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Summary. After the zona is shed, the ewe blastocyst increases rapidly in diameter and
length. The aim of the present study was to examine the control of trophoblast growth.
Twelve-day old ovine blastocysts, cut into pieces and cultured in vitro for 24 h, gave rise to
structures called trophoblastic vesicles (blastocysts without the embryonic disc). Such
trophoblastic vesicles (TV), cultured at least 5 to 10 days or more in vitro, were able to
survive. However, they did not increase in length and only some of them began to form
small buds. In contrast, after they were transferred surgically into the uterine horn
ipsilateral to the corpus luteum on Day 12 of the oestrous cycle, these TV were elongated
in 5 out of 7 recipient ewes slaughtered on Day 17.

The structure of the TV was observed by scanning electron microscopy before and
after in vitro elongation and then compared with that of control blastocysts which had been
cultured or not.

This study demonstrates that trophoblast elongation does not depend necessarily on the
presence of the embryo proper, but can occur in TV composed only of the trophectoderm
and the extraembryonic endoderm. The results also suggest that some unknown uterine fac-
tor(s) is involved in the development of trophoblastic tissue.

Introduction.

After the zona is shed on Day 8 of gestation, the ovine blastocyst undergoes
rapid and spectacular elongation ; from a few millimeters in length on Day 11, it

increases to more than 25 cm on Day 17. Therefore, by Day 14 large morpho-
logical changes have taken place during the time the initially spherical blastocyst
was assuming a tubular shape (Bindon, 1971). Although the regulation of

trophoblast growth is probably under endocrinological uterine control, it has not

been elucidated in any species (Wintenberger-Torr6s, 1967 ; Short, 1969 ; ligren,
1981 ; Martal et al., 1985). The elongation phase of the trophoblast in sheep
begins at the same time as the inhibition of cyclic luteolysis (Moor and Rowson,
1966 ; Martal, 19811. The control of these different events is one aspect of the
numerous mechanisms involved in the maternal recognition of pregnancy (Bazer
and First, 1983).



In rodents, the blastocyst remains almost spherical and the proliferation of its
trophectoderm depends largely on the inner cell mass (ICM) which becomes the
embryo proper. In contrast, the blastocyst of ruminants and pigs elongates
considerably so that the trophectoderm cells are finally located far from the cells
of the embryonic disc which are liable to induce their proliferation. On Day 15 of
pregnancy, the ovine trophoblast is about 50-fold longer than the LCM. Moreover,
during studies on trophoblastin (Martal et al., 1979), elongation of the

trophoblastic vesicles (blastocyst fragments without the embryonic disc) was
occasionally observed after transfer to the uterus of cattle or sheep (Heyman et
a/., 1984 ; Martal et al., 1984).

In order to study more thoroughly the factors controlling trophoblast growth,
we cultured ovine trophoblastic vesicles (TV) for variable periods of time. Some
of them were then transferred into the uterus of cyclic recipient ewes.

Material and methods.

Animals. - Nineteen primiparous or multiparous « Pr6alpes du Sud » ewes were
used in this experiment.
Donor ewes. &horbar; Embryos were obtained from ewes synchronized with vaginal
sponges impregnated with 30 mg of 17a-acetoxy-9a-fluoro-11a-hydroxy-
progesterone (Searle Intervet, France) (Robinson, 1965 ; Shelton, 1965) ; they
were removed after 14 days and the ewes were superovulated with 14 mg of
FSH-P (Burns-Biotec, USA) per ewe. Four injections were given : 24 and 12 h
before sponge withdrawal, during withdrawal, and 12 h afterwards. The ewes
were mated twice on the day of oestrus (designated as Day O1. After slaughter of
the donor ewes on Day 12 of pregnancy, the embryos were collected by flushing
the uterine horns with phosphate buffered saline (Tervit, Whittingham and

Rowson, 1972), supplemented with 2 % (w/v) bovine serum albumin (fraction V ;
Sigma).
Preparation of trophoblastic vesicles. - After the 12-day old embryos had been
collected, blastocysts in the early elongation stage (0.5 to 2 mm long) were used
to prepare the TV. Each embryo was cut into two or three pieces to remove the
embryonic disc. All of the pieces of the trophoblastic tissue were cultured for 24 h
at 38 °C in 300 pl of B2 medium under an atmosphere of 20 % 02, 5 % C02 and
75 % N2. During culture, the pieces of trophoblastic tissue formed spherical
vesicles called trophoblastic vesicles.

Recipient ewes. &horbar; Seven recipient ewes, synchronized as previously described,
were anaesthetized with halothane (Fluothane, I.C.I. Pharma) on Day 12 of the
oestrous cycle and the corpora lutea were labelled with India ink. Two TV derived
from the 12-day old blastocysts were transferred into 0.2 ml of B2 medium (Api-
System, La Balme-les-Grottes, 38390 Montalieu-Vercieu-France) into the upper
third of the uterine horn ipsilateral to the corpus luteum.

Observations after transfer. - Five days after transfer, the ewes were slaughtered.
The labelled corpora lutea were observed, dissected and weighed. The genital



tracts were flushed to check for the presence of trophoblastic tissue. The length
of the TV was measured.

Preparation for scanning electron microscopy. &horbar; The tissue was rinsed in

phosphate-buffered saline and fixed with 1 % glutaraldhyde in 0.125 M

cacodylate buffer (pH 7.3) at room temperature for at least 1 h. The specimens
were left in the fixative overnight at 4 °C and then postfixed for 1 h with
1 % OS04 in cacodylate buffer (pH 7.3). After dehydration in ethanol, the material
was critical-point dried in Freon 13 and gold-coated.

Results.

Luteal activity of recipient ewes (table 1). - As recorded in previous studies
performed with a larger number of animals (Martal et al., 1979), corpus luteum
weight was not statistically different on Day 12 than on Day 17 of pregnancy.
There were great individual variations in corpus luteum weight in these

experiments. A good correlation was noted between the functional activity of the
corpus luteum and its weight (Denamur, Martinet and Short, 1973 ; Martal et al.,
1979). Recipient ewes (numbers 2452, 2066 and 2456) returned to oestrous on
Days 16 to 17 ; these ewes had light corpora lutea. The luteolysis of ewe N° 2060
seemed delayed, considering luteal weight. This may have been due to abundant
secretion of trophoblastin (Martal et al., 1979) on Day 12, even though there was
no trophoblast elongation. The ewes exhibiting more pronounced elongation of
the TV after transfer either had several corpora lutea weighing about 400 mg (ewe
N° 2432), or only one of three was well developed (ewe N° 2419) (table 1 ).



Elongation of trophoblastic vesicles. - After 24 h of culture in B2 medium
enriched with bovine serum albumin, most pieces of trophoblastic tissue became
spherical and exhibited a prominent scar composed of larger cells. Some of the
TV also produced small buds that divided into little vesicles a few days later.

Whatever the length of culture time (up to 20 days), the TV never elongated in
vitro under our experimental conditions. After 10 to 20 days of culture, they either
shrank, turned dark and died, or swelled and burst into fragments. After transfer
into the uterine horn, several TV elongated markedly. Some of them lengthened 5
to 10 (ewes N° 2066, 2456 and 1096) or even 100 (ewes N° 2432, 24191-fold from
the day of transfer (table 11. ).

Scanning electron microscopy. &horbar; As shown in PI. 1 (fig. a), normal 12-day
old blastocysts measured 1 to 2 mm in diameter and were not elongated. They
were completely covered by the trophoblastic epithelium (trophectoderm), except
for the embryonic disc which was composed of embryonic ectoderm. After one
day of culture, the TV appeared spherical and were covered by the trophoblastic
epithelium (Plate 1, fig. c). Cell blebs and extrusions were visible, particularly on
the scars which developed at the site of section. When whole 12-day old

blastocysts were cultured in the same conditions, extruded cells were also visible
(PI. 1, fig. b), but in smaller numbers. When TV were cultured in vitro for 5 days
or more (13 days in PI. 1, fig. d), they survived but never elongated ; their

appearance was similar to that of TV cultured for only one day (PI. 1, fig. c).

Elongation occurred only when the TV’s were transferred in vivo as shown in

Plate 1 (fig. f). However, the increase in length and diameter never matched that
of control blastocysts (PI. 1, fig. e). The trophectoderm cells exhibited the same
heterogeneous aspect on the globular and newly-developed tubular part of the
TV.





scar. However, the shape of these TV did not change during culture. On the
contrary, TV derived from 12-day old blastocysts, transferred in vivo, elongated
after 5 days (up to 182 mm) and were no longer spherical. This increase in length
was less than that of 17-day old ovine blastocysts which measured more than
250 mm. The trophectoderm cells of elongated vesicles analysed by scanning
electron microscopy had an aspect similar to that of normal blastocysts at the
same age. Moreover, the luteal weight of recipient ewes was comparable to that
of control ewes on Day 17 of pregnancy.

After transfer, the TV survived in utero during the period of maternal

recognition of pregnancy which results in luteal maintenance. According to

Martal (19811, this period lasts about 10 days in ewes (Day 12 to Day 22). The

importance of local embryonic action (Moor and Rowson, 1966) and the effects of
small amounts of transferred trophoblastic tissue (2 ovine TV per recipient ewe :
Heyman et al., 1984) indicate that this material has an intense secretory activity
and a high growth potential.

These results also suggest that the presence of the embryonic disc is not

essential to blastocyst elongation, although it may be necessary for the long-term
survival of trophoblastic tissue. Besides, the uterus seems to play an important
role in the secretion of one or several factors inducing elongation. These factors
have not been identified. Our results, like those of Lawson, Parr and Cahill (1983),
suggest uterine control of blastocyst growth.

Considering the aspect of the cells from TV elongated in vivo, trophoblast
growth does not seem to result from hypertrophy but rather from cell multi-

plication (unpublished data). In contrast, the spectacular blastocysts elongation in
sows would not be characterized by an increase in trophoblast DNA content. At
least, cell hyperplasia would not be involved in the initial elongation of the porcine
blastocyst (Geisert et al., 1982).

A protein of about 21 000 to 27 000 daltons, capable of stimulating DNA

synthesis in cultured cells, has been isolated from the endometrium of pregnant and
non-pregnant sows. This protein inhibiting the epidermal growth factor (EGF) bind-

ing to endometrial receptors, is not specific to the endometrium since it is also

present in other tissues (Brigstock et al., 1983). The molecular weight of the EGF
is different, being about 6 000 daltons (Carpenter and Cohen, 1979). Moreover,
polypeptides have been reported in the uterine secretion of many species,
including ruminants (M6n6zo and Wintenberger-Torrès, 1976 ; Bazer et al.,
1981) ; some of these polypeptides could be involved in embryo growth in vivo.

Further studies are required to determine the exact role of the embryonic disc
or inner cell mass (ICM) in elongation since the in vivo elongation of TV is less
than in the control blastocysts. Studies must be also done on the interaction of
the trophectoderm and the endoderm derived from the ICM.
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Résumé. Etudes expérimentales de l’allongement du trophoblaste chez la brebis.

Après sa sortie de la zone pellucide, le blastocyste de brebis augmente rapidement de
diamètre et de longueur. Les expériences suivantes ont été effectuées pour étudier le con-
trôle de la croissance du trophoblaste. Des blastocystes ovins, âgés de 12 jours, découpés
puis cultivés pendant 24 h, donnent naissance à des structures appelées vésicules tropho-
blastiques (VT, blastocyste dépourvu de disque embryonnaire). Ces VT, cultivées pendant
au moins 5 à 10 jours, sont capables de survivre ; néanmoiris,elles’ne grandissent pas en
longueur et seulement quelques-unes d’entre elles bourgeonnent de petites vésicules. Au
contraire, après transplantation chirurgicale dans la corne utérine adjacente au corps jaune
de brebis receveuses, au 12e jour du cycle oestrien, des VT s’allongent chez 5 sur 7 des bre-
bis, abattues au 17e jour après l’cestrus. La structure des vésicules trophoblastiques est
observée au microscope à balayage avant et après allongement in vivo et est comparée à
celle des blastocystes témoins, cultivés ou non.

Ces expériences démontrent que l’allongement du trophoblaste a lieu indépendamment
de la présence de l’embryon proprement dit, quoique en présence de l’endoderme extra-
embryonnaire. Ces résultats suggèrent aussi qu’un ou plusieurs facteurs utérins encore
inconnus sont impliqués dans le développement du tissu trophoblastique.
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