
stage of
embryo*

No. of embryos
with XXX sex

chromosome
constitution

No. of embryos
with XXY sex

chromosome
constitution

Total

embryos
analysed

1 2 2 4

2 35 32 67

3 23 26 49

Total 60 60 120

Key: 1. resorbing or disorganised masses of embryonic
tissue and empty gestational sacs

2. 'unturned' embryos with up to 14 pairs of somites

3. early 'turned' embryos with 15-20 pairs of
somites, 'turned' embryos with 20-25 pairs of
somites



Figure 8.1.

A representative metaphase spread and associated
karyogram of a 60,XXX digynic triploid embryo isolated on
the 10th day of gestation from an LT/Sv female.
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Figure 8.2.

A representative metaphase spread and associated
karyogram of a 60,XXY digynic triploid embryo isolated on
the 10th day of gestation from an LT/Sv female.
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abnormalities present and the sex-chromosome constitution

of these embryos.

The crown-rump length of all of the 'turned' embryos

(n=49) was measured. The 23 XXX embryos had a mean

crown-rump length of 1.58 mm, whereas the 26 XXY embryos

had a mean crown-rump length of 1.56 mm. These values

were not significantly different. The XXY.-XXX sex ratio

in this group was 1.13:1, though this value is not

significantly different from unity ("XJ = 0.184, 0.5 < p

< 0.7) (see Table 8.3).

8.3.2 Control diploid series

A representative selection of 105 diploid embryos were

also examined cytogenetical1y, from the 207 diploid

embryos recovered from the LT/Sv females on the 10th day

of gestation, to establish their sex-chromosome

constitution. All of the latter group were

morphologically normal and had 'turned' at the time of

their isolation on day 10 of gestation. Fifty-five

embryos had an XY sex-chromosome constitution and a mean

crown-rump length of 2.22 mm, and 51 embryos had an XX

sex-chromosome constitution and a mean crown-rump length

of 2.18 mm. There was no significant difference between

these groups. The XY:XX sex ratio in the diploid group
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Table
8.3Relationship

between
ploidy,
sex

chromosome
constitution
and

crown-rump

length
of

'turned*
diploid

and

triploid
embryos

Sex

chromosomeconstitutionTotal
embryosanalysedMean

crown-rump
length{mmi

+

s.e.m.)

Sex

ratio
(XY:XX

or

XXYsXXX)

Diploid
(2n)

Triploid
(3n)

40,
XY

40,XX

60.XXY

60,XXX

54

51

26

23

2.22
+

0.37

2.18
♦

0.41

1.56
j;

0.15

1.58
_±

0.17

1.06:1

1.13:1



was 1.06:1 arid was not significantly different from the

expected XY:XX sex ratio of 1:1 CX? = 0.082, 0.75< p <

0.80). However, the mean crown-rump length of the

diploid embryos as a group was significantly greater than

that of the triploid embryos (XY:XXY, t = 2.063, 0.0125 <

p < 0.025, df = 78; XX:XXX, t = 1.782, 0.025 <p <0.05, df

= 72).

The developmental stage achieved by the normal diploid

embryos is, on average, substantially more advanced than

that achieved by the 'turned' triploid embryos. This, in

itself, probably accounts for some, but by no means all,

of the differences observed in their crown-rump lengths.
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8.4 Discussion

My findings indicate that, at mid-gesation in the mouse,

there is no obvious difference in the developmental

potential of the two possible groups of digynic triploid

embryos, i.e., those with an XXY or XXX sex-chromosome

constitution. The overall XXY:XXX sex ratio in the

digynic triploids analysed in the present study, namely,

1:1, is identical to the expected XY:XX sex ratio of

unity. This observation, based on an analysis of

substantially more advanced triploid mouse embryos than

had been examined previously, is in general agreement

with earlier findings in relation to this group

(Wroblewska, 1971; Baranov, 1976). In the

developmental 1y most advanced groups of triploids

analysed in the present study, the XXY:XXX sex ratio was

in fact 1.13:1, although this is not significantly

different from the expected value of 1:1. The XY:XX

ratio in the control diploid group, which involved the

analysis of a similar number of embryos, was also not

significantly different from the expected ratio of 1:1.

It is also of interest that there was no obvious

difference in the crown-rump length measurements made

between the XXY and XXX triploid embryos nor between the

XY and XX diploid embryos, although the triploids were

significantly smaller than the diploids isolated at the

same gestational age. Attention is drawn in the results

section to the fact that the diploids, as a group, were
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substantially more advanced in their developmental stage

than were the 'turned' group of triploids and that this

may have accounted, at least in part, for their reduced

crown-rump length. Clearly, to state unequivocally that

the triploids are significantly smaller than control

diploid embryos, similar developmental stages would have

to be compared. If there is, in fact, a real reduction

in the crown-rump length of the triploids compared to the

diploids, then a possible explanation might be related to

the observation of Takagi and Sasaki (1976), who reported

that the cell cycle time was about 10% longer in triploid

pre-implantation mouse embryos when compared to diploid

controls.These authors suggested that this explains why

the post-implantation triploids that they analysed were

not only invariably smaller, but also contained far fewer

cells than diploid embryos analysed at similar

developmental stages. The situation is clearly more

complex than this, as other workers have reported normal

cleavage rates in cells maintained in tissue culture

isolated from human triploid abortuses (Kuliev et al.,

1975; Hassold & Sandison, 1983).
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CHAPTER 9

POST- IMPLANTATION DEVELOPMENT AND CYTOGENETIC ANALYSIS

OF DIANDRIC HETEROZYGOUS DIPLOID MOUSE EMBRYOS.

Contents

9.1 Introduction

9.2 Materials and Methods

9.3 Results

9.4 Discussion
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9. 1 Introduction

It has been recognised for some considerable time,

following the analysis of over 400 cases, that human

complete hydatidiform moles are genetically unusual in

that they almost invariably possess a diploid set of

chromosomes which are totally paternal in origin (Kajii &

Ohama, 1977). In 92-96% of cases, these have a 46,XX

karyotype resulting from the duplication of the haploid

sperm-derived male genome, and are consequently

homozygous diploid androgenones. In 4-8% of cases,

however, they have a 46,XY karyotype resulting from the

fertilisation of an egg by two spermatozoa, though the

female genome is not involved in the subsequent

development of the conceptus (for recent reviews, see

Surti, 1987; Kaufman, 1988). Recent,but unconfirmed,

reports have indicated that the 46,XY dispermic

hydatidiform moles have a greater tendency for persistent

trophoblastic disease (Davis et al., 1984; Wake et al.,

1984) .

Using the experimental approach of producing diandric

diploid mouse embryos by the technique of nuclear

micro-manipulation, it was hoped to analyse the early

post-implantation development of heterozygous diandric

diploid embryos. Using this experimental approach, I

have already been able to investigate some of the genetic

factors that influence the early post-implantation

development of diandric triploid embryos (Kaufman, Lee &
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Speirs, 1989a; Kaufman, Speirs & Lee, 1989). Their

development potential has, for example, been compared

with that of digynic triploid mouse embryos produced both

by nuclear micro-manipulation, and following the

fertilisation of primary (diploid) oocytes in LT/Sv

strain mice (O'Neill & Kaufman, 1987; Kaufman & Speirs,

1987). These triploid studies are also of clinical

relevance, in that approximately 85% of triploid

conceptuses are partially molar, and are diandric

(dispermic) in origin, while only about 15% are

non-molar, and result from digynic triploidy (Surti,

1987). Exceptionally, triploid complete moles have been

described in which the genome is totally of paternal

origin (Vejerslev, Mogensen & Olsen, 1984) and tetraploid

partial moles have also been reported which are triandric

in origin (Surti et al. , 1986). Tetraploidy with two

paternal and two maternal sets of chromosomes, however,

is not associated with molar degeneration of the placenta

(Kajii & Niikawa, 1977).

As far as I have been able to establish, only three

previous studies, using a similar experimental approach,

have investigated the early post-implantation development

of diandric diploid mouse embryos (Surani & Barton, 1983;

Barton, Surani & Norris, 1984; McGrath & Solter, 1984).

In only one of these studies (Barton et a 7., 1984) were

the authors able to obtain post-implantation embryonic

development to the early somite stage when recipients

were autopsied on the 10th day of gestation. Out of a
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total of 122 'constructed' embryos transferred to females

that became pregnant, a total of 28 implanted, and from

these 8 embryos were recovered. The latter were analysed

biochemically, and their androgenetic status confirmed by

GPI analysis. In the study by McGrath & Solter (1984),

and the study by Surani & Barton (1983), the diandric

diploid embryos failed to develop beyond implantation.

In subsequent attempts to obtain the differentiation of

androgenetical1y-derived cells, chimeras have been

produced between fertilised embryos and androgenones, but

the androgenetic cells were only detected in the yolk sac

and trophoblast tissues, but not in the embryo itself

(Surani et al., 1987, 1988).

These findings clearly support the hypothesis that the

male and female genomes have different but complementary

roles during embryogenesis. The maternal genome is

believed to have a preferential, but not exclusive, role

in directing embryogenesis, while the paternal genome has

an important role in controlling the pro!iferation of the

extra-embryonic tissues such as the yolk sac and the

trophoblast (Barton et al., 1984; McGrath & Solter, 1984;

and for review, see Surani,1985, 1986).

While biochemical analysis of the experimentally produced

diandric diploids has confirmed their androgenetic

origin, no direct information is available to date on

their chromosome constitution or ploidy. The present
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study was therfore undertaken to investigate this aspect

of the early post-implantation development of these

embryos. The use of male mice bearing a 'marker'

chromosome, a Robertsonian translocation involving

chromosomes 1 and 3, allowed easy identification of the

diandric diploid status of the embryos. Furthermore,

since all the chromosome preparations were G-banded, I

was also able to establish the sex chromosome

constitution of all the diandric diploids that progressed

beyond implantation.
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9.2 Materials and Methods

Eight- to twelve-week old F1 hybrid female mice were

superovu1ated and then caged with homozygous Rb(1.3)1Bnr

males. The presence of a vaginal plug the following

morning was taken as evidence of mating.

Early pronucleate 1-cell stage fertilised embryos were

isolated at about 10 a.m. on the day of finding a vaginal

plug. The female pronucleus and the second polar body

were removed microsurgically from each of the 'recipient'

eggs, and a single male pronucleus which had previously

been isolated microsurgically from a 'donor' embryo with

a small volume of cytoplasm was then transferred in the

presence of inactivated Sendai virus into the

perivitel1ine space of the 'recipient' 1-cell stage

fertilised embryo (McGrath & Solter, 1983). Cytoplasmic

fusion generally occurred within about 1 hour, and the

microsurgically 'constructed' heterozygous diandric

embryos were then transferred unilaterally to the

oviducts of recipients on the first day of

pseudopregnancy.

All the recipients were autopsied at midday on the 8th

day of gestation, and the numbers of implantation sites

present, resorptions and embryos recovered were noted.

Cytogenetic analyses of the egg cylinder stage embryos

were made and karyotypes of the G-banded chromosome

preparations were prepared as described previously.
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9.3 Results

A total of 173 diandric diploid embryos 'constructed' by

nuclear micromanipulation were transferred to the

oviducts of 25 recipients on the first day of

pseudopregnancy. When the females were autopsied on the

8th day of pregnancy, only 13 were found to be pregnant,

and these females contained a total of 30 implantation

sites (see Table 9.1). Since a total of 85 embryos were

transferred to these females, the implantation rate

achieved was therefore 35.5%. When the implantation

sites were isolated and examined in detail, 18 were found

to contain resorptions, and a total of 12 egg cylinder

stage embryos were recovered. These all appeared on

gross inspection to be morphologically normal, but with

one exception (which was normal in size) were

substantially smaller than normal embryos at a similar

stage of development.

All of the embryos were analysed cytogenetical1y, but in

two instances no mitoses were observed, and consequently

neither their diandric origin nor their ploidy could be

determined. In a third embryo, which was normal in size,

an analysis of its metaphase plates consistently revealed

the presence of only a single paternal 1y-derived 'marker'

chromosome. This embryo therefore must have had a normal

chromosome constitution, and presumably resulted from an

error in recognition of either the male or female

pronucleus at some stage during the micro-manipulatory
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Table
9.1

The

post-implantation
development

and

cytogenetic
analysis
of

heterozygous
diandric

diploids(produced
by

micromanipulation
of

pronuclei)isolated
on

the
8th
day
of

gestation

No.
ofmanipulatedeggstransferred
No.
ofimplantsrecovered
No.
ofresorptions
No.
ofembryosrecovered
No.
of

diandric
diploid

embryos
with
2

'marker1chromosomes
No.
of

diploid
embryos
with
1

'marker'chromosome
No.

non-analysable

173

30

18

12

Total
number
of

pseudopregnant
females

used
was
25

and
on

the
8th
day

of

gestation
only
13

were

pregnant.



procedure. The remaining nine egg cylinders, however,

were all diploid, and analysis of their metaphase spreads

revealed that each had two paternal 1y-derived 'marker'

chromosomes present, thus establishing their ploidy and

confirming their diandric origin. Furthermore, G-banding

analysis revealed that all of these embryos had a 40,XY

sex chromosome constitution. A representative G-banded

preparation and associated karyotype are presented in

figure 9.1.
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Figure 9.1.

A representative metaphase spread and associated
karyogram from an egg cylinder stage heterozygous
diandric diploid mouse embryo. The use of homozygous
Rb(1.3)1Bnr male mice allowed the diandric diploid status
of the embryo to be confirmed by the presence of two
metacentric 'marker' chromosomes. All of the
heterozygous diandric diploids analysed cytogenetical1y
had a 40,XY sex chromosome constitution.
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9.4 Piscussion

Despite the absence of a female genome, about 35% of the

diandric diploid embryos that were transferred to females

that successfully became pregnant actually implanted. In

all instances where embryos were recovered, they appeared

in all respects to be morphologically normal, though

substantially smaller than normal embryos analysed at a

similar stage of development. The implantation rate and

embryonic development achieved was substantially similar

to those reported in the only other published study in

which post-implantation development of diandric diploid

embryos was successfully achieved (Barton et al. , 1984).

The fundamental difference between the present study and

that of Barton et al., (1984) has been the use of

cytogenetic rather than biochemical means of confirming

the androgenetic status of the embryos recovered and

analysing the products of nuclear micromanipulation.

More importantly, the cytogenetic approach employed has

allowed the ploidy of the latter to be determined and

also enabled their sex chromosome constitution to be

definitively established. The availability of a

paternally-derived 'marker' chromosome, for example, has

enabled us to confirm that, with the exception of one

embryo, all of the egg cylinders obtained were both

diploid and diandric in origin. Furthermore, G-banding

analysis of the mitotic preparations has established that

all of the diandric diploid embryos analysed had an XY

sex chromosome constitution.
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The fact that all of the diandric diploid embryos had an

XY constitution is of particular interest, since if all

spermatozoa have an equal chance of being either X- or

Y-bearing, then the expected ratio of XX:XY:YY in this

group should be 1:2:1. This finding would seem to

provide strong evidence for the contention that the XY

group have a greater degree of survivability, at least up

to the egg cylinder stage, than the XX embryos. The YY

class would not in any case be expected to be recovered

during the post-implantation period, as these embryos are

believed to be lost during early cleavage (Modlinski,

1975; Surani & Barton, 1983). While the present study

provides no direct information on the stage at which the

XX group is lost, it is possible that these may be

represented by a substantial proportion of the

resorptions observed. Insufficient information is

available to date, however, to indicate whether the XX

embryos were in fact principally lost during the pre-or

early post-implantation period.

While it is of interest to note that apparently all of

the human complete hydatidiform moles that are dispermic

diploids have an XY sex chromosome constitution, I do not

believe that we can confidently extrapolate from our

mouse studies that all dispermic hydatidiform moles with

an XX sex chromosome constitution are lost prior to their

clinical recognition. It is possible that in a few

instances some of the so-called homozygous diandric
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diploid conceptuses may in fact have resulted from

dispermy.

Information from the cytogenetic analysis of large

numbers of complete hydatidiform moles strongly suggests

that these principally result from monospermic

fertilisation, followed shortly afterwards by

diploidisation of the male genome, possibly by inhibition

of the first cleavage division. If this is indeed the

pathway involved, then it is an extremely unusual and

interesting one, since no direct evidence exists to date

to confirm that this is a developmental pathway along

which mammalian embryos ever progress (see Beatty, 1957),

though it is believed that the haploid parthenogenetic

silkworm egg may diploidise by this mechanism (Tanaka,

1953). It is also possible that tetraploid individuals

may result from the suppression of the first cleavage

division of the fertilised egg (for theoretical

discussion, see Beatty, 1957). Tetraploid mouse fetuses

have been successfully produced experimentally following

suppresion of the second cleavage division (Snow, 1973,

1975).

By contrast to the heterozygous diploid androgenones

'constructed' in the present study, a number of reports

are available in which the pre- and early

post-implantation development of homozygous diploid

androgenones have been investigated. Thus, haploid

androgenones may be produced by the mechanical removal of
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the female pronucleus shortly after fertilisation

(Modlinski, 1975, 1980; Hoppe & Illmensee, 1977; Markert

& Petters, 1977; Surani & Barton, 1983), or by bisection

of 1-cell stage embryos (Tarkowski & Rossant, 1976;

Tarkowski, 1977). Following diploidisation, by

incubation in medium containing cytochalasin B or D,

homozygous diploid androgenones have been successfully

produced, and may occasionally show apparently normal

pre-implantation development. When transfered to

appropriate recipients, a few of these embryos appeared

to be capable of evoking a decidual reaction, but none

developed beyond implantation (Surani & Barton, 1983).

Further studies are clearly required in order to

investigate this topic in more detail, and establish why

the heterozygous but apparently not the homozygous

diploid androgenones should be capable of development

beyond implantation.
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GENERAL DISCUSSION
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10.1 Recent information obtained from the analysis of

primary and secondary oocytes ovulated by LT/Sv strain

mi ce.

It has been shown that the LT/Sv female mice regularly

ovulate primary oocytes which are capable of being

fertilised (Kaufman, 1983; Kaufman & Howlett, 1986;

O'Neill & Kaufman, 1987). These fertilised primary

oocytes give rise to digynic triploid embryos which

develop to about the 10th day of gestation (Kaufman &

Speirs, 1987). But what is the mechanism by which the

LT/Sv female mice ovulate these primary oocytes?

Eppig (1978) observed that there was an association

between the presence of mature oocytes within follicles

having only a single layer of granulosa cells (he called

these granulosa-cel1-deficient follicles or

GCD-fol1icles) and ovarian teratocarcinogenesis in LT/Sv

females. O'Neill & Kaufman (1987), however, postulated

that the GCD-fol1icles are probably not capable, for

purely mechanical reasons, of ovulating their oocyte.

They therefore proposed that a possible third class of

'unstable' follicle might exist that is morphologically

normal in appearance but is capable of forming an

aberrant relationship with the developing oocyte

contained within it. The oocytes ovulated from these

'unstable' follicles would be those that are ovulated as

primary oocytes, but have, nevertheless, an initial
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developmental potential similar to that of normal

secondary oocytes. At present preliminary experiments

are going on to try to establish the genetic basis of why

the LT/Sv strain females ovulate such a high incidence of

primary oocytes, in addition to normal secondary oocytes.

The former group are capable of being fertilised to

form digynic triploids, and thereafter of undergoing a

limited degree of post-implantation development.

The only other strain of mice that can spontaneously

ovulate primary oocytes is the NMRI/Han strain of mice in

which a low percentage (about 1%) of spontaneously

ovulated oocytes are found to be diploid primary oocytes

instead of normal haploid secondary oocytes (Hansmann &

El-Nahass, 1979). If ovulation is induced in females of

this strain by injecting them with high doses of

gonadotrophins, the rate of diploid oocytes increases

consistently to about 2-4% (Bartels, Jenderny & Hansmann,

1984; Beermann & Hansmann, 1986). It was shown that the

trait Pi pi i is transmissible to F1 hybrid females

derived from crosses of NMRI/Han and C57BL/6J, and that

this effect can be transmitted either maternally or

paternally. A maternal influence which modulates the

expression of the trait Dipl. J_, by increasing or

decreasing the frequency of diploid oocytes has been

observed in five different crosses of NMRI/Han strain

mice with C57BL/6J, C3H/HeHan and Balb/c strain mice

(Bartels et al., 1984; Beermann et a 7., 1 987 ).
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Hansmann et al., (1985) thought that the inhibition of

the first meiotic division in oocytes from the NMRI/Han

females was not likely to originate from a primary defect

within the oocyte, but seemed to be caused by an altered

communication between the maturing oocyte and the

surrounding somatic follicular cells. This assumption

has been shown to be correct in gonadotrophin-stimulated

chimeric females generated between NMRI/Han and C57BL/6J,

which have been found to be non-sensitive with respect to

the ovulation of diploid oocytes. The results showed

that all NMRI/Han-derived ovulated oocytes from these

chimeras had completed meiosis I normally (Bartels et

al., 1984).

Beermann & Hansmann (1986) claimed that an irregular

mitochondrial function may affect normal follicular

development and oocyte maturation, and might interfere

with ordered chromosome segregation. Beermann et

a/.,(1988) characterised a new mitochondrial trait,

namely the ability to modulate the expression of the

inheritable meiosis I error Pi pi I in oocytes. The

results from this experiment corroborate the assumption

that mitochondria do play an important role in meiosis of

mammalian oocytes, and hence seem to be involved also in

the orderly segregation of chromosomes.

The influence of the mitochondrial genome function on the

incidence of 'diploidy' in the LT/Sv strain has still to

221



be analysed. However, the higher incidence of

spontaneous primary oocyte ovulation observed in the

LT/Sv strain compared to the NMRI/Han strain, and the

capacity of the ovulated primary and secondary oocytes of

LT/Sv strain mice to initiate spontaneous

parthenogenesis, would seem to indicate that the meiotic

anomalies expressed by the LT/Sv and NMRI strains are

probably different. No information is so far available

on the endocrinological status of the LT/Sv strain.

However, the high incidence of spontaneous primary oocyte

ovulation and its significant increase following the

administration of exogenous hormones, indicates that a

distinct population of 'unstable' follicles, that are

thought to be the source of the primary oocytes, are more

susceptible to the action of the exogenous hormones than

the follicles which ovulate the normal secondary oocytes.

The observation that the incidence of digynic triploidy

decreased from 54.7% in the group of 6-week old LT/Sv

females to 6% in the group of 30-week old LT/Sv females,

could be due to the fact that the 'unstable' population

of follicles which are thought to be the source of the

primary oocytes are depleted earlier than the normal

follicles. This situation might occur because the

'unstable' follicles are more sensitive to the 'normal'

hormonal environment of the female, and are of a finite

number. Alternatively, the hormonal/endocinological

imbalance which results in the primary oocytes being
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Table 10.1 A comparison of the developmental stages achieved by the
different types of triploid embryos recovered on the 10th
day of gestation.

Developmental
Stage

LT/Sv

Digynic Triploids

CCD Micromanipulation
induced of pronuclei

Diandric Triploids

Micromanipulation
of pronuclei

EmptySac 7 (4%) 15 (42%) 2 (11%) 9 (11%)

Egg Cylinder/
Headfold

22 (12%) 4 (11%) 3 (17%) 23 (28%)

Unturned with
4-12 prs of
somites

73 (40%) 13 (36%) 8 (44%) 31 (38%)

Partially
turned/Turned
with 12-25

prs of
somites

80 (44%) 4 (11%) 5 (28%) 19 (23%)

Total 182 36 18 82

All of the control diploid embryos recovered on the 10th day of gestation
were all turned forelimb-bud stage embryos with at least 25 pairs of
somites.

A total of 1328 control diploid embryos were recovered on the 10th day
of gestation.



ovulated is corrected as the LT/Sv females get older.

10.2 The morphological appearance of digynic and diandric

triploid embryos recovered on the J_0th day of gestation

in the mouse.

In this study, it was found that the digynic triploid

embryos from the LT/Sv strain mice were viable up to the

10th day of gestation. They were, however, invariably

smaller than their diploid littermates, and the embryos

that had successfully 'turned' to adopt the fetal

position frequently showed evidence of cardiovascular

stasis and morphological abnormalities involving the

cephalic part of the neural axis. Several embryos were

observed that were still 'unturned', while in a few

instances partially 'turned' embryos were observed in

which the appearance of the cephalic region was

consistent with more advanced development than their

'unturned' or partial1y'turned' state suggested (see Table 10.1).

Only a few embryos recovered in the present study of

LT/Sv strain mice demonstrated the features of the

'triploidy syndrome' (Wroblewska, 1971). This is a

specific disturbance in embryogenesis, consisting of

inhibition of the development of the embryonic part of

the egg cylinder and, in consequence, results in failure

of the embryonic component of the conceptus to form.

This disturbance results in an empty gestational sac
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consisting entirely of extra-embryonic membranes.

A histological examination of some of the more advanced

somite-stage digynic triploid embryos revealed that those

that were morphologically abnormal had either localised

or extensive neural tube defects. While no specific

gross cardiac abnormalities were recognised in any of

these triploids, an impression was formed that the hearts

were possibly somewhat larger than expected, though this

might have been due to the fact that the cephalic regions

were slightly smaller than normal in this group.

Following the injection of Cytochalasin D into recently

ovulated females, it was possible to induce the

production of a limited number of digynic triploid

embryos in (C57BL x CBA)F1 hybrid female mice. In this

strain of mice the incidence of the 'triploidy syndrome'

was higher than that found in the LT/Sv strain. However,

the morphological features in the most advanced digynic

triploid embryos isolated from the F1 hybrid females were

very similar to those observed in digynic triploids

obtained from the LT/Sv females. They were substantially

smaller than their diploid litter mates, and had axial

neural tube defects of varying degrees of severity. The

same series of abnormalities were consistently found in

the digynic triploid embryos produced by

micro-manipulation of pronuclei and recovered from

recipient F1 hybrid females on the 10th day of gestation.
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The diandric triploid embryos produced by

micro-manipulation of pronuclei from fertilised eggs

isolated from F1 hybrid female mice were also found to

span a range of developmental stages when these were

isolated from recipients on the 10th day of gestation.

The 16 diandric triploid embryos which were

developmental1y the most advanced were morphologically

normal on gross inspection, and on subsequent detailed

histological analysis. This is in marked contrast to the

situation found in all the classes of digynic triploid

embryos examined at the same developmental stages (see

above). The most likely reason for this difference in

morphological appearance between the two types of

triploidy relates to the origin of the extra haploid set

of chromosomes present in these embryos, and this

presumably relates to the process of imprinting (see

following section).

10.3 Observations on the role of the male and female

genomes during embryogenesis.

It is believed that the genetic information contributed

by the maternal and paternal genomes in the mouse, and

possibly in all mammals, have complementary roles during

embryogenesis, in that both are believed to be essential

for normal development to term (McGrath & Solter, 1984;

Surani,Barton & Norris, 1984; Cattanach & Kirk, 1985;

Surani, 1986). Functional differences between the
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parental genomes are thought to arise as a consequence of

specific modifications of homologous chromosomes in the

germline, when they are segregated and exposed to

different epigenetic factors during oogenesis and

spermatogenesis. These 'imprinted' modifications of

parental chromosomes are then brought together following

fertilisation and subsequently propagated to influence

events throughout development. It is also essential that

at some stage of development the specific modifications

are reversed and the whole process repeated in the

formation of new germ cells.

There have been many experiments undertaken over the

years which have lead to the current understanding of the

role of the maternal and paternal genomes during

embryogenesis. One of the first experiments was the

production of diploid parthenogenones following the

exposure of eggs recovered at HCG + 18 hours to

magnesium- and calcium-free medium (Surani & Kaufman,

1977). These diploid parthenogenones have been shown to

develop normally to the blastocyst stage, and in some

instances embryos developed to the 25-somite stage with

forelimb buds (Kaufman, Barton & Surani, 1977).

More recently, Surani & Barton (1983) prepared digynic

triploid eggs in vitro by suppressing the extrusion of

the second polar body using Cytochalasin B. It was

observed that while removal of one or other of the female
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pronuclei from these eggs allowed development to term,

removal of the male pronucleus led to the development of

retarded 25-somite stage digynic diploid (i.e.

gynogenetic) embryos with poor extra-embryonic tissues.

Mann & Lovell-Badge (1984) also demonstrated that

transplantation of a male and a female pronucleus

from a fertilized egg into an enucleated

parthenogenetical1y-activated egg resulted in development

to term, whereas the reciprocal transfer of a diploid

parthenogenetic genome into an enucleated fertilized egg

did not. From these results it appeared that there was

no functional differences in the cytoplasm of activated

and fertilized eggs.

In further experiments, haploid parthenogenetical1y

activated eggs were used as recipient eggs into which

either a male or a female pronucleus from fertilised

donor eggs was introduced. In these studies, development

proceeded to term only when a male donor pronucleus was

introduced, whereas when a female pronucleus was

transferred, development proceeded only as far as it had

in previous studies involving digynic diploid or

parthenogenetic embryos. Similarly, in studies in which

fertilised eggs were used to produce diploid biparental

(heterozygous) embryos containing either two male or two

female pronuclei, neither situation resulted in

development to term. Development to term only resulted

when reconstituted embryos contained both a male and a
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female pronucleus (Barton, Surani & Norris, 1984; McGrath

& Solter, 1984), thus confirming the hypothesis that

both a male and a female genome are essential for normal

development to term, and have different but

complementary roles. These findings are in marked

contrast to the earlier results reported by Hoppe &

IIImensee (1977, 1982), and it is now generally accepted

that these were probably falsified.

10.4 The use of mouse models to 1ook at the maternal and

paternal inf1uence on the development of hydatidiform

mol es j_n the human,

Diandric triploid embryos in the human give rise to

partial hydatidiform moles which are characterised by the

presence of a fetus and amniotic membranes. This is

associated with the presence of hydropic changes in many

of the chorionic villi, or in only a small proportion of

them, and the trophoblast proliferation observed is often

minimal. Only very occasionally do these moles have the

potential for malignancy. The placental pathological

findings observed in both complete and partial moles are

believed to be due to the presence of two paternal

haploid sets of chromosomes. In the case of partial

moles, the effect may be 'diluted' by the presence of a

maternal haploid chromosome complement which facilitates

the development of a fetus or fetal derivatives.
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In the human, diandric diploid embryos, which give rise

to complete hydatidiform moles, can arise from the

monospermic fertilisation of an egg in which the female

chromosome complement does not take part in further

development. In a proportion of cases, the sperm-derived

haploid complement duplicates to restore the diploid

number, or diploidy may result from the fertilisation of

an egg by a diploid spermatozoon, where the female

chromosome complement does not take part in subsequent

development (Kajii & Ohama, 1977). These complete

hydatidiform moles of the homozygous type have a 46,XX

chromosome constitution, whereas the heterozygous type

(following dispermy) may have either an XX or an XY sex

chromosome constitution. However, recent evidence

indicates that the vast majority, if not all of the

heterozygous type have an XY sex chromosome

constitution (Ohama et al., 1981), and it is this

class that is believed to have the higest chance of

undergoing malignant transformation to form a

choriocarcinoma (Vassilakos & Kajii, 1976; Lawler et

al. , 1982). Complete hydatidiform moles in the human are

characteristised by the absence of a fetus and associated

amniotic membranes, relatively uniform hydropic changes

in the chorionic villi, and the absence of fetal blood

vessels and fetal blood cells from the chorionic villi.

There may also be a marked proliferation of the

trophoblast. This type of hydatidiform mole has a

greater risk than the partial hydatidiform mole of
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becoming malignant.

In the mouse about 60-80% of embryos with two maternal

genomes develop to form apparently normal blastocysts,

but only about 20% of embryos with two paternal genomes

do so (Surani, 1986). It is likely that 25% of diandric

diploid eggs will have a YY sex chromosome constitution

and would not in any case be expected to progress beyond

a few cleavage divisions (Burgoyne & Biggers, 1976).

However, the majority of those with an XX or an XY sex

chromosome constitution might be expected to be capable

of development to at least the blastocyst stage. A very

small proportion of diandric diploid embryos were able to

develop into the early post-implantation period, to form

early somite stage embryos by the 10th day of gestation.

These embryos had well developed trophoblast tissue

(Barton et al., 1984). In our own recent study

(Kaufman,Lee & Speirs, 1989b) only the diandric diploids

with an XY sex chromosome constitution were recovered on

the 8th day of gestation. It is unclear whether the XX

embryos were lost during the pre- or early

post-implantation period.

The situation observed in the human, where the placentas

of diandric triploid and diandric diploid conceptuses

frequently show hydatidiform changes, was not observed in

diandric triploid, digynic triploid and diandric diploid

mouse embryos, as the extra-embryonic membranes did not
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appear to be grossly abnormal. Future experiments must

include a detailed histological analysis of the

extra-embryonic tissues of triploid mouse embryos. This

may shed light on why the triploid embryos die at

mid-gestation in the mouse, and only rarely progress

beyond mid-gestation in man.

While the extra-embryonic findings in my triploid mouse

embryos may not, presumably due to species differences,

be comparable to the situation observed in man, the

influence of a diandric or digynic triploid genome on

embryogenesis may nevertheless be similar, particularly

in relation to the production of severe intra-uterine

growth retardation which is invariably seen in human

triploid conceptuses (Niebuhr, 1974; Gosden, Wright,

Paterson & Grant, 1976; Harris, Poland & Dill, 1981;

Doshi, Surti & Szulman, 1983).

10.5 The sex chromosome constitution of diandric and

digynic triploid mouse embryos and its relationship to

their developmental potential.

The sex ratio of digynic triploid embryos isolated on

the 10th day of gestation was found to be not

significantly different from the expected ratio of 1:1

(XXY:XXX). There was also no apparent relationship

between the sex chromosome constitution of digynic

triploid embryos and the developmental stage achieved at
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the time of their isolation.

An analysis of the sex chromosome constitution of the

diandric triploid embryos revealed that the sex ratio of

XXX.-XXY was almost identical to the theoretical value

of 1:2, which would be expected if X- and Y-bearing

sperm have an equal chance of fertiling the egg. There

was also no obvious difference in the development

potential of the diandric triploid embryos which possess

either a 60,XXX or a 60,XXY sex chromosome constitution.

The development of the 60,XYY class on the other hand

appeared to be restricted, in that no embryos with this

genetic constitution were observed that progressed beyond

the early somite stage when the embryos were recovered on

the 10th day of gestation. These results are of

particular interest since a detailed analysis of the

developmental potential of large numbers of human

diandric triploids with different sex chromosome

constitutions has not so far been feasible.

10.6 Why do triploid mouse embryos die around

mid-gestation?

No survival to birth of a pure triploid fetus has so far

been reported in laboratory animals. They are usually

eliminated during the major organogenesis stages of

embryogenesis. Similarly, the experimental data on the

pre-implantation stages of triploidy in laboratory
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animals is also very limited. However, several workers

have attempted to establish the relationship between

ploidy and growth rate in mouse embryos. Thus, Beatty &

Fischberg (1951), using various strains of mice collected

embryos at 31 /z days after copulation and looked at the

mean number of cells in polyploid eggs relative to the

number in diploids of the same age. They found that the

ratio of cell number in polyploid embryos to cell number

in diploid embryos decreases with an increase in the

number of chromosome sets present.

Edwards (1958) also showed that a close correlation

existed between cell number and the mean cleavage number.

The diploids and tetraploids cleaved at approximately the

same rate, but the lower cell number and cleavage number

of the latter embryos were probably due to their

suppressed first cleavage. The haploids and triploids

had slightly fewer cells than the diploids by the

blastocyst stage, and this was attributed to a delay in

their time of entry into the first cleavage division

rather than to different rates of cleavage. A reduction

in cell number was reported by Niemierko (1975) in

triploids induced by Cytochalasin B compared to diploids.

However, the in vitro culture of these embryos could have

caused this reduction in cell number, since there

probably was an initial delay in the onset of cleavage

because in vitro culture conditions are inevitably

suboptimal compared to conditions in vivo (see, for
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example, Bowman & McLaren, 1970; Streffer et al., 1980;

Harlow & Quinn, 1982). The observation of Baranov (1976)

was that although at the blastocyst stage there was

already a certain tendency towards a delay in the rates

of cleavage in some triploid embryos, many of them

apparently continued to develop normally to at least the

blastocyst stage. The small sample size in this study

made it impossible to make any conclusive statement.

Takagi and Sasaki (1976) also reported that the cell

cycle of triploid pre-implantation embryos was 10% longer

than that of diploid control pre-implantation embryos.

Some triploids therefore appear to have a quite normal

pattern of pre-implantation development, while others

appear to be retarded in their development. A thorough

study of cell number and cleavage rate is an area that

should be examined in detail in the near future, in order

to try and achieve a clearer picture of what is happening

during the pre- as well as the post-implantation period

in triploid and other polyploid classes of embryos.

It has been demonstrated in fibroblasts cultured in vitro

that triploidy is not a true cell-lethal mutation, as

normal cleavage rates in triploid cells maintained in

tissue culture have been reported (Kuliev et a 7., 1 975;

Hassold & Sandison, 1983). Other workers have

demonstrated that human triploid cells require a longer

time to double their DNA content than normal diploid
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cells (Mittwoch & Delhanty, 1972). Bomse1-He 1mreich

(1976) observed that the survival time of cultured

triploid cells was also significantly reduced compared to

that of normal diploid cells. She suggested that the

disorganised growth and limited lifespan of triploid

embryos reflected abnormalities in their cell properties,

for example changes in their mitotic cycle, which

probably had a long-term affect on their cellular

proliferation, differentiation, and cell-cell

interactions.

Edwards et a7.,(1967) proposed the hypothesis that the

reduced survival capacity of triploids may be related to

the altered ratio of gene products of the autosomes and

the sex chromosomes. They suggested that the severity of

pathological changes is correlated with the sex

chromosome constitution of the triploids, which might be

either XXX, XXY or XYY. My results would seem to indicate

that this is clearly a simplistic hypothesis, and

moreover likely to be an incorrect view, since the

developmental capacity of the digynic and diandric

triploid embryos with an XXX and XXY sex chromosome

constitution was not significantly different. However,

as indicated earlier, the XYY diandric triploids did show

a reduced developmental capacity, and no mouse embryos of

this class developed beyond the early somite stage. In

man, this group rarely survives beyond the early

post-implantation period, and to date only empty
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gestational sacs with this genotype have been recovered.

This is indicated by the fact that, in man, the

XXX:XXY:XYY sex ratio in human triploids is

approximately 10:19:1 (the combined results of Niebuhr,

1974; Hassold, et al. , 1980; Uchida & Freeman, 1985).

It is possible that the X-chromosome inactivation status

of an embryo may have a significant influence on the

embryonic development and survival capacities of XXX and

XXY triploids. Endo et a7.,(1982) observed that cells

recovered from the embryonic region in digynic triploid

mouse embryos of XXX and XXY sex chromosome constitution

tended to have only one active X-chromosome present,

whereas cells isolated from the extra-embryonic membranes

often had two active X-chromosomes present. This is a

different situation from that found in the human (Jacobs

et al. , 1979), where cells recovered from the embryonic

region tend to have two active X-chromosomes present,

and the cells recovered from the extra-embryonic

membranes have only one active X-chromosome present.
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The postimplantation development of spontaneous digynic triploid
embryos in LT/Sv strain mice

M. H. KAUFMAN and S. SPEIRS

Department of Anatomy, University Medical School, Teviot Place, Edinburgh, EH8 9AG, UK

Summary

When spontaneously ovulating LT/Sv female mice are
mated with fertile males, between one third and one

half of the zygotes analysed at the first cleavage mitosis
are found to be triploid. This is due to the fact that
LT/Sv females ovulate both primary and secondary
oocytes, all of which are capable of being fertilized.
Fertilization of the former group results in the pro¬
duction of digynic triploid conceptuses, while their
diploid littermates result from the fertilization of
normal secondary oocytes. The present study was
therefore carried out in order to investigate the
'spontaneous' level of triploidy in these mice, and to
provide insight into the developmental fate of the
LT/Sv triploid embryos, as previous studies had

indicated that in this species triploids invariably fail to
develop beyond the early postimplantation period.
This study revealed that when autopsies were carried
out on the 7th and 8th days of gestation, it was
generally difficult to distinguish between the kary-
ologically normal diploids and the digynic triploid
conceptuses when only morphological criteria were
used. However, by the 10th day of gestation, the
triploid conceptuses could usually be readily dis¬
tinguished from their diploid littermates by their
smaller size and (occasionally) by their disorganized or
abnormal morphological appearance.

Key words: mouse embryo, LT/Sv strain, digynic triploid,
postimplantation.

Introduction

Various experimental techniques have been de¬
scribed which have allowed high rates of triploidy to
be induced in the mouse (for review, see Niemierko
& Opas, 1978), though the postimplantation develop¬
ment of somite-stage mouse, rat and rabbit embryos
achieved by these means has only rarely been de¬
scribed (Piko & Bomsel-Helmreich, 1960; Bomsel-
Helmreich & Thibault, 1962; Bomsel-Helmreich,
1965; Opas, 1977; Niemerko, 1981). In addition, since
the spontaneous occurrence of this condition is so
infrequently encountered in these species (Wrob-
lewska, 1971; Baranov, 1976), little information is
available on the developmental potential of these
conceptuses, though Niebuhr (1974) was able to
report on the developmental fate of several hundred
human triploids extracted from the world literature.
The latter study would appear to indicate that this
condition is probably considerably more frequently
encountered in man (see also Boue, Boue & Lazar,

1975) than in the few other mammalian species that
have so far been studied.

While postovulatory ageing of the oocyte within
the oviduct prior to fertilization is known to be
associated with a decreased efficiency in the various
blocks to polyspermy, this manoeuvre does not ap¬
pear to be a particularly reliable means of inducing
dispermic triploid development either in vivo (Mar-
ston & Chang, 1964; Vickers, 1969; Kaufman, 1973;
Beatty, 1978; Beatty & Coulter, 1978) or in vitro
(Maudlin & Fraser, 1978). While diandric triploidy
may also be induced by the fertilization of secondary
oocytes by diploid spermatozoa, the latter appear to
have a reduced level of survivability and impaired
motility compared to haploid spermatozoa within the
female tract (Mortimer, 1977). In addition to the
production of dispermic triploids, digynic triploidy
may also be induced under these conditions due to
the migration of the second meiotic spindle away
from the periphery of the egg, a phenomenon also
known to occur in aged oocytes (Szollosi, 1967, 1971;
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Webb. Howlett & Maro, 1986), and consequent
inhibition of second polar body extrusion.

Of the various experimental approaches that have
been employed to induce triploid development,
exposure of recently fertilized eggs to the cytokinesis-
inhibiting effect of cytochalasin would appear to be
one of the most efficient means available at the

present time (see Niemierko, 1975; Niemierko &
Opas, 1978). Exposure to phorbol ester (PMA)
during fertilization in vitro also produces a high
proportion of tripronucleate eggs (Niemierko &
Kontar, 1985). The incidence of triploidy following
fertilization in vitro is in any case significantly higher
than occurs following fertilization in vivo, probably
due to the higher level of polyspermy (Santalo, Estop
& Egozcue, 1986), and may also be related to the
dose of PMSG employed (Maudlin & Fraser, 1977).
Similarly, the spontaneous level of digynic triploidy
encountered in vivo may also be increased following
superovulation (Takagi & Sasaki, 1976).

A situation in which a much higher incidence
of spontaneous digynic triploid development occurs
than is normally encountered has recently been
reported by O'Neill & Kaufman (1987). These
authors mated spontaneously ovulating LT/Sv fe¬
males with F,-hybrid males and analysed the
chromosome constitution of fertilized eggs at the first
cleavage mitosis, observing that about one third of
the resultant zygotes were digynic triploids. This
finding was not entirely unexpected, since it had
previously been shown by Kaufman & Howlett (1986)
that almost one half of the unfertilized eggs isolated
from the oviducts of superovulated female LT/Sv
strain mice had been ovulated as primary rather than
secondary oocytes. The former group were ovulated
at metaphase of the first meiotic division, had a 4C
amount of DNA present and a 2N (diploid) number
of chromosomes. However, it is possible that the use
of superovulation may have precluded any mean¬
ingful estimate being made of the 'spontaneous' level
of triploidy that it was hypothesized might arise in,
and consequently be recovered from, LT/Sv strain
mice shortly after conception. The present study was
therefore undertaken to establish this information in
the first instance. It was also hoped that it might
provide insight into the developmental fate of LT/Sv
triploid mouse embryos, as previous studies had
indicated that the mouse triploids invariably fail to
develop beyond the early postimplantation period
(see Baranov, 1976).

Pregnant LT/Sv strain females were therefore
autopsied between the 7-10th day of gestation, and a
detailed karyological and morphological analysis of
their conceptuses was undertaken.

Materials and methods

8- to 12-week-old randomly cycling female LT/Sv strain
mice (MRC, Carshalton) were caged with (C57BL x
CBA)F] hybrid males. Early each morning the females
were checked for the presence of a vaginal plug and the
latter was taken as evidence of mating. The morning of
finding a vaginal plug was considered to be the first day of
pregnancy.

The females were autopsied at about midday on either
the 7th, 8th or 10th day of gestation. The decidual swellings
were isolated from the uterine horns and put into phos¬
phate-buffered saline. The embryos isolated on the 10th
day were then dissected free from within their extraembry¬
onic membranes (i.e. amnion and yolk sac) with fine
watchmakers' forceps, while all the conceptuses isolated on
the 7th and 8th day, and those that were developmentally
retarded on the 10th day were generally left intact and
treated as a single unit. The total number of resorptions
present was noted. All of the morphologically normal and
abnormal conceptuses were transferred into '199' tissue
culture medium (TC199) with added Colcemid (1 ml of a
0-1 % solution of Colcemid in 100 ml of TC199). The total
number of embryos that were clearly morphologically
normal or abnormal or, on the other hand, were considered
to be morphologically normal but retarded in their develop¬
ment was recorded at this time.

The chromosome constitution of all of the conceptuses,
both normal and abnormal, was then determined using a
modification of the technique described by Evans, Burten-
shaw & Ford (1972). In the case of the developmentally
more advanced embryos that had been isolated from within
their extraembryonic membranes, only the latter was used
to establish their chromosome constitution (i.e. ploidy).
The embryos, on the other hand, were transferred to
Bouin's fixative for subsequent histological analysis after
their crown-rump length and other morphological para¬
meters had been carefully noted. In the case of the grossly
abnormal conceptuses and the group of developmentally
severely retarded conceptuses, both the embryo and its
extraembryonic membranes had to be treated as a single
unit in order to maximize the chance of determining their
chromosome constitution. The chromosome preparations
were stained with 5% buffered Giemsa solution (R.66,
G. T. Gurr), then permanently mounted and the mitotic
spreads examined under the oil-immersion objective of a
Leitz photomicroscope.

Results

(A) Incidence of triploid conceptuses encountered on
the 7th, 8th and 10th days of gestation
The results of the autopsies conducted on the 7th, 8th
and 10th days of gestation are presented in detail in
Table 1, and representative triploid mitotic spreads
obtained following the disaggregation of the extra¬
embryonic membranes of two triploid conceptuses
are illustrated in Fig. 1A,B. In 18 out of the 21
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Table 1. Cytogenetic analysis of conceptuses isolated from LT/Sv females on either the 7th, 8th or 10th day of
gestation

Day of
gestation

Group at autopsy

Total

females

autopsied
Total

implantations
Total

resorptions

Total

embryos
recovered

Ploidy of conceptuscs

Diploid Triploid Not
(2n) (3n) analysable

Total

embryos analysed
cytogeneticallv

(% triploid)

7

8

10

1

5*
12*

9

46

119

1

4

11

8

42

108

6

27

81

1

12

25

7 (14-3)
39 (30-8)

106 (23-6)

* One additional female had 12 implants, 11 analysed cytogenetically - all diploid.
"Two additional females had 23 implants, 20 analysed cytogenetically - all diploid.

females autopsied, both diploid and triploid con¬
ceptuses were isolated, while in the remaining 3
females all of the embryos isolated were found to be
diploid. Out of a total of 190 implantation sites
isolated from females that contained both diploid and
triploid conceptuses, a total of only 16 implantation
sites contained resorbing embryos.

The overall incidence of triploidy encountered
between the 7-10th days of gestation in this study was
therefore 25% (38/152 conceptuses examined cyto¬
genetically) which is significantly lower than the
incidence of primary oocytes ovulated by LT/Sv
females following exogenous hormonal stimulation
(see Kaufman & Howlett, 1986). In the latter study,
47-8% out of a total of 295 recently ovulated and
parthenogenetically activated eggs analysed were
found to have been ovulated as primary oocytes. In a

more recent study, by O'Neill & Kaufman (1987),
33-8% out of a total of 65 fertilized LT/Sv eggs
analysed at the first cleavage mitosis, were assumed
to have been ovulated as primary oocytes.

While the figures quoted above are clearly signifi¬
cantly different, it is unclear whether the reduction
observed is solely due to the reduced incidence of
triploid conceptuses observed at successive stages of
development. It certainly seems unlikely that the
detrimental effect on their development potential of
possessing a triploid genome would have manifested
itself as early as the first cleavage division.

A proportion of the resorptions encountered in this
study might represent those triploid conceptuses that
failed to develop beyond the early postimplantation
period, and this might account for the higher inci¬
dence of triploid conceptuses encountered at the first

B

Fig. 1. Low (A) and high (B) magnification views of typical mitotic chromosome spreads from the extraembryonic
membranes of two triploid LT/Sv strain embryos. Each mitotic spread illustrated in (A) contains two large metacentric
chromosomes. This was the only conceptus in the present study in which such morphologically abnormal chromosomes
were observed.
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cleavage compared to the situation observed cyto-
genetically in the present study. It is of interest to
note that there was no significant difference observed
between the total number of conceptuses isolated per
female in the present study, compared to the number
recovered in previous studies shortly after ovulation
in spontaneously ovulating females (present study,
n = 21, 9-90 ± 0-38 (mean ± s.e.m.); previous studies,
n = 7, 9-14 ±0-70 (mean ± s.e.m.; G. T. O'Neill,
S. Speirs & M. H. Kaufman, unpublished obser¬
vations)).

(B) Morphological appearance of triploid conceptuses
encountered on the 7th, 8th or 10th day of gestation

(1) Isolation of conceptuses on the 7th day of
gestation
Only one female was autopsied on the 7th day of
gestation. All of the conceptuses were at the egg
cylinder stage of development and were morphologi¬
cally indistinguishable from each other. The one
conceptus that was revealed on cytogenetic analysis
to have a triploid chromosome constitution appeared
in all respects to be morphologically identical to its
diploid littermates. There was, in addition, no obvi¬
ous difference between the extraembryonic tissues of
the triploid conceptus compared to those of its diploid
littermates.

(2) Isolation of conceptuses on the 8th day of
gestation
Out of a total of six females autopsied on the 8th day
of gestation, all but one contained a mixture of
diploid and triploid conceptuses. All of the con¬
ceptuses that were morphologically abnormal or
grossly retarded in development compared to their
littermates proved to have a triploid chromosome
constitution. However, more than one half of the
triploid conceptuses were morphologically indis¬
tinguishable from their diploid littermates. No obvi¬
ous differences were observed between the extra¬

embryonic tissues of the triploids compared to their
diploid littermates.

(3) Isolation of conceptuses on the 10th day of
gestation
By the l()th day of gestation the conceptuses were
readily distinguishable into two principal categories,
namely a slightly larger group which contained
morphologically normal-looking viable forelimb-bud-
stage embryos with on average about 25 pairs of
somites present, and a second more heterogeneous
group of conceptuses. Almost without exception the
conceptuses in the latter group were substantially
smaller in volume and in crown-rump length than
those that could be assigned to the first group. The
embryos that had successfully 'turned' to adopt the

fetal position occasionally showed evidence of cardio¬
vascular stasis and morphological abnormalities in¬
volving the cephalic part of the neural axis. Several
embryos were observed that were still 'unturned'
while, in a few instances, partially 'turned' embryos
were observed in which the appearance of the
cephalic region was consistent with more advanced
development than the 'unturned' or partially 'turned'
state suggested. Only two examples of a completely
empty embryonic sac were observed (the 'triploidy
syndrome' described by Wroblewska, 1971).

Cytogenetic analysis of the extraembryonic mem¬
branes from the conceptuses isolated on the 10th day
revealed that those in the first category were in¬
variably diploid, while the great majority of those
in the second category had a triploid chromosome
constitution. In fact, only two of the developmentally
retarded embryos had a diploid chromosome consti¬
tution. In the light of the recent observations on the
relationship between the appearance of the extra¬
embryonic membranes and the genotype of mouse
conceptuses (McGrath & Solter, 1984; Surani, Barton
& Norris, 1984) it is of interest to note that in the case
of the triploid conceptuses the volume of extraembry¬
onic membranes present did not appear to be in any
way deficient. This may be related to the fact that the
triploids possessed both paternally and maternally
derived genomes. While a primitive yolk sac circu¬
lation was occasionally seen in the diploid mem¬
branes, this was never seen in the triploids. Further
observations will obviously be required to establish
whether this difference was significant or not.

Histological examination of ten of the advanced
somite-stage triploid conceptuses all but one of which
had successfully 'turned' to adopt the fetal position
revealed that four were morphologically normal,
though substantially smaller than their diploid litter¬
mates. As an indicator of development, three of these
embryos had deeply indented otic pits, while the
seven developmentally more advanced embryos had
otocysts present. All six of the morphologically ab¬
normal embryos examined had either localized or
extensive neural tube defects (see Fig. 2). In one
embryo, this consisted of a localized spina-bifida-like
lesion in the midabdominal region of the neural axis.
Five embryos had neural tube defects involving the
cephalic region. These could be divided into three
principal groups according to the location of the
cephalic lesion present, namely (i) one 'unturned'
embryo with a squirrel-type deformity in which the
cephalic neural folds had failed to close in the regions
overlying the fore-, mid- and hindbrain, (ii) two
embryos in which the neural folds had failed to close
in the regions overlying the fore- and midbrain and
(iii) two embryos in which the neural folds had failed
to close in the region overlying the forebrain only. In
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one of the embryos in group ii, a localized side-side
duplication of the neural tube was present in the
midcaudal region of the neural axis.

In those regions in which a neural tube defect was
present, the edges of the neural folds were character¬
istically everted and the neuroepithelial cells rounded
up and disorganized. Histological analyses of 12
diploid embryos isolated from the same litters was
carried out. None of these embryos had any evidence
of neural tube or cardiovascular abnormalities.

While no evidence of cardiovascular stasis was

observed in the diploid conceptuses, this was ob¬
served in about one third of the triploids. though in all
instances spontaneous contractions of the heart were
seen. It is possible that the presence of cardiovascular
stasis may have been indicative of the impending
death of these embryos. While no specific gross
cardiac abnormalities were recognized in any of the
triploids, an impression was formed that the hearts
were possibly somewhat larger than expected, though
this might have been due to the fact that the cephalic
regions were slightly smaller than normal in this
group.

In only one conceptus out of all of the triploids
studied, the uniform presence of two metacentric
chromosomes was noted. It is unclear whether these

represented de novo Robertsonian translocations. In
all of the mitotic spreads examined, a minimum of
five normal diploid or triploid preparations was
always present with a total of either 40 or 60 chromo¬
somes, respectively. However, in most instances,
many more spreads were analysed. No examples
of numerically abnormal chromosome preparations
were observed except, that is, from the single con¬
ceptus with the two metacentric chromosomes indi¬
cated above (see Fig. 1A).

Discussion

In the present study in which postimplantation con¬
ceptuses from pregnant LT/Sv strain mice were
examined both cytogenetically and morphologically,
it was apparent that the majority of the digynic
triploids induced following the fertilization of ovu¬
lated primary oocytes developed to the blastocyst
stage and successfully evoked a decidual response.
Furthermore, the majority of the triploids progressed
to comparable developmental stages to those
achieved by normal diploid embryos recovered on the
7th or 8th day of gestation. When the conceptuses
were recovered on the 10th day of gestation, the
triploids became increasingly more readily dis¬
tinguishable from their normal diploid siblings, a
finding that is in general agreement with the results of
previous studies on triploidy in the mouse (recently
reviewed by Niemierko, 1981).

In two of the experimental studies in each of which
single somite-stage triploid mouse conceptuses had
been recovered and analysed (Vickers, 1969; Opas,
1977) minimal information on their gross morphology
has been provided. The embryo obtained in the
former study was recovered from a pregnant female
between 9i-ll| days after delayed fertilization and
was described in the following terms: 'structurally
normal but smaller and paler than its diploid siblings,
no heart beat could be detected and it seems likely
that this foetus was dying'. The embryo recovered on
the 12th day of gestation by Opas (1977) was of
approximately the same developmental age. It had a
'beating heart, allantois, yolk sac, but no head'.

More recently, a small number of triploid con¬
ceptuses has been isolated by Kaufman & Bain (1984)
following the exposure of recently mated female mice
to an intragastric injection of a dilute solution of
ethanol. These embryos were recovered on either the
10th or 11th day of gestation and could be divided
into two easily distinguishable categories, namely
those that were retarded by about 24 h in develop¬
ment compared to their littermates, but nevertheless
were morphologically normal, and a second group
that were generally smaller than their normal siblings,
but were in addition morphologically grossly abnor¬
mal. In the present study, an additional class of
triploids has been recognized, namely those that
appeared on gross inspection to be morphologically
normal in appearance and at a very similar develop¬
mental stage to their diploid siblings, but had a
significantly reduced crown-rump length and vol¬
ume.

Despite the relatively limited number of triploids
analysed in the present study, only two out of the
thirty-eight triploid conceptuses recovered demon¬
strated any of the features of the 'triploidy syndrome'
first described in detail by Wroblewska (1971; see also
Niemierko, 1981). In addition, it is of interest that in
the few mouse strains in which postimplantation
triploid embryos have been observed, no viable
conceptuses have been recovered from females be¬
yond the 12th day of gestation (Vickers, 1969; Takagi
& Oshimura, 1973; Wroblewska, 1971, 1978; Bara-
nov, 1976; Opas, 1977; Niemierko, 1981).

In the A/He strain, high rates of triploidy were
encountered following the mating of superovulated
females to normal males. Many of these embryos
appeared to survive into the early postimplantation
period (Takagi, 1970; Takagi & Oshimura, 1973).
Following this experimental treatment, the average
frequency of triploidy was found to be in the region of
31 % at 2-5-3-5 days after mating, 24 % at 6-5 and 7-5
days, and decreased to about 15% at 10-5 and 11-5
days. In the majority of cases, the triploid con¬
ceptuses displayed all the features of the triploidy
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syndrome. One embryo isolated on the 10th day,
however, was said to be developing normally, though
regrettably no further information on this embryo
was provided.

In another very extensive study (see Baranov,
1976), the spontaneous incidence of triploidy was
established in mice from the CBA, C3HA and C57BL
inbred strains. The highest incidence of triploidy
recorded was in the C57BL strain in which about 4 %
of the conceptuses were found to be triploid. Cyto¬
genetic evidence was provided which confirmed the
hypothesis that the majority of the triploids encoun¬
tered were digynic in origin. In the same study, the
morphology of a considerable number of the triploids
that survived into the early postimplantation period
was examined histologically. 10 of the 18 embryos
examined on the 8th and 9th day were at the neurula
stage, all appeared to be healthy, though develop-
mentally somewhat retarded compared to their dip¬
loid littermates. The remaining embryos were smaller
and morphologically abnormal. When triploid em¬
bryos were isolated on the 10th day, 25 of 31
examined were clearly being resorbed. Of the six
apparently viable embryos 'their head end was much

Fig. 2. Representative intermittent serial transverse
sections through three LT/Sv triploid embryos isolated at
about midday on the 10th day of gestation.

(A-D) Four sections through the cephalic region of a
limb-bud-stage embryo with deeply indented otic pits.
Note that the neural folds overlying the entire
presumptive forebrain region (arrows) have failed to fuse,
whereas the hindbrain region appears to be
morphologically normal. Bar, 200pm.

(E-F) Two sections through a developmentally slightly
more advanced limb-bud-stage embryo than that
illustrated in Fig. 2A-D, which possessed a normally
located pair of otocysts (small arrows). Note that the
neural folds overlying the entire presumptive forebrain
region have failed to close. The extent of eversion of the
margins of the neural folds (large arrows) and associated
degree of neuroepithelial cellular disorganization is
clearly apparent in these sections. Bar (E), 200//m;
Bar (F), 400 ,um.

(G-H) Two sections through approximately the middle
of the embryonic axis of a partially 'turned' embryo
which, in addition, cuts through the proximal part of the
tail region. Note in particular the side-side duplication of
the neural tube (arrow). These neural tubes gradually
merge both cranially and caudally to give, initially, a
single morphologically abnormal neural tube with a single
lumen. Flowever, more distant cranially and caudally
from the duplicated segment, a single apparently
morphologically normal neural tube was present along
the rest of the 'spinal axis'. In the cephalic region, the
neural folds overlying the presumptive fore- and midbrain
had failed to fuse, whereas the neural folds overlying the
presumptive hindbrain region had closed normally. Bar,
200 /,im.
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smoother than normally, the neural crests (sic) were
flattened and asymmetrical, and the anterior and
posterior invaginations of the gut were ill defined'
(Baranov, 1976). The two triploid embryos isolated
on the 11th day had a sluggishly beating S-shaped
heart, several pairs of somites present and were
clearly (from the illustrations published in this paper)
at the early headfold stage of development.

The importance of genetic background on the
postimplantation development of triploid mouse em¬
bryos has clearly been demonstrated by the fact that
both CBA and A strain conceptuses develop the
'triploidy syndrome', whereas 129/Sv and its crosses
apparently do not (Wroblewska, 1978; see also
Beatty, 1957; Wroblewska, 1971). Possibly the LT/Sv
strain mice used in the present study belong to this
second category.

The findings reported above are clearly species
specific, as triploid (? dispermic) rat embryos have
been recovered on the 12th day of gestation (Piko &
Bomsel-Helmreich, 1960), triploid rabbit embryos on
the 17th day (Bomsel-Flelmreich, 1965, 1971), while
human triploid fetuses may very rarely survive to
term and beyond (Niebuhr, 1974).

The fact that the triploids in the present study
resulted from the fertilization of spontaneously ovu¬
lated primary oocytes which apparently were capable
of developing during the preimplantation period
in synchrony with their normal diploid littermates
would undoubtedly have favoured their chance of
survival into the postimplantation period. Whether
their digynic genotype conferred any additional de¬
velopmental advantage has yet to be established, but
this would seem to be unlikely.

The only other mice that are apparently capable of
regularly ovulating a significant number of primary
oocytes are from the NMRI/Flan strain (Jenderny et
al. 1980; Hansmann, Jenderny & Probeck, 1983) in
which up to 12 % of their eggs are ovulated as primary
oocytes. However, even this relatively high level,
though considerably lower than observed in the
LT/Sv strain females, is only observed after the
exposure of the NMRI/Han females to exogenous
gonadotrophins (Bartels, Jenderny & Hansmann,
1984). However, for reasons that are not entirely
clear, when Ta/O females of C3H x 101 background
were mated to males of the NMRI/Han strain and the
adult Fj hybrids treated with exogenous gonado¬
trophins, analysis of their ovulated oocytes revealed
that a low level of diploidy (1-0%) occurred in the
oocytes from XX mice, but a high level of diploidy
was observed (24-6 %) in oocytes from females with
the XO karyotype (Beermann, Franke & Hansmann,
1986). In the LT/Sv mice, our findings would appear
to indicate that significant numbers of primary
oocytes are ovulated in both spontaneously ovulating
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females and following exogenous hormonal stimu¬
lation.

The most advanced triploid mouse embryos
encountered on the 10th day of gestation in the
present study appeared to be developmentally sub¬
stantially more advanced than those previously
described by Baranov (1976). In the present study,
the majority of the triploid embryos recovered on the
10th day of gestation was found to be at a similar
developmental stage to their normal diploid litter-
mates. A proportion of the morphologically abnor¬
mal embryos, however, while still viable and with a
beating heart at the time of their isolation, was clearly
quite unhealthy, often having areas of vascular stasis
and would almost certainly have died 24-36 h later,
had they been left to develop in utero. Preliminary
histological analysis of the triploid conceptuses has
revealed that they had several common features, in
addition to their small size. More than half of the

triploid conceptuses displayed anomalies of closure of
the neural tube, principally involving the cephalic
neural folds, the latter ranging from isolated closure
defects overlying the presumptive forebrain to exten¬
sive lesions involving the entire cephalic region.
While no obvious gross cardiac abnormalities were
identified, in a proportion of these embryos, there
was evidence of vascular stasis. It appears likely
therefore that the present observations are consistent
with previous observations on triploidy in the mouse
(see Beatty & Fischberg, 1949, 1951; Edwards, 1954),
where disturbances of organogenesis were assumed
to have resulted from a reduced total embryonic cell
number associated with an increase in the volume of
their individual component cells. Takagi & Sasaki
(1976) estimated that from their experimental
findings the cell-cycle time during the preimplan-
tation period was about 10 % longer in triploid mouse
embryos than in their diploid siblings. They predicted
from these values that the total cell number of triploid
embryos would become half that of their diploid
siblings by about the time of the 10th cleavage (about
5-5 days p.c.) and a quarter at the time of the 20th
cleavage (about 10-5 days p.c.). In fact, similar
findings were reported by Snow (1975, 1976) during
his investigations into the postimplantation develop¬
ment of tetraploid mouse embryos. We hope to
quantify this difference in cell number and cell
volume between control (diploid) and triploid con¬
ceptuses, and describe their histological features in
more detail when sufficient numbers of viable LT/Sv
embryos become available to us.
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Effect of Exogenous Hormones on the
Ovulation of Primary and Secondary
Oocytes in LT/Sv Strain Mice
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LT/Sv strain mice ovulate both primary and secondary oocytes. These are fertilizable and
give rise to digynic triploid and normal diploid conceptuses, respectively. A previous study
[Kaufman and Speirs, 1987] had indicated that just over 20% of embryos recovered on the
10th day of gestation from spontaneously ovulating females had a triploid chromosome
constitution. This value was considerably lower than might have been expected by extrap¬
olation from earlier studies in which LT/Sv mice had been given exogenous gonadotro¬
pins. In the present study, therefore, cytogenetic analysis of fertilized eggs was performed
at the first cleavage mitosis in (1) spontaneously ovulating females mated to F1 hybrid
males, and (2) superovulated females mated to similar males. Additional females from
group (1) were autopsied on the 10th day of gestation, and the ploidy of embryos isolated
at this stage of gestation was determined. Exposure to exogenous gonadotrophins signifi¬
cantly increased the proportion of eggs that were ovulated as primary oocytes (34.4%),
compared to the situation observed following spontaneous ovulation (24.4%). All the
triploids encountered in both series were of the digynic type and characteristically (for LT/
Sv mice) had an oocyte-derived set with 40 chromosomes present, and a sperm-derived set
containing 20 chromosomes. Similar numbers of eggs were recovered from spontaneously
ovulating females on the 1st and 10th days of gestation, and the incidence of triploidy
observed on the 10th day was 22.1 %. The influence of exogenous hormones in increasing
the "spontaneous" level of triploidy in LT/Sv and in other strains of mice is briefly
reviewed.

Key words: mouse, primary oocytes, secondary oocytes, triploidy, LT/Sv strain

INTRODUCTION

Stevens and Varnum [1974] first drew attention to the fact that spontaneous
parthenogenetic activation occurred within ovarian follicles and in a proportion of the
naturally ovulated oocyte population of LT/Sv strain mice. There has accordingly
been considerable interest shown in the sequential changes that occur within the ovary
of this strain of mouse [Stevens, 1975; Eppig, 1978] as well as in the developmental
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pathways taken by the oocytes that undergo spontaneous parthenogenetic activation
within the reproductive tract [Kaufman, 1983; Anderson, et ah, 1984; Kaufman and
Howlett, 1986; Kaufman and Speirs, 1987; O'Neill and Kaufman, 1987],

A preliminary cytogenetic study of recently activated oocytes revealed that,
despite the presence of one pronucleus and a polar body, about 30% of the oocytes
had, contrary to expectation, a diploid chromosome constitution, with evidence of
"homologous chromosome pairing" [Kaufman, 1983], Subsequent studies [Kaufman
and Howlett, 1986; O'Neill and Kaufman, 1987] revealed that LT/Sv strain mice
regularly ovulate both primary and secondary oocytes. Following parthenogenetic
activation, these give rise to diploid and haploid oocytes, respectively. Furthermore,
both the primary and secondary oocytes are capable of undergoing monospermic
fertilization, with the development of digynic triploid and normal diploid conceptuses,
respectively [O'Neill and Kaufman, 1987].

An analysis of the uterine contents of mated spontaneously ovulating LT/Sv
females isolated on the 10th day of gestation revealed that about 23.6% of the embryos
recovered had a triploid chromosome constitution [Kaufman and Speirs, 1987]. This
level of triploidy was significantly lower than might have been expected by extrapo¬
lation from the incidence of primary oocytes ovulated by LT/Sv females following
exogenous hormonal stimulation [47.8% triploidy, see Kaufman and Howlett, 1986;
33.8% triploidy, see O'Neill and Kaufman, 1987]. We have therefore attempted in
the present study to investigate whether the ratio of primary to secondary oocytes
ovulated following exogenous hormonal stimulation is similar or different from that
observed following spontaneous ovulation in LT/Sv strain mice.

MATERIALS AND METHODS

Randomly cycling (i.e., spontaneously ovulating) female LT/Sv strain mice
(MRC, Carshalton), 8-12 weeks old, were caged with (C57BL x CBA) F1 hybrid
males. An additional group of 8-12-week-old female LT/Sv mice were given an
intraperitoneal (i.p.) injection of 5 i.u. pregnant mares' serum gonadotrophin (PMSG)
followed 48 hr later by an i.p. injection of 5 i.u. human chorionic gonadotrophin
(HCG) to induce superovulation. After the HCG injection these females were also
caged with (C57BL X CBA) F1 hybrid males. Early each morning both groups of
females were checked for the presence of a vaginal plug, which was taken as evidence
of mating. The morning of finding a vaginal plug was considered to be the 1st day of
pregnancy.

The females were autopsied following cervical dislocation at either 2:00 p.m.
on the day of finding the plug, or at about midday on the 10th day of gestation. The
one-cell stage pronuclear embryos recovered on the 1st day of pregnancy were
transferred to M16 tissue culture medium [Whittingham, 1971] containing 1 /xg/ml
colcemid, and their chromosome constitution was determined either later that evening
or early the next morning by the air-drying technique described by Tarkowski [1966].

In the postimplantation series, the decidual swellings were isolated from the
uterine horns and transferred into phosphate buffered saline (pH 7.2). The embryos
were then dissected free from within their extraembryonic membranes with fine
watchmakers' forceps. The extraembryonic membranes from each embryo were
transferred into tissue culture medium containing colcemid (1 mlofa0.1% solution
of colcemid in 100 ml of "199" tissue culture medium). The embryos that had
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abnormal morphological features were transferred to Bouin's fixative for subsequent
histological examination once their chromosome constitution had been determined
from an analysis of their extraembryonic membranes using a modification of the
technique described by Evans et al. [1972]. The chromosome preparations were
stained with a 5% buffered Giemsa solution (R.66,G.T.Gurr).

RESULTS

The results of the first cleavage analysis from the spontaneously ovulating and
superovulated groups of LT/Sv mice are presented in Table 1. These findings indicate
that 24.4% of the eggs analyzed at the first cleavage mitosis, from the spontaneously
ovulating females, and 34.4% of the eggs isolated from the superovulated females
had a triploid chromosome constitution. Cytogenetic analysis of the conceptuses
isolated on the 10th day of gestation from the spontaneously ovulating females
revealed that 22.1% of the embryos analyzed had a triploid chromosome constitution
(detailed findings presented in Table 2).

The number of eggs isolated per female from the spontaneously ovulating
groups analyzed on the 1st day of gestation (mean ± s.e.m; 10.00 + 0.64) and the
number of implantation sites (decidua containing embryos and resorptions) present
(mean + s.e.m; 9.89 + 0.30) were not significantly different. The incidence of
triploidy observed in the superovulated group in the present study was similar to that
obtained by O'Neill and Kaufman [1987] and slightly lower than that observed by
Kaufman and Howlett [1986],

All the triploid spreads examined at the first cleavage mitosis displayed the
characteristic 40 + 20 arrangement of chromosomes previously described elsewhere
[O'Neill and Kaufman, 1987], with the group of 40 oocyte-derived chromosomes
showing clear evidence of "homologous chromosome pairing."

In a previous study [Kaufman and Speirs, 1987], we reported the incidence of
triploidy observed on the 10th day of gestation following the mating of 14 sponta¬
neously ovulating females to fertile males. In the present study, we report our findings
following the analysis of a further 14 females, and, because the findings were not
significantly different, have combined the previous and the present data to substan¬
tially increase our sample size.

DISCUSSION

It has been estimated that triploidy occurs in about 1 % of all human conceptuses
[Carr, 1971a,b; Boue et al., 1975]. In other mammalian species this frequency varies
considerably, and in mice it depends to a considerable degree on the genetic back¬
ground of the particular strain examined. The frequency of triploidy encountered
during the preimplantation period varied between about 0.3% to 4.1% according to
various authors [for further details, see review by Dyban and Baranov, 1987].

There have been numerous experimental procedures developed to increase the
incidence of triploidy in mammals. Both digynic and diandric triploids have been
produced following the exposure of recently mated females of colchicine, colcemid,
cytochalasin B or D, osmotic shock, and delayed fertilization [see, e.g., Niemierko,
1975; Niemierko and Opas, 1978; Kaufman, 1983; Dyban and Baranov, 1987],
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The present study indicates that the administration of exogenous hormones per
se also provides a means of increasing the incidence of triploidy in LT/Sv zygotes, by
significantly increasing the frequency of ovulation of primary oocytes.

There are contradictory findings reported in the literature on the incidence of
triploidy produced by the administration of exogenous hormones in other strains of
mice. Edwards and Gates [ 1959], for example, have indicated that the eggs obtained
after superovulation could not be distinguished in any way from those of sponta¬
neously ovulated mice if the "correct" dose of exogenous hormones was used. More
recently, Takagi [1970; Takagi and Sasaki, 1976] reported that following moderately
high levels of exogenous hormonal stimulation (10 i.u. PMSG followed by 10 i.u.
HCG), they obtained particularly high rates of triploidy (in the region of 20%) from
A/He strain females. In the majority of cases their triploid conceptuses displayed all
the features of the "triploidy syndrome" first described in detail by Wroblewska
[1971],

NMRI/Han strain mice are also capable of ovulating up to 12 % of their eggs as
primary oocytes [Jenderny et al., 1980; Hansmann et al., 1983]. This situation was,
however, observed only after the NMRI/Han strain females had been superovulated
with gonadotrophins [Bartels et al., 1984], Apparently, when NMRI/Han males are
mated to Ta/O females, the XX female offspring (when injected with gonadotrophins)
ovulated only about 1% of primary oocytes, whereas up to 25% of the oocytes
ovulated by XO females were of this type [Beermann et al., 1986]. We are not aware
of comparable findings in any other strain of mice.

It is of interest to note that Maudlin and Fraser [1977] reported that the
proportion of triploid embryos observed in their study increased as the dose of PMSG
increased. These triploids were probably all dispermic in origin, as three discrete
groups of 20 chromosomes (2 sperm-derived groups and 1 oocyte-derived group)
were invariably seen at the first cleavage mitosis. Our triploid LT/Sv first cleavage
chromosome spreads characteristically have only two chromosome groups present,
an oocyte-derived set with 40 chromosomes present, and a sperm-derived set contain¬
ing 20 chromosomes. No triploid spreads were encountered in the present study in
which three discrete groups each containing 20 chromosomes were seen.

We are at present unaware of the underlying mechanism in LT/Sv strain mice
that leads to a significant increase in the proportionate incidence of eggs ovulated as
primary rather than secondary oocytes following exogenous hormonal stimulation.
We are presently initiating additional studies to investigate this phenomenon in more
detail.
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Influence of diandric and digynic triploid genotypes on early mouse

embryogenesis

M. H. KAUFMAN, K. K. H. LEE and S. SPEIRS

Department ofAnatomy, University Medical School, Teviot Place, Edinburgh, EH8 9AG, UK

Summary

Standard micromanipulatory techniques were used to
produce tripronucleate diandric and digynic triploid
mouse conceptuses. When these were transferred to
suitable recipients, most implanted. A wide range of
embryonic stages from the primitive streak to the 15- to
25-somite stage were isolated in both triploid series in
otherwise identical recipients. In the diandric triploid
series, all of the embryos recovered appeared to be
morphologically normal, but considerably smaller than
fertilized embryos analysed at similar stages of develop¬
ment. This contrasts with the digynic triploid con¬
ceptuses which, though also ranging from the primitive-
streak stage to about the 10- to 15-somite stage at the

time of their isolation, generally showed poorer embry¬
onic development than the diandric triploids, and were
invariably morphologically abnormal. Unlike the situ¬
ation observed in man, where the placentas of diandric
triploid conceptuses commonly display widespread tro¬
phoblastic hyperplasia and form the characteristic 'par¬
tial' or 'incomplete' type of hydatidiform moles, the
extraembryonic membranes of the diandric triploid
mouse conceptuses (as well as the digynic triploids) did
not appear to be grossly abnormal).

Key words: mouse, diandric triploidy, digynic triploidy,
embryogenesis, nuclear transfers.

Introduction

Considering that 1-3 % of all recognized human con¬
ceptions are believed to be triploid (Carr, 1971a,b\
Niebuhr, 1974; Boue et al. 1975; Beatty, 1978), little is
known about the influence of their triploid genotype on
their embryogenesis. Until quite recently, difficulties
were often encountered in establishing the exact em-
bryological origin of human triploid embryos/fetuses,
namely whether they were diandric or digynic in origin.
It now appears that about 85 % of human triploids
result from dispermy/diandry, and only about 15 %
from digyny (Surti, 1987).

However, because of the technical difficulties
encountered in the analysis of human triploid material,
we decided to investigate, in an experimental model,
whether the presence of a diandric or digynic triploid
genome per se had any influence on mammalian em¬
bryogenesis. To achieve this end, diandric and digynic
triploid mouse conceptuses that had been produced
experimentally following the microsurgical insertion of
a male or female pronucleus, respectively, into a
normal fertilized 1-cell-stage egg were analysed mor¬
phologically and cytogenetically during the early post-
implantation period. Using this approach, combined
with the use of an appropriate paternally derived
'marker' chromosome, we were able to unequivocally
confirm the diandric or digynic triploid status of the

analysed embryos.
In our study, all the tripronuclear 'hybrid' 1-cell-

stage embryos were transferred to pseudopregnant
recipients which were autopsied at about midday on the
10th day of pregnancy when normal diploid fertilized
embryos would be expected to have achieved the
forelimb-bud stage, and possess 25 or more pairs of
somites.

As the experimental procedure used resulted in
particularly high rates of implantation, it was possible
for us to isolate and analyse a high proportion of the
transferred conceptuses. The morphological features
and developmental stage achieved by each conceptus
was also assessed.

Materials and methods

8- to 12-week-old (C57BL x CBA)Ft hybrid female mice
were injected with 5i.u. of pregnant mare's serum gonado¬
tropin (PMSG) followed 48 h later by 5i.u. of human
chorionic gonadotropin (HCG). Shortly after the HCG
injection, the females were caged, in the preliminary series of
experiments, with (C57BL x CBA)F| hybrid males. Early the
following morning the females were checked for the presence
of a vaginal plug and the latter was taken as evidence of
mating. The morning of finding a vaginal pig was considered
to be the first day of pregnancy.

Early-pronucleate-stage fertilized eggs were isolated at
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Fig. 1. Tripronucleate diandric triploid 1-cell-stage mouse embryo.
Fig. 2. Tripronucleate digynic triploid 1-cell-stage mouse embryo. One of the pronuclei is difficult to discern because it is out
of the plane of focus. Note the absence of the second polar body in Figs 1 and 2. This is removed during the
micromanipulation procedure to avoid its possible fusion with the egg.

about 10 a.m. in the morning on the day of finding a vaginal
plug. In these early fertilized eggs, the female pronucleus is
always located in close proximity to the second polar body,
while the male pronucleus is located elsewhere in the cyto¬
plasm, but usually towards the periphery of the egg - in the
subcortical zone. In the first series of experiments in which Ft
hybrid females were mated to Ft hybrid males, male pronuclei
were isolated with a small volume of cytoplasm from 'donor'
eggs and inserted in the presence of inactivated Sendai virus
into the perivitelline space of 'recipient' 1-cell-stage fertilized
eggs using standard micromanipulatory techniques (McGrath
& Solter, 1983; Howlett et al. 1987). Evidence of cytoplasmic
fusion was always seen within about 1 h of the micromanipula¬
tory procedure. The 'hybrid' tripronucleate (i.e. diandric)
eggs (Fig. 1) were then transferred unilaterally to the oviducts
of recipients on the first day of pseudopregnancy (this was
subsequently considered the first day of gestation). The
recipients were anaesthetized with tribromoethanol (Avertin:
Winthrop; dose 0-02 ml g"1 body weight of a freshly prepared
1-2% solution of Avertin dissolved in 0-9% saline).

These recipients were then autopsied at about midday on
the 10th day of gestation, and the number of implantation
sites present, resorptions and embryos recovered were noted.
Cytogenetic analyses of the extraembryonic membranes -

principally the yolk sac, but often including amniotic tissue (in
the case of the advanced 'unturned' or the 'turned' embryos)
or of the intact conceptuses (in all other cases) were made
using a modification of the technique described by Evans et al.
(1972), in order to confirm that they had a triploid chromo¬
some constitution. All of the developmentally more advanced
triploid conceptuses were, in addition, analysed histologi¬
cally. This experimental group has been termed Series 1.

In order to establish unequivocally that the triploids pro¬
duced were indeed diandric in origin, an additional group of
superovulated F, hybrid females which had previously been
mated to fertile homozygous Rb(1.3)lBnr males (MRC,
Harwell) were autopsied on the morning of finding a vaginal
plug. Male pronuclei were again isolated from 'donor' eggs
and transferred into the perivitelline space of 'recipient' eggs

derived from the same mating combination (i.e. F! fe¬
male x Rb(1.3)lBnr male), as described above, in order to
obtain diandric triploid tripronucleate eggs.

The genotype of Rb(1.3)lBnr males {2n number = 38)
contains two large metacentric chromosomes, being Robert-
sonian translocations involving chromosomes 1 and 3 (cf.
normal mouse 2n number = 40). Consequently, following
fertilization by spermatozoa from these males, the paternally
derived haploid genome contains 18 acrocentric and 1 large
metacentric 'marker' chromosome. Thus diandric triploid
eggs, which have a normal female chromosome complement
associated with two paternally derived haploid chromosome
sets derived from the Rb(1.3)lBnr males, would inevitably
contain a total of 58 chromosomes, two of which would be the
large metacentric 'marker' chromosomes. This experimental
group has been termed Series 2.

A further group of superovulated Fj hybrid females were
mated to fertile homozygous Rb(1.3)lBnr males, but in this
series female pronuclei were isolated from 'donor' eggs and
inserted, as described above, into the perivitelline space of
'recipient' eggs derived from the Fj female x Rb(1.3)lBnr
mating combination, in order to obtain digynic triploid
tripronucleate eggs. These tripronucleate eggs (Fig. 2) were
then transferred unilaterally to the oviducts of recipients as
described above, and autopsies carried out on the 10th day of
gestation in order, in due course, to analyse the development
potential of these triploid conceptuses. Mitotic spreads from
these digynic triploids, with two genetically normal matern¬
ally derived pronuclei and one paternally derived
Rb(1.3)lBnr pronucleus would inevitably contain 59 chromo¬
somes, only one of which was a large metacentric 'marker'
chromosome. This experimental group has been termed
Series 3.

An additional group of unilateral oviduct transfers was also
carried out in which pronucleate-stage normal diploid ferti¬
lized eggs were transferred to recipients on the first day of
pseudopregnancy. These embryos acted as controls for the
three experimental series described above. This control group
has been termed Series 4.
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able 1. Postimplantation development of diandric and digynic triploid conceptuses isolated on the 10th day of gestation
following the transfer of tripronucleate eggs to the oviducts of pseudopregnant recipients

>P

No.

recipients
No. embryos
transferred

No.

implantations
(% transferred)

No.

resorptions
(% implants)

No.

conceptuses
isolated

Triploidy
confirmed

cytogenetically

Diandric/digynic
triploidy

confirmed

cytogenetically

i hybrid females X
F] hybrid males
(diandric triploid
conceptuses)

i hybrid females x
Rb(1.3)lBnr 'marker'
males

(a) Diandric triploid
conceptuses

(b) Digynic triploid
conceptuses

i hybrid females x
Fj hybrid males
(diploid fertilized
controls)

41

39

28

18

33

(80-5)

34

(87-2)
24

(85-7)
17

(94-4)

12

(36-4)

9

(26-5)
6

(25-0)
3

(17-6)

21

25

18

14

19

25

18

NA*

25

18

mpossible to confirm diandric status unequivocally in the absence of a paternally derived 'marker' chromosome.

In order to study the morphological appearance of embryos
and their extraembryonic membranes in situ, a small group of
recipients into which (female) x Rb(1.3)lBnr (male) dian¬
dric triploid embryos had been transferred unilaterally, were
autopsied at about midday on the 9th day of gestation.
Approximately half of their implantation sites were fixed
intact and their contents examined histologically. The con¬
ceptuses isolated from within the other implantation sites
were examined cytogenetically in order to determine their
ploidy and confirm their diandric origin.

Results

(A) Postimplantation development of diandric and
digynic triploids

Series 1. The development of Fj x Fj diandric
triploid embryos
The results of this first series of experiments are
presented in Table 1 (Group 1). The implantation rate
in this series was 80-5%, and 19 out of 21 of the
conceptuses isolated at about midday on the 10th day of
gestation from the operated sides had a triploid
chromosome constitution. However, in the absence of
an appropriate paternally derived 'marker' chromo¬
some, it was not possible to establish unequivocally
whether these conceptuses were in fact diandric or
digynic in origin. Nevertheless, the age of the eggs at
the time of micromanipulation - being at the early
pronucleate stage, and the location of the female
pronucleus - being in close proximity to the second
polar body, allowed the male pronucleus to be recog¬
nized with little difficulty. However, in those instances
where there was any doubt about the identity of the
male pronucleus, the egg was automatically excluded
from the study.

The two conceptuses isolated from the side into
which embryos had been transferred that had a diploid
chromosome constitution were probably eggs that had
undergone micromanipulation, but in which the 'donor'

nucleus failed to incorporate and take part in the
subsequent development of the conceptus. Alterna¬
tively, these diploid conceptuses might have resulted
from the recipients' own eggs that had been activated
parthenogenetically. The latter is the less likely sce¬
nario for the reasons indicated below (see section C).
Since the developmental stage achieved by the triploid
conceptuses in this series appeared in all respects to be
identical to that achieved by the diandric triploids from
Series 2 (see below), the findings from these two series
have been combined, and are for convenience pre¬
sented at the end of the next section.

Series 2. The development of F2
(female) x Rb(1.3)lBnr (male) diandric triploid
embryos
The results of this series of experiments are presented in
Table 1 (Group 2a). The implantation rate in this series
was 87-2%, and all of the conceptuses isolated on the
10th day of gestation from the operated sides had a
triploid chromosome constitution. However, in the
presence of an appropriate paternally derived 'marker'
chromosome, it was possible to establish whether these
conceptuses were diandric or digynic in origin. In fact,
analysis of the metaphase spreads from these triploid
conceptuses unequivocally revealed that they all were
diandric in origin. All of these metaphase spreads had a
total of 58 chromosomes present, two of which were the
paternally derived large metacentric 'marker' chromo¬
somes (see Fig. 3).

Of the 44 diandric triploid conceptuses isolated (i.e.
19 'assumed' diandric triploids from Series 1 and the 25
diandric triploids whose genotype had been confirmed
cytogenetically from Series 2), the developmental
stages achieved varied widely. Nine were in the form of
an empty gestational sac, similar in many respects to the
'triploidy syndrome' first described in detail by
Wroblewska (1971). The other embryos recovered.
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Fig. 3. Mitosis from the extraembryonic membranes of a diandric triploid conceptus. 58 chromosomes are present, two of
which are the large paternally derived metacentric 'marker' chromosomes (arrows).
Fig. 4. Mitosis from the extraembryonic membranes of a digynic triploid conceptus. 59 chromosomes are present, one of
which is the large paternally derived metacentric 'marker' chromosome (arrow).

however, all appeared to be morphologically normal in
appearance but significantly smaller than normal ferti¬
lized embryos at similar stages of development. Thus,
three embryos were at the advanced-egg-cylinder or
early-primitive-streak stage, thirteen were at the early-
headfold/early-somite stage, fifteen were at the
advanced 'unturned'/partially 'turned' stage with about
10-15 pairs of somites present, while the four develop-
mentally most advanced embryos had all 'turned', and
were at the forelimb-bud stage with about 20-25 pairs
of somites.

developmental stages achieved by the digynic triploids
varied widely, though only two empty gestational sacs
were recovered. All of the other conceptuses recovered
were substantially smaller in size than fertilized em¬
bryos isolated at a similar developmental stage. More
importantly, however, they were all clearly morpho¬
logically abnormal. Three of the embryos recovered
were at the primitive streak stage, eight were at the
early headfold/early somite stage of development,
while the developmentally most advanced five embryos
recovered in this series were at the advanced 'unturned
stage, with about 10-15 pairs of somites present.

Series 3. The development of F)
(female) x Rb(1.3)lBnr (male) digynic triploid
embryos
The results of this series of experiments are presented in
Table 1 (Group 2b). The implantation rate in this series
was 85-7% and all of the conceptuses isolated on the
10th day of gestation from the operated sides had a
triploid chromosome constitution. Analysis of the
metaphase spreads from these triploid conceptuses
unequivocally revealed that they all were digynic in
origin. All of these metaphase spreads had a total of 59
chromosomes present, only one of which was the
paternally derived large metacentric 'marker' chromo¬
some (see Fig. 4).

As in the diandric triploid series described above, the

Series 4. The development of Fj x Fj normal
(diploid) fertilized embryos
The results of this series of experiments are presented ir
Table 1 (Group 3). The implantation rate in this series
was 94-4 %, and 14 out of 17 pronucleate-stage embryo;
that were transferred to recipients were recovered or
the 10th day of gestation. All were morphologicall}
normal 'turned' forelimb-bud-stage embryos with more
than 25 pairs of somites present. Cytogenetic analysis o:
their extraembryonic membranes confirmed their dip
loid chromosome constitution.

(B) Analysis of the extraembryonic tissues of the
diandric and digynic triploids
In an additional preliminary study in which Fj x F
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Fig. 5. Representative histological section through the middle of an implantation site containing a presumed diandric triploid
morphologically normal advanced-primitive-streak/early-headfold-stage embryo. The embryonic region (e), amnion (a) and
allantois (b) are all clearly seen. Possibly due to the oblique plane of section, the ectoplacental cone region (arrow) appears
to be rather smaller than expected. Bar, 250 f/m.
Fig. 6. Representative sagittal histological section through an advanced 'unturned' digynic triploid embryo with about 8-10
pairs of somites. The cephalic region (c), primitive heart tube (h), somites (j) and base of the allantois (a) are clearly seen.
This embryo was the most normal of the digynic triploids that were studied histologically. Bar, 200 ,um.

diandric triploid pronucleate-stage embryos were trans¬
ferred unilaterally to the oviducts of two pseudopreg-
nant recipients, the latter were autopsied on the 9th day
of gestation. Approximately half of the implantation
sites consisting of five decidua and their contents were
retained intact and analysed histologically, while the
remaining conceptuses were isolated intact from within
the other implantation sites and analysed cytogeneti-
cally. Since all of the latter group had a triploid
chromosome constitution, it seemed reasonable to
assume that the histological analysis had in fact been
performed on a group of diandric triploid embryos.
These embryos, which were mostly at the advanced-
egg-cylinder-/early-primitive-streak stage of develop¬
ment, and their extraembryonic tissues, appeared in all
respects to be morphologically normal. The develop-
mentally most-advanced embryo in this series had
about 8-10 pairs of somites present, and also appeared
to be morphologically normal (see Fig. 5).

In all of the subsequent studies in which both diandric
and digynic triploid embryos were isolated on the 10th
day of gestation, the gross morphological appearance of
the extraembryonic membranes present did not appear
to be different in any obvious way from that expected to
be seen in normal fertilized embryos isolated at similar
developmental stages (see Fig. 6). However, it should

be noted that, in quantitative terms, since these em¬
bryos were substantially smaller than normal fertilized
embryos isolated at similar developmental stages, the
relatively small volume of the extraembryonic tissues
present appeared to be entirely consistent with the
small size of these embryos.

(C) Implantation sites in the non-operated (i.e.
contralateral) uterine horns
In approximately one third of recipients that were
autopsied on the 10th day of gestation, implantation
sites were present in the contralateral uterine horns. In
none of the 10 implantation sites of this type analysed
were either embryos or extraembryonic tissues re¬
covered. In addition, in four instances more implants
were present in the ipsilateral uterine horns (i.e. on the
same side into which embryos had been transferred)
than embryos were transferred. These 'additional' im¬
plants in fact result from the parthenogenetic activation
of the recipients' own eggs which had probably been
stimulated to develop by the general anaesthetic given
at the time of the oviduct transfer. This is a well-
established phenomenon (see Kaufman, 1975, 1983;
Kaufman & Sachs, 1975). It is also possible that the two
diploid embryos recovered from the operated side in
Series 1 (see Table 1, Group 1) might have resulted
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Figs 7, 8. Representative transverse histological sections through the cephalic region (Fig. 7) and cardiac region (Fig. 8) of
an apparently morphologically normal diandric triploid forelimb-bud-stage mouse embryo with about 20-25 pairs of somites
present. The genetic status of this embryo was confirmed following an analysis of its extraembryonic membranes.

from the parthenogenetic activation of the recipients'
own eggs. This is unlikely, however, since neither
embryos nor extraembryonic membranes were re¬
covered from the implantation sites in the non-operated
uterine horns. This hypothesis is also consistent with
the findings in previous studies in which parthenogen-
etically activated eggs were transferred to intact (i.e.
non-ovariectomized) pseudopregnant recipients. In
these studies, a decidual reaction is usually evoked, but
no embryonic derivatives are usually recovered (see
Kaufman & Gardner, 1974; Kaufman, 1983).

(D) Histological appearance of the diandric and
digynic triploids

Diandric triploids
As indicated elsewhere, the developmentally most
advanced diandric triploid embryos recovered from
recipients on the 10th day of gestation were morpho¬
logically normal and had about 20-25 pairs of somites.
A total of nine embryos in this series were examined
histologically. Representative sections through the
cephalic and cardiac regions of the developmentally
most advanced embryo in this series which was serially
sectioned are illustrated in Figs 7 and 8. Representative
histological sections through approximately the same
regions in a control fertilized embryo are illustrated in
Figs 9 and 10. A total of six control embryos from this
series were examined histologically. As the extra¬
embryonic tissues in all of these advanced-somite-stage

embryos were analysed cytogenetically to confirm their
triploid status, no histological sections were taken of
intact decidua.

Digynic triploids
As the digynic triploids were, as a group, developmen¬
tally less well advanced than the diandric triploids, only
six embryos were examined histologically. The somite-
stage embryos that were dissected from within their
extraembryonic membranes were invariably found to
be morphologically abnormal. The cephalic regions of
all of the most advanced embryos recovered, which had
about 10-15 pairs of somites present, were clearly
morphologically abnormal. Most of these embryos
showed evidence of peripheral oedema, possibly indica¬
tive of their impending death. A representative sagittal
section through the most advanced relatively normal
embryo from this series is illustrated in Fig. 6. One
common feature that was observed in almost all of the
primitive-streak- and headfold-stage embryos was the
presence of an enlarged allantois. The significance of
this has yet to be established, but a similar observation
has been noted previously (see Surani & Barton, 1983).

Discussion

Recent experimental studies have indicated that the
male and female genomes are not equivalent, but have
complementary roles during mammalian embryogen-
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Figs 9, 10. Representative transverse histological sections through the cephalic region (Fig. 9) and cardiac region (Fig. 10) of
a normal fertilized embryo from the control study at an approximately similar stage of development to the diandric triploid
embryo illustrated in Figs 7 and 8. Figs 7-10 are all illustrated at the same magnification. Bar, 250 ,um. Note that while the
morphological features of these two embryos are remarkably similar, the overall dimensions of the diandric triploid embryo
are substantially smaller than those of the normal fertilized embryo. Key to Figs 7-10. /, forebrain; h, hindbrain; o, region
of first branchial arch; a, common atrial chamber; v, ventricle; t, transverse section through tail region.

esis. While the presence of both genomes is clearly
essential for normal fetal development to term, the
female genome is thought to play an essential role in
controlling preimplantation embryonic development
and embryogenesis, whereas the male genome is be¬
lieved to play an essential role in the establishment of
the extraembryonic tissues (such as the yolk sac and
trophoblast) and the placenta (McGrath & Solter, 1983,
1984; Barton etal. 1984; Surani et al. 1984, 1986). These
conclusions have been drawn from the interpretation of
the findings from an extensive series of studies involving
nuclear transplantation, and from earlier studies in
which the development potential of parthenogenetic,
gynogenetic and androgenetic embryos had been ana¬
lysed. In almost all of these studies, diploid mouse
embryos were produced where the source of the two
haploid pronuclei, and consequently their genetic ori¬
gin, was known. Furthermore, the eggs' cytoplasm in
these experimental studies was also from a known
source, being obtained, for example, following the
enucleation of normal fertilized eggs or from enu¬
cleated parthenogenetically activated eggs (Kaufman et
al. 1977; Mann & Lovell-Badge, 1984; Surani & Barton,
1983; Surani et al. 1984, 1986). A similar differential
effect has also recently been demonstrated genetically
in mice (Cattanach & Kirk, 1985). These and other

studies would appear to indicate that complex interac¬
tions probably occur between some parental alleles.
However, the molecular basis for the differences in
their expression is unclear.

In the present study, however, we were more inter¬
ested in the influence of a diandric or digynic triploid
chromosome constitution on early embryogenesis in the
mouse. The limited clinical data from human spon¬
taneous abortus studies had indicated that a clear

relationship existed between the genetic constitution of
a triploid conceptus and the histological/morphological
features of its placenta. However, only minimal infor¬
mation was available on the effect of these triploid
genotypes on the development of the embryo/fetus
(Niebuhr, 1974). We were, however, aware that, in
man, the presence of two paternally derived haploid
sets of chromosomes, in the absence of a maternally
derived genome (i.e. a diandric diploid), generally
results in the production of gross abnormalities in
placental morphology, with the formation of a 'com¬
plete' type of hydatidiform mole - a condition which is
invariably associated with the absence of an embryo or
indeed any embryonic tissues (Szulman & Surti,
1978a,b\ Szulman, 1987a,b). Diandric triploid con-
ceptuses, on the other hand, most of which probably
result from dispermy, have a different embryological
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origin (Kaufman, 1988) and different histopathological
features (Szulman & Surti, 1978a,b). In these con-
ceptuses, the placentas show localized areas of hydropic
change and often display widespread trophoblastic
hyperplasia (Szulman. 1987a) giving rise to the 'partial'
or 'incomplete' type of hydatidiform mole. These are
almost invariably associated with the presence of either
an intact embryo/fetus or recognizable embryonic de¬
rivatives. In the case of the digynic triploids, however,
the placenta shows no characteristic abnormal features,
though it may show evidence of localized hydropic
changes, similar to those occasionally encountered in
the placentas of spontaneous abortuses with a normal
diploid chromosome constitution. Usually an embryo-
/fetus is present (Jacobs et al. 1982). These authors
noted that the placentas of some digynic triploids were
partially molar, and that all of these resulted from first
meiotic errors in which failure of extrusion of the first

polar body had occurred.
We believe that this report represents the first

unequivocal demonstration that some diandric triploid
mouse embryos are capable of developing to at least the
20- to 25-somite stage, and that these embryos appear,
on gross inspection and on histological analysis, to be
morphologically normal. In the absence of histological
analyses of the developmentally less advanced em¬
bryos, however, while they appeared on gross inspec¬
tion to be morphologically normal, it is clearly impos¬
sible for us to state unequivocally at this stage that they
were in fact so. Further detailed analyses will have to be
undertaken, to investigate this aspect in more detail.
This is in marked contrast to the findings in relation to
the digynic triploids which, when isolated from recipi¬
ents at a comparable stage of gestation were, as a
group, generally more retarded in their development
than the diandric triploids. More significantly, at least in
the case of the primitive streak and developmentally
more advanced embryos, they were invariably morpho¬
logically abnormal. The abnormalities observed in the
digynic triploid advanced-somite-stage embryos pro¬
duced in the present study were remarkably similar to
those observed in the LT/Sv strain digynic triploid
advanced-somite-stage embryos produced by the
monospermic fertilization of ovulated primary oocytes
(Kaufman & Speirs, 1987; see also Kaufman, 1983;
Kaufman & Howlett, 1986; O'Neill & Kaufman, 1987).
In both groups of digynic triploids, the most common
abnormalities encountered were confined to the neural
tube, due to defects in its morphogenesis, often result¬
ing in closure defects involving the cephalic region. In
the most advanced somite-stage digynic triploid em¬
bryos, vascular stasis was often encountered in the
cephalic region, sometimes associated with peripheral
oedema, though in all instances spontaneous contrac¬
tions of the heart were seen. It is believed that these
vascular problems may have been indicative of the
impending death of these embryos. These findings in
relation to the digynic triploids are in general agree¬
ment with those of Surani & Barton (1983, see also
Surani, 1985, 1986) who produced digynic triploid
mouse embryos by suppressing the extrusion of the

second polar body. These embryos were invariably
retarded in their development compared to the con¬
trols. The most advanced embryos obtained had about
15-16 pairs of somites, but had 'a variety of abnormali¬
ties' and showed evidence of problems associated with
the process of 'turning', and were all in poor condition
'and deteriorating' at the time of their isolation. In the
less well developed embryos, the presence of a promi¬
nent amnion and abnormal allantois was noted.

Direct extrapolation from the human placental
findings would seem to indicate that the extraembryonic
derivatives in the diandric triploid mouse conceptuses
might, in a proportion of cases, show evidence of
widespread trophoblastic hyperplasia (Szulman, 1987a;
Szulman & Surti, 1978a,b) or abnormalities of the
extraembryonic tissues. However, no very obvious
differences were observed in our study between the
extraembryonic tissues of the diandric and the digynic
triploids. Furthermore, considering that both groups of
triploids were substantially smaller than normal ferti¬
lized embryos analysed at comparable stages, the
extraembryonic membranes present (on a volume-for-
volume basis) were not noticeably different from those
expected in controls isolated at similar developmental
stages.

While the extraembryonic findings in our triploid
mouse embryos may not, presumably due to species
differences, be comparable to the situation observed in
man, the influence of a diandric or digynic triploid
genome on some aspects of embryogenesis may never¬
theless be similar, particularly in relation to the
production of severe intrauterine growth retardation
which is invariably seen in human triploid conceptuses
(C. Gosden, personal communication).

The proportion of the implantation sites analysed on
the 10th day of gestation that contained resorptions in
the diandric and digynic triploid series was relatively
high. Possibly had the autopsies been carried out at an
earlier stage in the postimplantation period, the resorp¬
tion rate in one or both series might have been
substantially lower. Additional studies will clearly have
to be undertaken in order to investigate this matter
further.

In future studies, we also plan to investigate whether
a relationship exists between the genotype of a diandric
triploid mouse embryo (which may be 60.XXX,
60.XXY or 60.XYY) and that of digynic triploids
(which may be 60,XXX or 60,XXY) and their morpho¬
logical features and development potential. While we
appreciate that a greater diversity of sex chromosomal
constitution exists in the diandric compared to the
digynic triploids (XMXP1XP2, XMXP1YP2, xMXP2Ypl
and xMYriYp2 as compared to XM1 Xp XM2 and XM1
XM2 Yp, respectively), it is difficult to see how this
could modify the survival of the triploid embryos. It is
possible that one explanation for the present findings
might be that certain parental alleles, which are, in
some way, involved in controlling the development of
these embryos, are present in different ratios.

Insufficient data are available from the analysis of
human triploids at the present time to indicate whether
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a consistent abnormality or group of abnormalities is
associated with any of the various genotypes indicated
above, apart from the fact, discussed earlier, that
69.XYY triploids appear to die (for reasons yet to be
established) during the early postimplantation period
and are consequently only very rarely encountered.

The work reported here was supported by grants from the
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RAPID COMMUNICATION

Cytochalasin D-Induced Triploidy in the Mouse
S. SPEIRS AND M. H. KAUFMAN

Department ofAnatomy, University Medical School, Edinburgh, EH8 9AG
Scotland

ABSTRACT Previous attempts to obtain digynic triploid mouse development in vivo have either
been entirely or only marginally successful, generally with the production of heteroploid rather
than triploid conceptuses. We report that when a single intraperitoneal injection of 15 gg of cy¬
tochalasin D is given to recently mated female mice during a restricted period following ovulation
induced by exogenous gonadotrophins, between 14 and 18% of conceptuses isolated on the 10th day
of gestation had a triploid chromosome constitution. Triploidy was only induced in those eggs that
were exposed to cytochalasin D when they were passing through a critical phase of the second
meiotic division corresponding to the time when the second polar body was about to be extruded.
Exposure to this agent either before or after this critical period only results in the development of
normal diploid conceptuses. When females were mated to males carrying an easily recognisable
paternally derived 'marker' chromosome, convincing cytogenetic evidence was obtained that only
digynic triploidy was induced. No examples of diandric triploidy were recognised when conceptuses
were analysed on the 10th day of gestation. The technique described therefore represents a simple
and direct means of inducing digynic triploid mouse conceptuses whose development potential may
be compared directly with that of their normal diploid littermates.

Spontaneous polyploidy only occurs rarely in
mammals, and most polyploid embryos fail to sur¬
vive beyond the early postimplantation period (Beatty,
'57; Dyban and Baranov, '87). However, in the LT/Sv
strain of mice spontaneous triploidy is relatively
commonly encountered, as a significant proportion
of their eggs are ovulated as primary rather than
secondary oocytes (Kaufman and Howlett, '86). Fol¬
lowing monospermic fertilisation, the primary oo¬
cytes give rise to digynic triploid embryos, whereas
the secondary oocytes give rise to normal diploid
embryos (O'Neill and Kaufman, '87). In a recent study,
22.2% of LT/Sv embryos isolated on the 10th day of
gestation were found to be digynic triploids (Speirs
and Kaufman, '88; see also Kaufman and Speirs, '87).

In man, while the incidence of triploidy is not
thought to be much higher than 1-2% at conception,
such embryos in fact account for about 15-20% of
all first-trimester spontaneous abortions (Carr, '71a,b;
Boue et al., '75; Lin et al., '85). A small number
survive into the second trimester of pregnancy, but
such fetuses only very rarely survive to term (Nie-
buhr, '74). Only relatively recently, with the avail¬
ability of various banding techniques that facilitate
the analysis of mitotic metaphase preparations, it is
now possible not only to determine the genetic con¬
stitution of early human triploid conceptuses but also,
in many instances by the recognition ofchromosomal
polymorphisms, to establish whether they are dian¬
dric or digynic in origin.

Because of the significant part triploids play in
human pregnancy wastage, numerous attempts have
been made to produce animal models that may shed
light on the pathogenesis of triploidy in man. Fur¬
thermore, until reliable experimental techniques are
available to produce high rates of triploidy in mam¬
mals, it will not be possible to investigate the influ¬
ence of a triploid genome on early embryogenesis in
any systematic way, since the number of human tri¬
ploid conceptuses obtained in reasonable condition
in any centre is limited, while their pre- and early
postimplantation stages of embryogenesis are sim¬
ply unavailable for analysis. For this reason, it is
essential that attempts are made to establish simple
and reliable means of obtaining triploid mammalian
conceptuses in sufficient numbers to allow appro¬
priate embryological studies to be carried out.

A number of experimental techniques have been
developed over the years that facilitate the routine
production ofhaploid, digynic triploid, and tetraploid
mammalian embryos (for review, see Niemierko and
Opas, '78; Kaufman, '83; Dyban and Baranov, '87).
One of the most efficient techniques for obtaining
digynic triploid mouse embryos involves the expo¬
sure of recently fertilised eggs to cytochalasin B
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(Niemierko, '75, '81; Niemierko and Komar, '77) or

cytochalasin D (Speirs and Kaufman, unpublished
data). The highest rates of triploidy are achieved
when eggs are incubated in vitro in tissue culture
medium containing one of these agents shortly after
fertilisation has occurred, during the period of sec¬
ond polar body extrusion, when the eggs are com¬
pleting their second meiotic division. Second polar
body extrusion is effectively inhibited, and conse¬

quently both products of the second meiotic division
are retained within the egg.

Previous attempts to obtain digynic triploid mouse

development in vivo following the intraperitoneal
injection ofmitotic inhibitors, artificial insemination
in the presence of these agents, or by delayed mat-
ings have either been entirely unsuccessful (Nie¬
mierko, '75, '81) or only marginally successful (Mar-
ston and Chang, '64), generally with the production
of heteroploid rather than triploid conceptuses (Ed¬
wards, '54, '58, '61; McGaughey and Chang, '69). We
have been more successful in this regard and are
able to report that when an appropriate dose of cy¬
tochalasin D was given to recently mated females
during a restricted period following ovulation in¬
duced by the injection of exogenous hormones, be¬
tween 14 and 18% of all conceptuses isolated on the
10th day of gestation had a digynic triploid chro¬
mosome constitution.

MATERIALS AND METHODS

F1 hybrid female mice (8 to 12 weeks old; C57BL
x CBA) were injected with 2.5 i.u. of pregnant mare's
serum gonadotrophin (PMSG) followed 48 hr later
by 2.5 i.u. of human chorionic gonadotrophin (HCG).
Shortly after the HCG injection, the females were

caged with F1 hybrid males (C57BL x CBA). Early
the following morning the females were checked for
the presence of a vaginal plug, and the latter was
taken as evidence of mating. The morning of finding
a vaginal plug was considered to be the first day of
pregnancy. The female mice that had mated were

given an intraperitoneal (i.p.) injection of 15 p.g cy¬
tochalasin D at various times after the HCG injec¬
tion for inducing ovulation (i.e., at 11,11.5,12, 12.5,
13, 13.5, and 14 hr after the HCG injection). An
additional group of F1 hybrid females that had pre¬
viously been mated to F1 hybrid males were not
exposed to an injection of cytochalasin D and con¬
sequently were "uninjected" controls. Embryos iso¬
lated from these females were analysed to establish
whether exposure of one-cell-stage embryos to cy¬
tochalasin D might have a long-term detrimental
influence on the growth and/or development of those
normal diploid fertilised embryos that were isolated

from litters that contained both diploid and triploid
conceptuses. The mean crown-rump length of a sam¬

ple of diploid embryos isolated from both the exper¬
imental and the "uninjected" control groups were
therefore measured and the findings from the two
series compared.

All the females were autopsied at about midday
on the 10th day of gestation. The numbers of im¬
plantation sites present, embryos recovered, and re¬
sorptions were noted. The embryos recovered were
dissected free from within their extraembryonic
membranes. The crown-rump length of the fully
"turned" embryos was measured and the develop¬
mental stage achieved by all conceptuses noted. A
note was also made of the morphological appearance
of all of the developmentally retarded embryos, and
these were subsequently fixed in Bouin's solution to
allow histological analysis to be undertaken. The
chromosome constitution of all of the somite-stage
or more advanced embryos was determined from an

analysis of the amnion and yolk sac. These were
incubated for 2 hr in 199 tissue culture medium (TC
199) containing colcemid and chromosome prepa¬
rations made using a modification of the technique
described by Evans et al. ('72). All chromosome prep¬
arations were G-banded using a modification of the
trypsin ASG method described by Gallimore and
Richardson ('73). Karyograms were subsequently
prepared according to the Committee on Standard¬
ized Genetic Nomenclature for Mice ('72) and Nesbitt
and Francke ('73). In the case of presomite-stage em¬
bryos, the whole conceptus was used to establish its
chromosome constitution. All of the more advanced

triploid conceptuses were analysed histologically.
To establish unequivocally that the triploids ob¬

tained were in fact digynic rather than diandric in
origin, an additional group of F1 hybrid females that
had been exposed to an intraperitoneal injection of
15 p.g cytochalasin D at 12.5 hr after the HCG in¬
jection for inducing superovulation were mated to
fertile homozygous Rb(1.3)lBnr males (MRC, Har¬
well). These males have 38 chromosomes in their
complement, two of which are large metacentrics
being robertsonian translocations involving chro¬
mosomes 1 and 3 (mouse 2n = 40). Consequently,
following fertilisation by spermatozoa from these
males, the paternally derived haploid genome con¬
tains 18 acrocentric and one large metacentric
"marker" chromosome. Thus if eggs with a normal
chromosome complement are fertilised by two sper¬
matozoa from these males (i.e., giving rise to a dian¬
dric triploid conceptus) a mitotic spread from such
an embryo would inevitably contain 58 chromo¬
somes, two of which would be the large metacentric
"marker" chromosomes. Mitotic spreads from di-
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TABLE 1. Incidence of cytochalasin D (CD)-induced triploidy in embryos recovered on the 10th day ofpregnancy

Time of Cytogenetic analysis
injection

of CD No. of No. of No. of Total embryos
(hr after females implantation No. of embryos analysed Percent

Groups HCG) analysed sites resorptions recovered NA1 Diploid Triploid cytogenetically triploid

1 11 3 53 1 532 1 52 0 52 0
2 11.5 6 58 2 572 0 56 1 57 1.8
3 12 7 69 2 682 0 58 10 68 14.7
4 12.5 10 99 5 94 1 76 17 93 18.3
5 13 5 60 2 592 0 51 8 59 13.5
6 13.5 6 50 9 41 0 41 0 41 0
7 14 5 93 10 83 0 83 0 83 0
8 Control, 5 56 1 57 0 57 0 57 0

no CD

given

'Not analysable.
2Two embryos found in one decidual swelling in each of these groups.

gynic triploids, on the other hand, would contain 59
chromosomes, only one of which was a large meta¬
centric "marker" chromosome.

Additional groups of F1 hybrid female mice were
injected with similar levels of exogenous gonadotro-
phins to those described above and autopsied at half-
hour intervals between HCG + 10.5 hr and HCG +

14 hr in order to establish their ovulation profile. A
total of between three and six females were injected
for each time group studied.

RESULTS

Incidence of Triploidy Established on the 10th
Day of Gestation Following the Exposure of
Superovulated Females to Cytochalasin D

F1 hybrid females mated to F1 hybrid males. The
results of the cytogenetic analyses performed on the
conceptuses isolated on the 10th day of pregnancy
are presented in Table 1. The highest incidence of
triploidy (18.3%) was obtained when the injection of
cytochalasin D was given at HCG + 12.5 hr. Indeed,
a significant elevation in the incidence of triploidy
beyond control levels was only obtained when ex¬
posure to this agent occurred between HCG + 12 hr
to HCG + 13 hr. At HCG + 12 hr the incidence of
triploidy was 14.7%, while at HCG + 13 hr 13.5%
of the embryos recovered had a triploid chromosome
constitution. When exposure to cytochalasin D oc¬
curred outside this time period, the incidence of tri¬
ploidy was either extremely low (i.e., 1.8% at HCG
+ 11.5 hr) or no triploid conceptuses were recovered
(i.e., at HCG + 11 hr and HCG + 13.5 hr). There
appears therefore to be a critical time period during
which the injection of cytochalasin D is effective in
suppressing the extrusion of the second polar body

and inducing the development of digynic triploid
conceptuses.

Of the total of 36 triploid embryos recovered on
the 10th day of gestation from this first series of
experiments, 15 were present in the form of disor¬
ganised or empty gestational sacs (examples of the
"triploidy syndrome" first described in detail by
Wroblewska ['71]) or primitive streak stage embryos,
4 were at the headfold/presomite stage, 13 were "un¬
turned" embryos with up to about 10 pairs of somites
present, 2 were partially "turned" embryos, and 2
were very early "turned" embryos with about 15—20
pairs of somites present.

F1 hybrid females mated to Rb(1.3)lBnr males. In
the second series of experiments in which F1 hybrid
females were mated to homozygous Rb(1.3)lBnr
males, and the females subsequently injected with
15 p,g cytochalasin D at 12.5 hr after the HCG in¬
jection, a total of eight females were autopsied on
the 10th day of gestation. The incidence of triploidy
observed in the embryos isolated from these females
was 18.1% (15 out of 83 conceptuses analysed were
triploid). Furthermore, all of the triploid mitotic
spreads analysed contained 59 chromosomes, one of
which was a large metacentric "marker" chromo¬
some (see Fig. 1). No examples of mitotic spreads
were observed in which two "marker" chromosomes
were present. The latter observation thus provides
unequivocal cytogenetic evidence that all of the tri¬
ploid conceptuses analysed in this group were di¬
gynic in origin. While this does not provide unequiv¬
ocal proof that all of the triploids analysed in the
first series of experiments were of a similar type, it
would seem to be reasonable, albeit indirect, evi¬
dence that probably all of these were also digynic in
origin.
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TABLE 2. Ovulation profile of (C57BL x CBA) F1 hybrid
female mice following superovulation with 2.5 i.u. PMSG

followed 48 hr later by 2.5 i.u. HCG

Mean No.
Time after of eggs

HCG ovulated

injection Total mice per mouse
Groups (hr) per group (±SEM)'

1 10.5 3 0
2 11 5 2.4 ± 0.68
3 11.5 5 10.2 ± 0.65
4 12 6 14.0 ± 2.89
5 12.5 6 15.6 ± 1.51
6 13 5 17.4 ± 1.93
7 13.5 5 18.4 ± 2.71
8 14 5 18.0 ± 2.90

'Only eggs collected from within cumulus masses are included (for
discussion, see text).

Ovulation profile ofF1 hybrid females following
superovulation treatment

An ovulation profile for our (C57BL x CBA) F1
hybrid female mice was established by isolating cu¬
mulus masses from the oviducts of superovulated
females and determining how many eggs were pre¬
sent at various times after the HCG injection. The
results of this analysis are shown in Table 2. A lim¬
ited number of cumulus-free eggs were often also
present, but were excluded from this analysis as it
is believed that these are induced to ovulate in re¬

sponse to the follicle-priming injection of PMSG rather
than in response to the ovulatory stimulus of the
HCG injection (see Burdick and Whitney, '41; Kauf¬
man and Whittingham, '72).

An analysis of the crown-rump lengths of normal
diploid embryos isolated from uninjected females

and from females previously exposed to
Cytochalasin D

To establish whether the exposure to a single in¬
jection of Cytochalasin D had any long-term detri¬
mental effects on the development of those embryos
in which suppression of second polar body extrusion
did not occur, the crown-rump lengths of a substan¬
tial number of normal diploid forelimb bud stage

Fig. 1. Representative metaphase spread, with asso¬
ciated karyogram, from the extraembryonic membranes
)f a cytochalasin D-induced digynic triploid mouse embryo
with a 60,XXY sex chromosome constitution. The F1 hy-
orid female mice employed had a normal chromosome con¬
stitution (mouse, 2n = 40), whereas the haploid karyotype
}f the homozygous Rb(1.3)lBnr males included a large
metacentric "marker" chromosome. Thus each digynic tri-
aloid metaphase spread contains 59 chromosomes, includ-
,ng one paternally derived "marker" chromosome.

embryos isolated from uninjected and injected fe¬
males were measured. In the first series of embryos
analysed, these were isolated from pregnant females
that had not at any stage been exposed to Cyto¬
chalasin D. The crown-rump lengths was also mea¬
sured in a similar number of normal diploid embryos
isolated from experimental females that had previ¬
ously been exposed to an injection of Cytochalasin
D. These embryos were all isolated from litters that
contained both diploid and triploid conceptuses.

In the uninjected "control" series, the mean crown-
rump length (± S.E.M.) was 3.01 ± 0.06 mm (N =
40), whereas the comparable figure for the experi¬
mental series was 2.37 ± 0.05 mm (N = 45). This
difference in the crown-rump length was clearly sig¬
nificant. The crown-rump lengths of the few "turned"
triploid embryos that were encountered were sub¬
stantially smaller than those of their normal diploid
littermates.

DISCUSSION

Our findings seem to suggest that it is possible to
obtain reasonable rates of digynic triploid develop¬
ment in F1 hybrid mice, and presumably in other
strains of mice, if recently mated females are given
a single intraperitoneal injection of cytochalasin D
during a relatively restricted period shortly after
ovulation. The critical feature of this experimental
approach seems to be that exposure to this agent
must occur during the brief period following fertil¬
isation when the egg is about to extrude its second
polar body.

If this agent is given too early, either prior to fer¬
tilisation or before the egg is stimulated to undergo
the series of events that lead to the completion of
the second meiotic division, only very low rates of
triploidy were achieved. Similarly, ifexposure to this
agent occurs after the various events associated with
second polar body extrusion have been initiated, then
only normal diploid embryos result.

It is of interest to note that reasonable rates of
triploidy were only recorded in the present study
when eggs were exposed to cytochalasin D at 12,12.5
and 13 hr after the HCG injection for inducing su¬
perovulation. While it is likely that significantly
higher rates of triploidy could have been induced in
vivo by increasing the dose of cytochalasin D, the
relationship to the time of the HCG injection during
which triploidy is induced would be similar. As may
be observed from the ovulation profile of the F1 hy¬
brid females, the first evidence of ovulation was ob¬
served at 11 hr after the HCG injection, but maximal
rates were achieved between 1 and 1.5 hr later.

Mating generally occurs prior to ovulation, so that
spermatozoa are already present within the oviduct
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when the eggs are released from the ovary. In our
study, we believe that triploidy only occurred in those
eggs that were exposed to appropriate levels of cy-
tochalasin D when they were passing through a crit¬
ical phase of the second meiotic division, when the
second polar body was about to be extruded.

It is unclear why a maximum of only about 14-
18% of the eggs exposed to this agent developed as

triploids. Several possibilities exist. First, the in¬
jected cytochalasin D may only achieve effective lev¬
els for a relatively short period of time, after which
it may be rapidly diluted and/or cleared from the
circulation. Since the eggs destined for ovulation are
released from the ovary over the period of about 1
hr, it should not be surprising if sequential stages
are present within the population of eggs present in
the oviduct at any one time (Edwards and Gates,
'59), only a proportion of which may be susceptible
to the inhibitory effect of the cytochalasin D. As in¬
dicated previously, it is likely that the level of tri¬
ploidy achieved may to some extent depend on the
dose of this agent to which the females are exposed.

We are at present unaware of the reason(s) why
the diploid embryos isolated from the cytochalasin-
exposed groups were significantly smaller than the
diploid embryos isolated from the "uninjected" con¬
trol group. In the absence of information on the clear¬
ance of cytochalasin from the circulation of the in¬
jected females, we can only speculate that the
detrimental effect observed on their growth and/or
development might have resulted from the influence
of any residual cytochalasin that persisted in the
environment of these embryos in concentrations suf¬
ficient to have affected the rate of proliferation of
their component cells.

As cytochalasin D interferes with the normal func¬
tioning of the microfilament component of the cel¬
lular cytoskeleton system, it is particularly efficient
in inhibiting cytokinesis, especially when exposure
to this agent occurs in vitro (Snow, '74; Balakier and
Tarkowski, '76; Hoppe and Illmensee, '77). More re¬

cently, this agent has been used for stabilising cell
membranes during micromanipulation studies
(McGrath and Solter, '84). By contrast, exposure to
colchicine and colcemid, which interfere with the
microtubular components of the cytoskeleton, tend
to interfere with chromosome segregation at the usual
levels given in in vivo studies or interfere with cy¬
tokinesis at higher and more toxic levels of exposure
(Edwards, '54, '58, '61; McGaughey and Chang, '69).

The principal advantage of this direct approach,
compared with the exposure of recently fertilised eggs
to similar agents in vitro, or the use of sophisticated
micromanipulatory techniques to produce triploidy
(see Niemierko and Opas, '78; Kaufman, '83; Dyban

and Baranov, '87) is that no operative intervention
is required. By contrast, in these two in vitro ap¬

proaches the "experimental" or "operated" embryos
have of necessity to be transferred to appropriate
recipients. The only disadvantage of the in vivo ap¬
proach described here would seem to be that the
genetic status ofall embryos that survive to the early
postimplantation period has to be confirmed cyto-
genetically, since litters inevitably contain a mix¬
ture of experimentally induced digynic triploid con-
ceptuses and normal fertilised diploid embryos in
which second polar body extrusion occurred despite
exposure to cytochalasin D. This is of course not an
insurmountable problem, as either intact concep-
tuses or the extraembryonic membranes of more ad¬
vanced conceptuses that progress beyond the early
somite stage of development may be analysed cyto-
genetically. In the latter case, the embryo may be
retained intact for morphological, biochemical, or
other forms of analysis. The fact that both normal
diploid embryos and digynic triploid conceptuses are
capable ofdeveloping and coexisting within the same
female leads to the singular advantage that it allows
the development potential of the latter group to be
readily compared with their normal diploid litter-
mates (see Kaufman and Speirs, '87).

The other advantage of this technique is that only
digynic triploids are produced. The presence of an
appropriate paterally derived "marker" chromosome
in the second series of experiments described here
provides convincing cytogenetic evidence that dian¬
dric triploid embryos resulting, for example, from
dispermy, are not induced by the exposure of recently
ovulated eggs to cytochalasin D. At least two possible
explanations exist for this finding. First, and most
likely in our opinion, the cytochalasin D, at the level
of exposure occurring in our experiments, interferes
with neither the cell surface events that occur at the
time of sperm—egg interaction nor the various blocks
to polyspermy that occur shortly after sperm-induced
activation of the egg (see Austin, '65; Kaufman, '83).
Second, any diandric triploids that may be produced
fail to survive to the early postimplantation period.
This latter possibility is unlikely in our opinion, as
diandric triploid mouse embryos in this and in other
strains of mice are generally capable of developing
to at least the early somite stage (Speirs and Kauf¬
man, unpublished).
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The sex-chromosome constitution and early postimplantation
development of diandric triploid mouse embryos
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Abstract. Diandric triploid mouse embryos were produced by
tndard micromanipulatory techniques, using eggs isolated from
-nale mice with a normal chromosome constitution that had
en mated to homozygous Rb(1.3)lBnr males (which carry a
-ge metacentric "marker" chromosome, viz., a Robertsonian
inslocation involving chromosomes 1 and 3). The tripronucleate
ibryos were transferred to the oviducts ofpseudopregnant mice,
lich were subsequently autopsied at about midday on the 10th
y of gestation. Although a relatively small number of the iso-
:ed conceptuses consisted of morphologically abnormal egg-
linder-like structures or empty gestational sacs, most were at
larly distinguishable embryonic stages, from the primitive streak
tge to embryos with about 20 pairs of somites present. These
ibryos all appeared to be morphologically normal but were sub-
intially smaller than normal (diploid) fertilized embryos an-
/zed at similar stages of development. A total of 63 diandric
ploid conceptuses were recovered and analyzed cytogenetically.
ley were G-banded to determine their sex-chromosome con-
tution and confirm their diandric triploid status. No obvious

difference was observed in the developmental potential of the
58,XXX class of diandric triploids, compared to that of the
58,XXY class. The ratio of 58,XXX to 58,XXY embryos was close
to the expected ratio of 1:2, assuming that unfertilized eggs have an

equal chance of becoming fertilized by an X- or a Y-bearing
spermatozoon and that the additional (i.e., "donor") male pro¬
nucleus also has an equal chance of having either an X or a Y sex
chromosome present. However, the development of the 58,XYY
class appeared to be restricted, even at the stage of gestation
analyzed, in that no embryos with this genetic constitution were
observed that had progressed beyond the early somite stage. The
present findings are discussed in relation to the cytogenetic find¬
ings in human triploid conceptuses, the majority of which are
spontaneously aborted during the first half of pregnancy. In man,
the 69,XYY class (equivalent to the 58,XYY class in our study) is
only rarely encountered, and it has been assumed that these
triploid embryos are probably lost at a very early stage of gesta¬
tion.

When a normal haploid human egg is fertilized by two sper-
itozoa, three possible classes of diandric triploid embryos may
suit, namely, those with a (1) 69,XXX, (2) 69,XXY, or (3)
,XYY sex-chromosome constitution. Of the various extensive
togenetic studies that have been carried out to establish the in-
ience of these various classes of triploids, relatively few triploids
th a 69,XYY sex-chromosome constitution, which can only be
diandric origin, have been observed. Thus, if the findings of
ebuhr (1974), Hassold et al. (1980), and Uchida and Freeman
185), are combined, comprising a total of 401 human triploids,
4 were 69,XXX, 244 were 69,XXY and only 13 were 69,XYY
a ratio of 11:19:1.

Although it is likely that in Niebuhr's (1974) early study a mix-
re of diandric and digynic conceptuses were analyzed, just be-
use the majority of human triploids in any study are likely to
ve been diandric does not substantially alter the fact that far
ver 69,XYY triploids have been observed than the two other
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classes. If it is assumed that both X- and Y-bearing spermatozoa
have an equal chance of fertilizing an egg, then following disper-
mic fertilization, the ratio of 69,XXX:69,XXY:69,XYY concep¬
tuses should theoretically be 1:2:1. It is clear from these and other
cytogenetic studies of human triploid conceptuses that the ob¬
served ratio is significantly different from the expected ratio. Sim¬
ilarly, if 85% of triploids are of diandric origin and only 15% of
digynic origin (Jacobs et al., 1982; Surti, 1987), then the expected
ratio of 69,XXX:69,XXY:69,XYY should, in fact, be closer to
1.11:2.12:1, as the digynic triploids would be expected to have an

equal chance of having either a 69,XXX or a 69,XXY sex-chro¬
mosome constitution.

The view has been put forward that 69,XYY triploids have a
poorer developmental potential than the other two classes, be¬
cause in vitro culture of these triploids has shown very poor cell
proliferation (Boue and Boue, 1970). Consequently, it has been
suggested that 69.XYY triploid embryos are lost either before the
pregnancy is recognized clinically or that they are spontaneously
aborted at an early stage in gestation and, therefore, are less likely
to be recovered. Futhermore, Boue and Boue (1970) indicated that
they could not recover any 69,XYY embryos beyond the third to
fourth week ofgestation. Hassold et al. (1980) noted that the gesta¬
tional ages of their triploid samples varied with respect to the pa-
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tal origin of the extra haploid set; their diandric triploids had a
an gestational age of 124 days, while the mean gestational age
:heir digynic conceptuses was significantly less. No additional
a are available, however, on the gestational age of the diandric
>loid embryos by sex-chromosome constitution.
In the absence of access to first-cleavage or pre- and/or early
itimplantation human embryonic triploid material, there
med little likelihood that it would be possible for us to inves-
ite whether any relationship exists between the developmental
ential of the three classes of diandric triploids and their genetic
istitution. For this reason, we have studied the early embryonic
relopment of diandric triploid mouse embryos produced by nu-
ir micromanipulation (McGrath and Solter, 1983), which in-
ves the microsurgical insertion of a male pronucleus into a nor-
1 fertilized one-cell-stage egg. Using this approach, combined
h the use of an appropriate paternally derived "marker" chro-
some, and G-banding analysis, we were able to (1) confirm the
ndric status of the triploid embryos that we were able to analyze
ogenetically and (2) establish their sex-chromosome con-
ution. It was also possible to relate the developmental stages
ieved by these embryos at the time of their isolation to their
-chromosome constitution. This information has allowed us to

estigate, for the first time, whether the genetic constitution of a
ndric triploid mammalian conceptus influences its early em-

ogenesis and, in addition, to speculate whether our findings in
ition to early embryogenesis in the mouse shed light on the
lation prevailing during the early postimplantation period in
human.

Materials and methods

Eight- to tweive-week old (C57BL x CBA) F, hybrid female mice were in-
:d with 5 IU of pregnant mare's serum gonadotrophin (PMSG), followed
later by 5 IU of human chorionic gonadotrophin (HCG). The females were

caged with either homozygous Rb(1.3)lBnr males (MRC, Harwell) (series
r F, hybrid males (series 2). Each haploid chromosome set from the
1.3)1 Bnr males carries a large metacentric marker chromosome-a Robert -

an translocation involving chromosomes 1 and 3. The presence of two such
ker chromosomes in a triploid chromosome spread isolated from a concep-
herefore provides an unequivocal means of confirming its diandric origin.
Early pronucleate one-cell-stage fertilized embryos were isolated at about
m on the day of finding a vaginal plug. Male pronuclei were isolated mi-
urgically from donor embryos with a small volume of cytoplasm. The
luclei were transferred in the presence of inactivated Sendai virus into the
vitelline space of recipient one-cell-stage fertilized embryos (McGrath and
:r, 1983), a single male pronucleus being inserted into the perivitelline space
ich recipient one-cell-stage embryo. Usually, the male pronucleus could be
y distinguished from the female pronucleus, since in early fertilized embryos
atter is invariably located in the subcortical zone subjacent to the second
r body. Those embryos in which the two pronuclei could not be readily
nguished were discarded. Cytoplasmic fusion generally occurred within
it 1 h, and the tripronucleate diandric embryos were then transferred uni-
ally to the oviducts of recipients on the first day of pseudopregnancy (sub-
ently termed the first day of gestation). In the control series, normal fer-
d embryos were transferred unilaterally to the oviducts of an additional
p of pseudopregnant recipients (Series 2). The recipients were anesthetized
tribromoethanol (Avertin, Winthrop; 0.02 ml/g body weight of a freshly
ared solution of Avertin dissolved in 0.9% saline).
Vll the recipients were autopsied at about midday on the 10th day of gesta-
and the numbers of implantation sites present, resorptions, and embryos
/ered were recorded. Cytogenetic analyses of the extraembryonic tissues
: sac, often with some amniotic tissue) isolated from around the advanced
urned" or developmentally more advanced embryos, or of the intact con¬

ceptuses (in all other cases) were made using a modification of the technique
described by Evans et al. (1972). The 16 developmentally most advanced em¬

bryos were serially sectioned for histological analysis. Karyotypes of the G-
banded chromosome preparations were subsequently prepared according to the
conventions put forth by the Committee on Standardized Genetic Nomencla¬
ture for Mice (1972) and Nesbitt and Francke (1973). The morphological
normality or abnormality of each conceptus was noted, and a brief description
was made of its developmental stage. Under normal circumstances, fertilized
embryos isolated at about midday on the 10th day of gestation might be expect¬
ed to have achieved the forelimb-bud stage and possess between 25 and 30 pairs
of somites.

Results

F, (female) x Rb(1.3)1 Bnr (male) diandric triploid embryos
(series 1)
The results of this series of oviduct transfers are presented in

Table I. The implantation rate in this series was 68.8%, and 95.5%
of the conceptuses isolated had a triploid chromosome con¬
stitution. Analysis of the triploid metaphase spreads from these
conceptuses revealed that, with only one exception, all had a total
of 58 chromosomes, two ofwhich were the paternally derived large
metacentric marker chromosomes (see Fig. 1), thus unequivocally
confirming their diandric origin. The single exception was a trip¬
loid embryo with 59 chromosomes, one of which was the pater¬
nally derived marker chromosome, and was clearly digynic in
origin.

Two of the embryos isolated had a diploid chromosome con¬
stitution, which almost certainly resulted from failure of the insert¬
ed donor pronucleus to fuse with the cytoplasm of the recipient
egg-

F, x F, normal (diploid) fertilized embryos (series 2)
The results of this series of oviduct transfers are likewise sum¬

marized in Table I. The implantation rate in this series was 94.4%.
Fourteen morphologically norma! embryos at the forelimb-bud
stage and each having more than 25 pairs of somites were re¬
covered out of the original 17 pronuclear stage "control" embryos
that were transferred unilaterally to the oviducts of the pseudo-
pregnant recipients. Cytogenetic analysis of their extraembryonic
membranes confirmed their diploid chromosome constitution.

Developmental stage achieved by diandric triploid embryos on
the 10th day ofgestation
The morphologically abnormal and/or developmentally re¬

tarded embryos that were recovered were assigned to group 1,
while those embryos that appeared on gross inspection to be
morphologically normal were assigned to group 2, 3, or 4, depend¬
ing on the stage of development they had achieved at the time of
their isolation (Table II).

The six grossly abnormal/developmentally retarded triploid
conceptuses assigned to group 1 invariably had a particularly
small volume, being either disorganized egg-cylinder-like struc¬
tures or empty gestational sacs, similar in many respects to the
"triploidy syndrome" first described in detail by Wroblewska
(1971).

The 16 morphologically normal embryos that spanned stages
between the advanced egg cylinder and the primitive streak stage
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Table I. Postimplantation development of diandric triploid conceptuses and diploid controls isolated on the 10th day of gestation, following the transfe
tripronucleate eggs and normal fertilized eggs to the oviducts of pseudopregnant recipients

Series No. recipients No. embryos No. implantations No. resorptions No. conceptuses Diandric triploidy
transferred (% transferred) (% implanted) isolated confirmed genetically

(1) F, hybrid females x Rb( 1.3)
1 Bnr "marker" males
Diandric triploid conceptusesa 23 160 110 (68.8)b 43 (39.1) 67 64c

(2) F, hybrid females x F,
hybrid males (diploid
fertilized controls) 3 18 17(94.4) 3(17.6) 14

a Includes data from the transfer of 39 conceptuses to seven recipients, previously reported by Kaufman et al. (1989).
bTwo mice contained one extra implantation site beyond the total number of embryos transferred to that uterine horn. These implantation sites are likely to have been induced by
parthenogenetic activation of the recipient's own eggs following the "activation" stimulus provided by the general anesthetic (Kaufman, 1983).
c One additional triploid embryo had 59 chromosomes in each metaphase plate, with only one paternally derived "marker" chromosome present, and was therefore digynic in origin.

Table II. Relationship between genetic constitution of diandric triploid em¬
bryos and their developmental stage at the time of isolation, about midday on
the 10th day of gestation

Group3

Sex-chromosome constitution

58,XXX 58,XXY 58,XYY

1 2 3 1
2 3 8 5
3 5 15 5
4 7 9 -

Total 17 35 11

a 1 = Disorganized egg-cylinder-like structures or empty gestational sacs; 2 = advanced
egg-cylinder/primitive streak stage embryos; 3 = early headfold presomite embryos/em¬
bryos with 6-8 pairs of somites present; 4 = advanced "unturned," "turning," or fully
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were assigned to group 2, the 25 developmentally slightly more
advanced embryos that spanned stages between the early head-
fold/presomite stage and embryos with about six to eight pairs of
somites present were assigned to group 3, and the developmentally
most advanced embryos, assigned to group 4, included 11 ad¬
vanced "unturned" or partially "turned" embryos with about 10
to 15 pairs of somites present, as well as five fully "turned" em¬
bryos with about 20 pairs of somites present. Despite their appar¬
ent normal morphology, all of these embryos appeared, on gross
inspection, to be substantially smaller than normal diploid fer¬
tilized embryos that have reached similar stages of development.
Histological examination of the 16 developmentally most ad¬
vanced diandric triploid embryos revealed that they were all mor¬
phologically normal.

G-banded diandric triploid embryos isolated on the 10th day of
gestation
A total of 63 diandric triploid embryos were G-banded to an¬

alyze their sex-chromosome constitution. Seventeen of these em¬

bryos were 58,XXX, 35 were 58.XXY, and 11 were 58,XYY. In
each metaphase preparation, two large metacentric, paternally de¬
rived "marker" chromosomes were present. A representative
58,XYY karyotype and metaphase spread are shown in Fig. 1.
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Fig. t. Representative karyotype and metaphase spread from the extra
bryonic membranes of a 58.XYY triploid mouse embryo isolated on
10th day of gestation. The embryo was produced by microsurgical insertion
male pronucleus into a normal fertilized egg. The female employed had a noi
chromosome constitution, whereas the haploid karyotype of the homozyj
Rb( 1.3) 1 Bnr male donor included a large metacentric Robertsonian transl
tion chromosome, which served as a marker. Thus, 58 chromosomes are pre;

including two paternally derived marker chromosomes. The presence of t
markers provides unequivocal evidence of the diandric origin of this trip
embryo.
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Relationship between sex-chromosome constitution and develop¬
mental stage achieved
The 63 diandric triploid embryos for which G-banded chromo-

me preparations were made, and, therefore, whose sex-chro-
Dsome constitution could be determined, are described in Table
Each embryo was assigned to one or other of the four develop-
mtal groups indicated above.
As may be observed from the findings presented in Table II,

ly six of the 63 embryos in this series consisted of morphologi-
ly abnormal disorganized egg-cylinder-like structures or empty
national sacs (group 1), 16 were at the advanced egg cylinder/
mitive streak stage (group 2), and 25 were at the early headfold/
"ly somite stage of development (group 3). The remaining 16
bryos fell into the developmentally most advanced group
oup 4).

Discussion

Our findings would seem to indicate that in the very early post-
plantation period there is no obvious difference in the develop-
mtal potential of diandric triploid mouse embryos that possess
her a 58,XXX or a 58,XXY sex-chromosome constitution. The
velopment of the 58,XYY class, on the other hand, appeared to
restricted, even at the stage of gestation analyzed, in that no

ibryos with this genetic constitution were observed that had pro-
issed beyond the early somite stage. If these embryos are as-
sed according to their parental origin, then four classes are

:oretically present, namely, those with (1) 58,XMXPIXP2, (2)
xMxplYp2, (3) 58,XmXp2Yp1 and (4) 58,XMYPI Yp2. For technical
isons, we were unable to distinguish between groups 2 and 3 in
s preliminary study, and, therefore, both classes have been
)uped together in our analysis. To pursue this aspect further, it
iy be necessary in future studies for us to employ male mice as
irces of "donor" nuclei from strains bearing different X-linked
zyme variants. This approach would provide a biochemical
ans of distinguishing between these two classes of conceptuses
ring the early postimplantation period.
The overall implantation rate in the triploid series of oviduct
nsfers reported here was approximately 69%. Fifty-eight per¬

cent of the implantation sites contained triploid embryos. Of the
63 embryos that were G-banded, 17 were 58,XXX, 35 were

58.XXY, and 11 were 58,XYY. The ratio of 58,XXX to 58,XXY
triploids was very close to the expected ratio of 1:2.

Even in our limited study ofmouse embryos isolated at midday
on the 10th day of gestation, we believe that we have demonstrated
that embryos with a 58,XYY genotype have a poorer develop¬
mental potential than those with either a 58,XXX or a 58,XXY
genotype. Indeed, in our study, the 58,XYY group was the only
one in which no embryos were recovered that had progressed be¬
yond the early headfold/early somite stage of development.

In the only study that we have located in which an attempt was
made to establish the sex-chromosome constitution of spon¬

taneously occurring triploid mouse embryos (Baranov, 1976), a
similar number of XXX and XXY, but no XYY, triploid embryos
were found. In this study, a trypsin-Giemsa staining technique was
used, which allowed the Y chromosome to be readily identified.

In our study, only the developmentally most advanced diandric
triploid conceptuses were analyzed histologically, and all of them
appeared to be morphologically normal. Although the earlier de¬
velopmental stages appeared on gross inspection to be morpho¬
logically normal, we feel that insufficient information is available
to us at present to allow us to state unequivocally that all diandric
triploid mouse embryos, whatever their genotype, are morpholog¬
ically normal. Further studies will clearly have to be undertaken
before this point can be established with any degree of certainty.

If it is valid to extrapolate from our findings in the mouse to the
situation in man, then it appears likely that there may be no initial
detrimental effect of an XYY diandric triploid genotype on early
human embryogenesis. Consequently, embryos with a 69,XXX,
69,XXY, or 69,XYY sex-chromosome constitution would all have
an equal chance of progressing beyond the early postimplantation
period. Clearly, since the 69,XYY class is so rarely encountered in
human spontaneous abortions, and is, in any case, usually repre¬
sented by empty gestational sacs with no embryonic remnants
(Kulazenko et al., 1975), the available evidence from various clini¬
cal cytogenetic studies and the indirect evidence from the present
study suggest that the most likely explanation for the low incidence
of 69,XYY triploids is that they have a poorer developmental
potential than the other classes of diandric triploids.
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Post-implantation development and cytogenetic analysis of diandric
heterozygous diploid mouse embryos
M.H. Kaufman, K.K.H. Lee, and S. Speirs
Department of Anatomy, University Medical School, Edinburgh (UK)

Abstract. Diandric heterozygous diploid mouse embryos were
oduced by standard micromanipulatory techniques using eggs
Dm female mice with a normal chromosome constitution and
"tilised by homozygous Rb( 1.3) 1 Bnr males containing a pair of
■ge metacentric marker chromosomes in their karyotype. The
nstructed diandric eggs were transferred to the oviducts of
eudopregnant recipients and subsequently autopsied midday on
s eighth day of gestation. From a total of 85 eggs transferred to
nales that subsequently became pregnant, 30 implanted. Eigh-
:n implantation sites were found to contain resorptions, and 12
g cylinder stage embryos were recovered. These were cytogenet-
illy examined. In two cases, no mitoses were observed, and in a
ird embryo of normal size, only a single paternally-derived
irker chromosome was present in its mitoses, indicating that this
ibryo had a normal chromosome constitution. This presumably
suited from a technical error during the micromanipulatory pro¬
cure. The remaining nine morphologically small but normal em¬

bryos were diploid, and each had two paternally-derived marker
chromosomes, thus establishing their ploidy and confirming their
diandric origin. G-banding analysis revealed that all of these em¬

bryos had an XY sex chromosome constitution. Since the expected
XX : XY : YY ratio of 1 : 2 : 1 was not observed, it is clear that the
XX class embryos were lost at some stage during the pre- or early
post-implantation period, though whether they are represented by
the resorption sites is not yet established. The YY class would not
be expected to be recovered in any case, as these embryos are be¬
lieved to be lost during early cleavage. The cytogenetic findings
reported here are therefore similar to the results of the chromoso¬
mal analyses of the human complete hydatidiform moles ofdisper-
mic origin, all of which apparently have an XY karyotype. It is
unclear why, both in the human and in the mouse, the XX diandric
heterozygous diploid group should develop poorly compared to
similar embryos with an XY karyotype.

Through the analysis of over 400 cases, it has been recognised
r some time that human complete hydatidiform moles are
netically unusual. They almost invariably possess a diploid set of
romosomes which are totally paternal in origin (Kajii and Oha-
i," 1977). In 92-96% of cases, they have a 46,XX karyotype,
;ulting from the duplication of the haploid sperm-derived male
tiome, and are consequently homozygous diploid an-
Dgenones. The remainder have a 46,XY karyotype, resulting
>m the fertilisation of an egg by two spermatozoa, although the
nale genome is not involved in the subsequent development of
; conceptus (for recent reviews, see Surti, 1987; Kaufman, 1988).
iconfirmed reports have indicated that the 46,XY, dispermic
datidiforn: moles have a greater tendency for persistent tropho-
istic disease (Davis et ah, 1984; Wake et ah, 1984).
It is impossible to obtain human embryonic material at suffi-
ntly early gestational stages to allow analyses of the interactions
it take place during the pre-and early post-implantation period.
;tead, we have employed an experimental model in which dian-
c diploid mouse embryos are produced by the technique of nu-
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clear micromanipulation. Using this approach, we have already
investigated some of the genetic factors that influence the early
postimplantation development of diandric triploid embryos
(Kaufman et ah, 1989; a, b). Their development potential has, for
example, been compared with that of digynic triploid mouse em¬
bryos produced by both nuclear micromanipulation and following
the fertilisation of primary (diploid) oocytes in LT/Sv strain mice
(Kaufman and Speirs, 1987; O'Neill and Kaufman, 1987). Studies
are also in progress to analyse their extraembryonic tissues, to
investigate the local cellular events that occur at the site of implan¬
tation. These triploid studies are clinically relevant in that ap¬

proximately 85% of triploid conceptuses are partially molar, and
are diandric (dispermic) in origin, while only about 15% are non-
molar, and result from digynic triploidy (Surti, 1987). Exceptional
triploid complete moles have been described in which the genome
is completely paternal in origin (Vejerslev, 1988) and tetraploid
partial moles which are triandric in origin (Surti et al„ 1986).
Tetraploidy with two paternal and two maternal sets of chro¬
mosomes, however, is not associated with molar degeneration of
the placenta (Kajii and Niikawa, 1977).

We can find only three previous studies which use a similar
experimental approach and have investigated the early post-
implantation development of diandric diploid mouse embryos
(Surani and Barton, 1983; Barton et ah, 1984; McGrath and Sol-
ter, 1984). Only Barton et al. (1984) were able to obtain post-
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implantation embryonic development to the early somite stage
when recipients were autopsied on the tenth day of gestation.
From a total of 122 constructed embryos transferred to females
that subsequently became pregnant, a total of 28 implanted, and
eight embryos were recovered. These eight embryos were analysed
biochemically, and their androgenetic status confirmed by GPI
analysis. In the other two studies the diandric diploid embryos
failed to develop beyond implantation.

In subsequent attempts to obtain the differentiation of
androgenetically-derived cells, chimeras have been produced be¬
tween fertilised embryos and androgenones, but the androgenetic
cells were only detected in the yolk sac and trophoblast tissues, not
in the embryo itself (Surani et al.. 1987; 1988).

These findings clearly support the hypothesis that the male and
female genomes have different, but complementary, roles during
embryogenesis. The maternal genome is believed to have a
preferential role in directing embryogenesis, while the paternal
genome has an important role in controlling the proliferation of
the extraembryonic tissues, such as the yolk sac and the tropho¬
blast (Barton et ah, 1984; McGrath and Solter, 1984; for reviews,
see Surani, 1985; 1986).

While the biochemical analysis of the experimentally produced
diandric diploids has confirmed their androgenetic origin, no di¬
rect information is available on their chromosome constitution or

ploidy. The present study was therefore undertaken to investigate
this aspect of the early postimplantation development of these
embryos. In order to facilitate our study, male mice bearing an

easily recognisable marker chromosome, a Robertsonian trans¬
location involving chromosomes 1 and 3, were mated to females
with a morphologically normal set of chromosomes. The meta-
phase preparations from the diandric diploids should then have
contained two paternally-derived marker chromosomes. Further¬
more, since all the chromosome preparations were G-banded, we
were also able to establish the sex chromosome constitution of all
the diandric diploids that progressed beyond implantation.

Materials and methods

Eight- to twelve week-old (C57BL x CBA)F1 hybrid female mice were in¬
jected with 5 IU of pregnant mare's serum gonadotrophin (PMSG) followed
48 h later by 5 IU of human chorionic gonadotrophin (HCG). The females were
then caged with homozygous Rb( 1.3) 1 Bnr males (provided by Dr. Mary Lyon,
Medical Research Council, Harwell). The presence of a vaginal plug the follow¬
ing morning was taken as evidence of mating.

Early pronucleate 1 -cell stage fertilised embryos were isolated at about 10
a.m. on the day of finding a vaginal plug. The female pronucleus and the second
polar body were isolated microsurgically from each of the recipient eggs, and a
single male pronucleus with a small volume ofcytoplasm, which had previously
been microsurgically isolated from a donor embryo, was then transferred in the
presence of inactivated Sendai virus into the perivitelline space of the recipient
1 -cell stage fertilised embryo (McGrath and Solter, 1983). The male pronucleus
is easily distinguished from the female pronucleus since, in early fertilised em¬
bryos, the latter is invariably located in the subcortical zone subjacent to the
second polar body. Those embryos in which the two pronuclei could not be
readily distinguished were discarded. Cytoplasmic fusion generally occurred
within about 1 h, and the microsurgically constructed heterozygous diandric
embryos were then transferred to the oviducts of recipients on the first day of
pseudopregnancy (subsequently termed the first day of gestation). The recip¬
ients were anaesthetised with tribromoethanol (Avertin: Winthrop; dose
0.02 ml/g body weight of a freshly prepared 1.2% solution of Avertin dissolved
in 0.9% saline).

All of the recipients were autopsied at about midday on the eighth day
gestation, and the implantation sites present, resorptions, and embryos i
covered were noted. Cytogenetic analyses of the intact egg cylinder stage e:

bryos were done using a modification of the technique described by Evans et
(1972). Karyotypes of the G-banded chromosome preparations were sub:
quently prepared according to the Committee on Standardized Genetic Nome
clature for Mice (1972), and Nesbitt and Francke (1973).

Each haploid chromosome set from the Rb(1.3)lBnr males carries a lai
metacentric marker chromosome, a Robertsonian translocation involving chi
mosomes 1 and 3. The presence of two marker chromosomes in a diploid chi
mosome spread isolated from a microsurgically constructed conceptus provid
the means of confirming its diandric origin.

Results

A total of 173 diandric diploid embryos constructed by nucle
micromanipulation were transferred to the oviducts of 25 reci
ients on the first day of pseudopregnancy. When the females we

autopsied on the eighth day ofpregnancy, only 13 were found to
pregnant, with a total of 30 implantation sites. The implantatii
rate was 35.3%. When the implantation sites were isolated ai
examined in detail, 18 were found to contain resorptions, and
egg cylinder stage embryos were recovered. These all appeared i

gross inspection to be morphologically normal, with one exce
tion, which was normal in size, but substantially smaller than nc
mal embryos at a similar stage of development.

All of the embryos were analysed cytogenetically. In two i
stances no mitoses were observed and neither their diandric orig
nor their ploidy could be determined. An analyses of metapha
plates from a third embryo, which was normal in size, revealed t
presence of only a single paternally-derived marker chromoson
This embryo must therefore have had a normal chromosome cc
stitution, presumably resulting from an error in recognition
either the male or female pronucleus during the micromanipuli
ory procedure. The remaining nine egg cylinders were all diplo
Analysis of their metaphase spreads revealed that each had t\
paternally-derived marker chromosomes present, thus establis
ing their ploidy and confirming their diandric origin. Furths
more, G-banding analysis revealed that all of these embryos hac
40,XY sex chromosome constitution. A representative G-band
preparation and associated karyotype are presented in Figs
and 2.

Discussion

Despite the absence of a female genome, about 35% of t
diandric diploid embryos, transferred to females that subsequei
ly became pregnant, actually implanted. All recovered embry
appeared to be morphologically normal, though substantia
smaller than normal embryos at a similar stage of developme
The implantation rate and embryonic development was substt
tially similar to those reported in the only other published study
successful postimplantation development of diandric diploid e
bryos (Barton et al., 1984). The fundamental difference betwe
the present study and that of Barton et al. (1984) is the use
cytogenetic rather than biochemical means to confirm the £
drogenetic status of the embryos recovered and analyse the pi
ducts of nuclear micromanipulation. More importantly, the i
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Fig. I. Representative metaphasc spread from an egg
ylinder stage diandric heterozygous diploid mouse em-
ryo, produced by the microsurgical insertion of a male
rnniirleus into u recipient fcitilised egg from which the
unale pronucleus had previously been removed. The
imale mice used had a normal chromosome constitution,
'hereas the haploid karyotype of the male homozygous
ib(1.3)lBnr mice used included a large metacentric
larker chromosome. Thus, in the diandric diploids, each
letaphase spread contains 3iS chromosomes, including
vo paternally-derived marker chromosomes. The pies-
nce of the latter provides unequivocal proofof their dian-
ric oiigin.
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Fig. 2. Karyotype produced from the metaphase
tread illustrated in Fig. 1, which demonstrates that this
?g cylinder had a 40.XY chromosome constitution.
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jgenetic approach allowed the ploidy of the latter to be deter-
tined and established their sex chromosome constitution. The

vailability of a paternally-derived marker chromosome enabled
s to confirm that all but one of the egg cylinders obtained were
oth diploid and diandric in origin. G-banding analysis of the
litotic preparations established that all of the diandric diploid
mbryos had an XY sex chromosome constitution.

The fact that all of the diandric diploid embryos had an XY
constitution is interesting since the expected XX : XY : YY ratio
of this groups is 1 : 2 : 1 if spermatozoa have an equal chance of
being X- or Y-bearing. This finding would seem to provide strong
evidence that the XY group has a greater chance of surviving than
the XX embryos, to at least the egg cylinder stage. The YY class
would not be expected to be recovered during postimplantation, as
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these embryos are believed to be lost during early cleavage (Mod-
linski, 1975; Surani and Barton. 1983). While the present study
provides no direct information on the stage at which the XX group
embryos are lost, these may be represented by a substantial pro¬
portion of the resorptions observed. There is not enough informa¬
tion presently to indicate whether the XX embryos were lost prin¬
cipally during the preimplantation or early postimplantation
period.

The possibility exists that the X-inactivation status in the XX
class, but presumably not in the XY class, may be abnormal, and
might consequently account for the early postimplantation loss of
the former group.

While it is of interest to note that apparently all of the human
complete hydatidiform moles that are dispermic diploids have an
XY sex chromosome constitution, we do not believe that we can

confidently extrapolate from our mouse studies that all dispermic
hydatidiform moles with an XX sex chromosome constitution are
lost prior to their clinical recognition. It is possible that, in a few
instances, some of the so-called homozygous diandric diploid con-
ceptuses may in fact have resulted from dispermy.

Information from the cytogenetic analysis of large numbers of
complete hydatidiform moles strongly suggests that these result
principally from monospermic fertilisation, followed shortly af¬
terwards by diploidisation of the male genome, possibly by inhibi¬
tion of the first cleavage division. If this is indeed the pathway
involved, then it is an extremely unusual and interesting one, since
no direct evidence exists to confirm that this is a developmental
pathway along which mammalian embryos ever progress (Beatty,

1957), though it is believed that the haploid parthenogenetic sill
worm egg may diploidise by this mechanism (Tanaka, 1953). It i
also possible that tetraploid individuals may result from the sup
pression of the first cleavage division of the fertilised egg (fc
theoretical discussion, see Beatty, 1957), based on the apparer

duplication of cytogenetic markers (Kajii & Niikawa, 1977
Tetraploid mouse fetuses have been successfully produced exper

mentally following suppression of the second cleavage divisio
(Snow, 1973; 1975).

By contrast to the heterozygous diploid androgenones cor
structed in the present study, a number of reports are available i
which the preimplantation and early postimplantation develop
ment of homozygous diploid androgenones have been inve:
tigated. Thus, haploid androgenones may be produced by the m<
chanical removal of the female pronucleus shortly after fertilise
tion (Modlinski, 1975; 1980; Hoppe and Illmensee, 1977; Markei
and Petters, 1977; Surani and Barton, 1983), or by bisection c
1 -cell stage embryos (Tarkowski and Rossant. 1976; Tarkowsk
1977). Following diploidisation by incubation in medium contair
ing cytochalasin B or D, homozygous diploid androgenones ha\
been successfully produced and occasionally show apparently noi
mal preimplantation development. When transferred to apprc

priate recipients, a few of these embryos appeared to be capable c

evoking a decidual reaction, but none developed beyond implar
tation (Surani and Barton, 1983). Further studies are clearly >r<

quired in order to investigate this in more detail and establish wh
the heterozygous, but apparently not the homozygous, diploi
androgenones are capable of development beyond implantatioi
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Analysis of the sex-chromosome constitution of digynic triploid mouse embryos
S. Speirs and M.H. Kaufman
Department of Anatomy, Medical School, Edinburgh (UK)

Abstract. LT/Sv strain mice regularly ovulate up to 50% of
ir eggs as primary oocytes, which are fertilisable and give rise to
ynic triploid embryos. A similar number of eggs are ovulated as

ondary oocytes and, following fertilisation, give rise to normal
loid embryos. Pregnant LT/Sv females were autopsied at about
Iday on day 10 of gestation, when normal diploid embryos
uld be expected to possess between 25 and 30 pairs of somites,
lile a few of the triploid embryos either consisted of disor-
lised embryonic masses or were resorbing, most were at readily
ognisable embryonic stages. Just over half of the embryos re-
'ered were "unturned," while the remainder had "turned" and
isessed between 15 and 25 pairs of somites. The triploids were

lally readily recognised, owing to their small size and because
y often displayed neural tube and cardiac defects. All of the
bryos recovered were analysed cytogenetically by G-banding to

establish their ploidy and sex-chromosome constitution. The
XY:XX sex ratio of the 105 diploid embryos recovered, all of
which had "turned," was 1.06:1, while the overall XXY: XXX sex
ratio of the 120 triploids was 1:1. Analysis of only the develop-
mentally most advanced triploid embryos (i.e., the 49 that had
"turned") revealed that the XXY: XXX sex ratio in this group was
1.13:1, which was not significantly different from the expected
ratio of 1:1. The crown-rump lengths of the XY and XX "turned"
embryos were almost identical, as were those of the XXY and
XXX "turned" embryos, although the triploids were significantly
smaller than the diploids. No obvious effect of sex-chromosome
constitution on developmental potential was therefore observed in
this study in relation to either the digynic triploid or the control
diploid embryos.

Spontaneous triploidy occurs at low levels in most species of
mmals and, in most instances, is lethal (Beatty, 1957; Carr,
'2; Dyban and Baranov, 1987). Triploidy in mammals may be
ynic in origin, when the extra set of chromosomes is maternal,
diandric, when the extra set of chromosomes is paternal in or-
i. The relative importance ofdigynic and diandric triploidy var-
depending on the species being studied. In man, it was thought
160% of triploids were digynic and 40% were diandric in origin
ebuhr, 1974; Beatty, 1978), but a more recent review by Surti
87) suggests that probably nearer to 85% of human triploids
diandric and only 15% are digynic in origin. In the mouse, a
erent situation is found, since digynic triploidy is more com-
nly encountered (Vickers, 1967, 1969a, b; Wroblewska, 1971;
ufman, 1973; Baranov, 1976).
It has been estimated that triploidy occurs in about 1% of all
nan conceptuses (Carr, 1971a, b; Boue et al., 1975). In other
mmalian species, this spontaneous baseline frequency varies
siderably; in mice, it appears to depend, to a considerable de-
:, upon the genetic background of the particular strain exam-
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ined. The frequency of triploidy encountered during the pre-
implantation period in mice varies between 0.3% and 4.1%, ac¬

cording to various authors (for further details, see review by Dyb¬
an and Baranov, 1987). In the mouse, most triploids die between
days 8 and 12 of gestation, although the underlying cause has yet
to be established. Edwards et al. (1967) hypothesised that the
severity of pathological changes observed in man might have been
correlated with the sex-chromosome constitution of the triploids,
which, in the case of digynic triploids, could be either XXX or
XXY, or, in the case of diandric triploids, XXX, XXY, or XYY.
Weaver et al. (1975) further proposed that triploids might differ in
the degree of severity of their abnormalities according to whether
they had one or two inactive X chromosomes. To date, however,
no evidence is available that relates the phenotype of these
embryos with their genotype.

In this paper, we have taken the opportunity to look at the
sex-chromosome constitution of digynic triploid mouse embryos
in relation to their developmental status achieved by day 10 of
gestation. The sex ratio of diploid control embryos, isolated from
the same litters in which triploid embryos were recovered, have
also been established. We have used the LT/Sv strain of mice to
undertake this research, since young females from this strain reg¬
ularly and spontaneously ovulate up to 50% of their eggs as pri¬
mary oocytes (Speirs and Kaufman, 1989). The latter are capable
of being fertilised and give rise to digynic triploid embryos, which
develop to at least the forelimb-bud stage (Kaufman and Speirs,
1987; O'Neill and Kaufman, 1987).
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Materials and methods

Randomly cycling female LT/Sv strain mice, 6 wk old, were caged with
(C57BL x CBA) F, hybrid males. Early each morning, the females were checked
for the presence of a vaginal plug, which was taken as evidence of mating. The
morning of finding a vaginal plug was considered to be the first day of preg¬
nancy.

The females were autopsied at about midday on day 10 of gestation.
The decidual swellings were isolated from the uterine horns and trans¬
ferred into phosphate-buffered saline (PBS). The embryos were then
dissected free from within their extra-embryonic membranes. The extra¬
embryonic membranes from each embryo, or the intact embryo if it was

developmentally particularly retarded, were transferred into tissue culture
medium containing Colcemid (1 ml of 0.1% of Colcemid in 100 ml of TC
199) and incubated in an atmosphere of 5% CO, in air for 3 h. The total
number of embryos that were (1) clearly morphologically normal, (2)
morphologically abnormal, or (3) considered to be morphologically normal
but retarded in their development were recorded at this time. The
crown-rump (C-R) length of all of the "turned" embryos was measured;
in the case of the embryos that were morphologically abnormal, careful note
was made of the abnormalities present and the developmental stage
achieved.

Chromosome preparations from all the conceptuses were made using a
modification of the technique described by Evans et al. (1972). The chromosome
preparations were G-banded. and karyograms were subsequently prepared ac¬
cording to the guidelines of the Committee on Standardized Genetic Nomencla¬
ture for Mice (1972) and Nesbitt and Francke (1973).

bryos, which may have had up to 14 pairs of somites present;
(3) "turned" embryos with about 15 to 25 pairs of somites pres

Of the 120 triploid embryos recovered, 60 had an XXY an<
an XXX sex-chromosome constitution, giving an XXY :XXX
ratio of 1:1. It was noted that there was little difference in
distribution of the 60,XXX and 60,XXY embryos among the
ious groups indicated above. Most of the embryos of these
classes were associated with morphological groups 2 and 3
Table I).

All of the "turned" triploid embryos examined had an abi
mally shaped cephalic region. This was almost invariably assot
ed with an open neural-tube defect in this location and the
ditional presence of an abnormally enlarged heart (Fig. 1).
obvious relationship was apparent between the incidence of n

phological abnormalities present and the sex-chromosome i
stitution of these embryos.

The C-R length of all of the "turned" embyros (n = 49)
measured. The 23 XXX embryos had a mean C-R lengtl
1.58 mm, whereas the 26 XXY embryos had a mean C-R lengt
1.56 mm. These values were not significantly different.
XXY: XXX sex ratio in this group was 1.13:1, although this v
is not significantly different from unity (x2 = 0.082, 0.75 •
< 0.80) (see Table II).

Results

Digynic triploid series
I to A total ofTf triploid LT/Sv embryos were examined cytogenet-
*

ically on day 10 of gestation, and their sex-chromosome constitu¬
tion was established. They were divided into three principal de¬
velopmentally and morphologically distinct groups: (1) resorbing
or disorganised masses of embryonic tissue; (2) "unturned" em-

Control diploid series
A total of 105 diploid embryos were also examined cytogei

cally to establish their sex-chromosome constitution. All of
latter group were morphologically normal and had "turned" a
time of their isolation on day 10 of gestation (Fig. 1). Fifty-
embryos had an XY sex-chromosome constitution and a n
C-R length of 2.22 mm, whereas 51 embryos had an XX sex-c
mosome constitution and a mean C-R length of 2.18 mm. T
was no significant difference between these groups. The XY:

Table I. Relationship between developmental stage achieved and sex-c
mosome constitution of digynic triploid embryos

TVvelnptnenlal
stage of embryo'1

1

2
t

Total

Nuinhei ufuiibiVOT
with XXX rev-

chromosome
constitution

Number of embryos
wirh XXY sex-

chromosome
constitution

'' Stage 1 = resorbing or disorganised masses ofembryonic tissue; 2 = "unturned" emt
with up to 14 pairs of somites; 3 = "turned" embryos with 15-25 pairs of somites.

Fig. 1. Representative group of embryos isolated from an LT/Sv strain
female at about midday on day 10 of gestation. The embryo on the left (a) has a
diploid chromosome constitution and is at the forelimb bud stage with 25-30
pairs of somites present. The two early "turned" embryos on the right (b) have a
triploid chromosome constitution and possess about 20 pairs of somites. Note
the abnormal flattened appearance of the cephalic region of the triploid embryos
and that the hearts are substantially larger than in diploid embryos at a similar
developmental stage, a and b. same magnification.

Table II. Relationship between ploidy, sex-chromosome constitution,
crown-rump length of "turned" diploid and triploid embryos

Parameter Diploid (2n) embryos Triploid (3n) embryos

Sex-chromosome
constitution 40.XY 40,XX 60,XXY 60,XX
Total embryos analysed 54 51 26 23
Mean ± SE crown-rump
length (mm) 2.22 ±0.37 2.18 ±0.41 1.56 ± 0.15 1.58 ±
Sex ratio (XY:XX or
XXY: XXX) 1.06:1 1.13:1
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ratio in the diploid group was 1.06:1 and was not significantly
ferent from the expected XY :XX sex ratio of 1:1 (%2 = 0.082,
5 < P < 0.80). However, the mean C-R length of the diploid
bryos as a group was significantly greater than that of the trip-
1 embryos (XY:XXY, t = 2.063,0.0125 < P < 0.025, df = 78;
i:XXX, I = 1.782, 0.025 < P < 0.05, df = 72).
The developmental stage achieved by the normal diploid em-
os is, on the average, substantially more advanced than that
lieved by the "turned" triploid embryos (see Fig. 1). This, in
If, probably accounts for some, but by no means all, of the
erences observed in their C-R lengths.

Discussion

Our findings indicate that, at mid-gestation in the mouse, there
,o obvious difference in the developmental potential of the two
.sible groups of digynic triploid embryos, i.e., those with an
1Y or XXX sex-chromosome constitution. The overall
1Y :XXX sex ratio in the digynic triploids analysed in the pres-

study, namely, 1:1, is identical to the expected XY:XX sex
io of unity. This observation, based on an analysis of substan-
ly more advanced triploid mouse embryos than had been ex-
ined previously, is in general agreement with earlier findings in
ition to this group (Wroblewska, 1971; Baranov, 1976). In the
'elopmentally most advanced groups of triploids analysed in
present study, the XXY:XXX sex ratio was in fact 1.13:1,

tough this is not significantly different from the expected value
1:1. The XY:XX ratio in the control diploid group, which in-

ved the analysis of a similar number of embryos, was also not
tificantly different from the expected ratio of 1:1.
Interestingly, in a recent comparable analysis of 63 diandric
iloid mouse embryos produced by nuclear transplantation and

that had been isolated on day 10 of gestation following oviduct
transfer (Kaufman et al„ 1989), the overall XXX:XXY:XYY ra¬
tio was 17:35:11, which is similar to the theoretical value of 1:2:1.
However, on close inspection of the findings, it was apparent that
none of the XYY group had progressed beyond the early somite
stage of development. Of the 36 somite-stage XXX and XXY em¬
bryos analysed, the XXX: XXY ratio was in fact 1:2.

It is also of interest that there was no obvious difference in the
C-R length measurements made between the XXY and XXX trip¬
loid embryos nor between the XY and XX diploid embryos, al¬
though the triploids were significantly smaller than the diploids
isolated at the same gestational age. Attention is drawn in the Re¬
sults section to the fact that the diploids, as a group, were substan¬
tially more advanced in their developmental stage than were the
"turned" group of triploids and that this may have accounted, at
least in part, for their reduced C-R length. Clearly, to state un¬
equivocally that the triploids are significantly smaller than control
diploid embryos, similar developmental stages would have to be
compared. If there is, in fact, a real reduction in the C-R length of
the triploids compared to the diploids, then a possible explanation
might be related to the observation of Takagi and Sasaki (1976),
who reported that there was a delay in the cleavage rate compared
to diploid controls in triploid pre-implantation mouse embryos,
and the overall duration of the cell cycle over this period was in¬
creased by about 10%. These authors suggested that this explains
why the postimplantation triploids that they analysed were not
only invariably smaller, but also contained far fewer cells than
diploid embryos analysed at similar developmental stages. The
situation is clearly more complex than this, as other workers have
reported normal cleavage rates in cells maintained in tissue culture
isolated from human triploid abortuses (Kuliev et ah, 1975; Has-
sold and Sandison, 1983).
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Effect of Maternal Age on the Incidence of Digynic
Triploidy in LT/Sv Strain Mice: Implications for
the Ovulation of Primary and Secondary Oocytes
in This Strain

S. SPEIRS AND M.H. KAUFMAN

Department ofAnatomy, University Medical School, Teviot Place,
Edinburgh, Scotland EH8 9AG

ABSTRACT LT/Sv strain mice ovulate both primary and secondary oocytes, which are fertilis-
able, giving rise to digynic triploid and normal diploid fertilised conceptuses, respectively. Since the
proportion of primary and secondary oocytes ovulated in our earlier studies varied widely among
females, we investigated whether the proportion of primary oocytes ovulated in LT/Sv strain mice
was influenced by maternal age. Females 6,12,18, 24, and 30 weeks old were mated with F1 hybrid
males. The females were autopsied on the 10th day of gestation, and the intact conceptuses or
extraembryonic membranes analysed cytogenetically.

Since no selective loss of the triploids occurs up to the 10th day of gestation, analysis at this time
also provides indirect information on the proportion of primary and secondary oocytes ovulated. We
observed 1) that the overall incidence of triploidy decreased from 55% in the 6-week-old females to
6% in the 30-week-old group; 2) that the number of females from which both triploid and diploid
embryos were recovered decreased with increased maternal age; 3) that a substantial decrease in
the proportion of triploid embryos was observed in those females in which both triploid and diploid
embryos were recovered, in relation to increased maternal age; 4) that there was no overall de¬
crease in the total number of implants with increasing age; and 5) that there was no increase in the
incidence of resorptions with increasing maternal age. We believe that no comparable relationship
between the ovulation of primary and secondary oocytes and maternal age has previously been
reported.

Cytogenetic analysis of the spontaneously oc¬
curring parthenogenones isolated from LT/Sv
strain mice has clearly demonstrated that both
haploid and diploid embryos were produced (Ste¬
vens and Varnum, '74). More recently it has been
observed that both groups developed a single pro¬
nucleus following polar body extrusion (Kauf¬
man, '83). Further studies revealed that the ex¬

planation for this finding was that LT/Sv strain
mice regularly ovulate both primary and second¬
ary oocytes that are capable of activating par-
thenogenetically (Kaufman and Howlett, '86) and
were fertilisable, giving rise to digynic triploid
and normal diploid fertilised conceptuses, respec¬
tively (O'Neill and Kaufman, '87). The digynic
triploids were capable of developing to at least the
10th day of gestation, while the most advanced
embryos recovered developed to about the fore-
limb bud stage, with 20-25 pairs of somites pres¬
ent (Kaufman and Speirs, '87). The digynic trip¬
loid embryos recovered, however, were easily
distinguishable from their normal diploid litter-

mates by their smaller size, and because they al¬
most invariably developed neural tube defects,
principally of the cephalic region (Kaufman and
Speirs, '87). More recently, it was observed that
the proportion of primary oocytes ovulated could
be significantly increased following the exposure
of these females to exogenous gonadotrophins
(Speirs and Kaufman, '88).

Since the proportion of primary oocytes ovu¬
lated in our earlier studies (Kaufman, '83; Kauf¬
man and Howlett, '86; O'Neill and Kaufman, '87)
varied widely among females, we decided to in¬
vestigate the influence of maternal age on the fre¬
quency of ovulation of primary oocytes. We also
wished to investigate whether the total number of
eggs ovulated by spontaneously cycling females
diminished with increasing age and thus might
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account in part for the reduced fertility of aged
LT/Sv females reported by some researchers.

MATERIALS AND METHODS

Randomly cycling female LT/Sv/Kau (LT/Sv)
mice were caged with (C57BL x CBA) F1 hybrid
males. The LT/Sv mice were divided into various
age groups, namely, 6, 12, 18, 24, and 30 weeks of
age. Each morning the females were checked for
the presence of a vaginal plug, the presence of
which was taken as evidence of mating. The day
of finding a vaginal plug was considered to be the
first day of pregnancy.

The females were autopsied at about midday on
the 10th day of gestation. The decidual swellings
were isolated from the uterine horns and trans¬
ferred into phosphate-buffered saline. The em¬
bryos were then dissected free from within their
extraembryonic membranes with fine watchmak¬
er's forceps, and the total numbers of embryos and
resorptions present were recorded. The extraem¬
bryonic membranes from each embryo were
transferred into tissue culture medium contain¬

ing colcemid (1 ml of a 0.1% solution of colcemid
in 100 ml of "199" tissue culture medium) and
incubated in vitro in an atmosphere of 5% C02 in
air for 2-3 h to allow their chromosome constitu¬
tion to be determined. A modification of the
chromosome spreading technique described by
Evans et al. ('72) was employed, and the chromo¬
some preparations were subsequently G-banded
using a modification of the technique described by
Gallimore and Richardson ('73).

RESULTS

The 6-week-old group of LT/Sv strain females
had the highest overall incidence of triploidy
(54.7%; see Table 1). In the 12-, 18-, and 24-week-
old groups, the incidence of triploidy was 18.4%,
13.6%, and 10.8%, respectively, while in the 30-
week group, which was the oldest group studied,
the overall incidence of triploidy was 6%.

It is interesting to note that in the 6-week-old
group, all the females contained both diploid and
triploid conceptuses. In the older groups, dimin¬
ishing numbers of females were encountered that
contained both diploid and triploid conceptuses,
namely, 82.4%, 63.6%, 33.3%, and 28.6%, respec¬
tively, in the 12-, 18-, 24-, and 30-week-old
groups. Although the number of females that ac¬
tually contained both diploid and triploid concep¬
tuses significantly decreased with increasing age,
there was also a sharp decrease in the number of
triploid conceptuses observed in those females

that contained both diploid and triploid concep¬
tuses. Whereas in the 6-week-old group, the inci¬
dence of triploidy was almost 55%, in those fe¬
males in the older age groups that contained both
diploid and triploid conceptuses the level of trip¬
loidy observed was substantially lower, being
somewhere in the range of about 20-28% of all
the conceptuses recovered from these females. A
gradual decrease is observed in the litter size
from a maximum value of 10.73 ± 0.32 in the 6-
week-old group to 8.71 ± 0.89 in the 30-week-old
group. However, statistical analysis revealed that
there was no significant variance among these
five groups (P < 0.05). Similarly, while the over¬
all incidence of resorptions encountered increased
from 10.2% in the 6-week-old group to 17.9% in
the 30-week-old group, these were also not signifi¬
cantly different (P < 0.05). However, even in the
unlikely situation that all of the resorptions had
resulted from the loss of triploid embryos, then
the incidence of triploidy in the 6-, 12-, 18-, 24-,
and 30-week groups would be 59%, 27%, 28%,
28%, and 23%, respectively. The incidence of trip¬
loidy in the 6-week-old group is significantly dif¬
ferent from the incidence in the other age groups
(P < 0.001). The relatively small difference in the
litter size between the groups would have had no
significant effect on the difference in the inci¬
dence of triploidy observed in the 6-week-old fe¬
males and the substantially lower incidence ob¬
served in the other age groups.

DISCUSSION

Analysis of the chromosome constitution of
postimplantation embryos isolated from LT/Sv
strain females of various ages on the 10th day of
gestation has clearly demonstrated that the inci¬
dence of triploidy decreased from 54.7% in the 6-
week-old females to 6% at 30 weeks of age. There
appear to be at least two complementary factors
involved that provide an explanation for the sig¬
nificant reduction observed in the incidence of
triploid embryos in association with increasing
maternal age. First, the number of females from
which only diploid embryos are recovered signifi¬
cantly increases in association with increasing
maternal age. Second, there is a substantial de¬
crease in the proportion of triploid embryos pres¬
ent in females from which both triploid and dip¬
loid embryos are recovered with increasing
maternal age.

The mean number of implanation sites present
in females at 6, 12, 18, 24, and 30 weeks of
age was not significantly different. Furthermore,
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there was an insufficient increase in the number
of resorptions present in the older females that
might account for the decreasing incidence of trip-
loidy observed in the older age groups. Further¬
more, our previous studies have indicated that
the number of implants observed on the 10th day
of gestation is not significantly different from the
number of eggs ovulated, being confirmatory evi¬
dence that no selective loss of triploids occurs dur¬
ing the pre- and early postimplantation period
(Kaufman and Speirs, '87). Our present findings
would therefore seem to indicate that the age of
the LT/Sv females closely correlates with the pro¬
portion of primary and secondary oocytes ovu¬
lated, as well as the incidence of females that
ovulated only normal secondary oocytes.

As far as we have been able to establish, no

comparable phenomenon appears to have previ¬
ously been reported in the literature. Indeed,
other experimental studies in the mouse have
demonstrated that the frequency of triploidy does
not appear to be affected by maternal age (Gosden
'73; Yamamoto et al., '73), and neither has a simi¬
lar situation been observed in man (Carr, '71),
although a clear relationship with aneuploidy is
now well established (for recent reviews, see Bond
and Chandley, '83; Dyban and Baranov, '87). It
should be noted, however, that an increased risk
of both hydatidiform mole and choriocarcinoma
exists in older women (Buckley, '87), some of
which may be attributable to diandric but not di-
gynic triploidy. In the majority of cases, spontane¬
ous triploidy in the mouse results from digyny
(Braden and Austin, '54; Wroblewska, '71; Bar¬
anov, '76; for review, see Dyban and Baranov,
'87), and a similar situation is believed to occur in
rabbits (Carothers and Beatty, '75; Beatty and
Coulter, '78). This contrasts with the situation ob¬
served in various other species (e.g., the rat: Bom-
sel-Helmreich, '65), as well as in man (Jacobs et
al., '82; Surti, '87), where most examples of spon¬
taneous triploidy probably result from dispermy.
In hamsters and in mice, and possibly in other
mammalian species, digynic triploidy results
from the monospermic fertilisation of giant dip¬
loid oocytes (Funaki and Mikamo, '80; Funaki,
'81).

The only other strains of mice that are believed
to ovulate primary oocytes are the A/He strain, in
which the level of spontaneous triploidy is said to
be about 4.5%. This level can apparently be in¬
creased to about 20% following superovulation
treatment (Takagi and Sasaki, '76). In the NMRI/
Han strain, females ovulate up to 12% of their

eggs as primary oocytes following superovulation
treatment (Jenderny et al., '80; Hansmann et al.,
'83). In neither of these strains, however, has any
indication been reported of a relationship be¬
tween maternal age and an increase or decrease
in the incidence of primary oocytes ovulated. In
all of the other mouse strains in which the inci¬
dence of the ovulation of primary oocytes has been
investigated, very few have been observed. In¬
deed, only a very small proportion of mouse eggs
are ovulated at stages other than metaphase of
the second meiotic division, and similar findings
have been reported in relation to other rodents
(Austin and Braden, '54; Austin and Walton, '60;
Austin, '61). The incidence, however, is said to be
slightly higher after induced ovulation in most of
these species (Austin, '69). In the dog, the fox, and
possibly in the horse, eggs are normally ovulated
as primary oocytes, but meiotic maturation con¬
tinues in the oviduct, and sperm penetration only
takes place once the egg has matured to meta¬
phase of the second meiotic division (for discus¬
sion, see O'Neill and Kaufman, '87).

One explanation proposed for the reduced fertil¬
ity of aged LT/Sv females was the high rate of
unilateral or occasionally bilateral ovarian tera¬
tomas present in females over the age of 90 days
(Stevens and Varnum, '74). This explanation is
inapplicable in the case of our own stock of LT/Sv
mice (obtained from MRC Carshalton) and main¬
tained in Edinburgh for over 3 years, as very few
females aged 5-8 months show morphological or
histological evidence of ovarian teratoma forma¬
tion. Furthermore, despite retaining the ability of
ovulated eggs to undergo spontaneous partheno-
genetic activation both in vivo and in vitro, few
of the abnormal morphological features of the
ovaries described in earlier studies of this strain
(Stevens and Varnum, '74; Stevens, '75; Eppig,
'78) are observed on histological analysis of the
ovaries in our LT/Sv mice (authors' unpublished
observation).
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