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INTRODUCTION

The fact that the preimplantation mammalian embryo can hatch in vitro indicates
that the forces involved originate within the embryo itself. In the mouse, Cole (1967)
thought that the physical force generated by the alternating expansion and con-
traction of the blastocyst, over a period of many hours, was apparently responsible
for tearing a hole in the zona pellucida through which the blastocyst ultimately
escaped. Recently, Liu Bin & Mulnard (1980) have observed three types of behaviour
for the mouse blastocyst: "discontinuous expansion interrupted, by rapid contrac-
tions and followed, or not, by hatching; practically continuous expansion followed
by hatching". These observations demonstrated that the pulsatile activity of the
blastocyst was not a pre-requisite for hatching. In the cow, Massip & Mulnard (1980)
have reported the third type of behaviour mentioned above, for normal embryos,
but their experiment was limited to a very small number. In order to study more
precisely the behaviour of the cow blastocyst during the hatching process in vitro,
a time-lapse cinematographic investigation, completed by a morphometric analysis,
was undertaken.

MATERIALS AND METHODS

Embryos were recovered surgically (Rowson, Moor & Lawson, 1969) or non-
surgically (Newcomb, Christie & Rowson, 1978) on day 7 (Day 0 = day of oestrus)
from super-ovulated heifers of mixed breeds. Super-ovulation treatment and flushing
medium were as indicated previously (Massip & Mulnard, 1980). After recovery,
the embryos at the early blastocyst stage were washed in fresh flushing medium and
cultured by the flat capillary tube technique designed for continuous cinematographic
surveillance (Mulnard, 1967). The culture medium was a modified Krebs-Ringer
bicarbonate supplemented with lactate, pyruvate and 20% heat-inactivated sheep
serum (Massip & Mulnard, 1980). The embryos were filmed for four to five days in
the same medium but were left in culture until six or seven days. Negatives of the
films were analysed on a moviola 16 mm which allows drawing and printing of the
selected frames. Diameter, perimeter and surface of each drawing were measured
with an automatic image analyser system (Leitz ASM).
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RESULTS

Rate, time and duration of hatching in vitro
Of the 27 embryos cultured, 19 (70 4 %) hatched normally i.e. by shedding the

cracked zona pellucida, two hatched partially by herniation through a reduced
opening of the zona, one remained inert and five did not hatch.
Rupture of the zona occurred after about 12 hours of culture in two embryos,

23 hours in six, 36 hours in ten and 51 hours in one. The mean ± S.D. perimeter of
the embryos, without the zona, at the beginning of the culture period was 433 +
41 2 ,um, At the time of rupture of the zona it was 708 ± 88 ,um, an increase of 63 %.

Hatching was complete within 48 hours of culture in 15 embryos, 72 hours in three
and 96 hours in one. This corresponds to days 9-10 after oestrus. The mean ± S.D.
perimeter after hatching was 914 ± 75 um (an increase of 29 % compared to the
perimeter at the time of zona rupture). The hatching process took from 1 to 22
hours (12-05 hours ± 6-42 hours). The duration of the culture period before rupture
of the zona did not influence the duration of hatching. After hatching, a proportion
of embryos from a particular animal looked morphologically normal for a long
time (until 6 days of culture) while others degenerated soon after hatching.

Modalities of blastocyst expansion and hatching.
Of the 19 blastocysts that hatched normally, five (26.3%) showed no pulsatile

activity during expansion and hatching while the others underwent few contractions
(no more than three) before rupture of the zona and/or during hatching (Table 1).
During contractions, the blastocoelic cavity sometimes disappeared. Pulsation move-
ments were still observable after the embryos had escaped from the zona. Figures 1
and 2 illustrate these different types of behaviour. Contractions of the blastocysts
occupied about 17 minutes while the re-expansion took place approximately linearly,
but much more slowly, occupying about 9-10 hours. The zona pellucida diminished
in thickness as the blastocyst expanded and showed a slight elasticity, retracting
rather slowly following the sudden contraction of the blastocysts. It broke at the
embryonic pole in 4 blastocysts, at the abembryonic pole in one and at any point of
the mural trophoblast in the remaining 14. In the 19 cases, the blastocysts escaped
from the zona through a large slit, by active protrusion and without preliminary
rotation. The duration of hatching was longer when pulsations occurred during
hatching. The appearance of the zona after escape of the blastocyst, with the
characteristic tear through which the blastocyst had passed, was very similar to that
of empty zonae which could be flushed from cow uteri after day 9 of oestrus.
Two blastocysts hatched incompletely by herniation through a reduced opening

Table 1. Number of embryos that have pulsed, or not, before and/or
during hatching; and the number ofpulsation movements

Pulsation movements Pulsation movements during hatching
before rupture of ,A-_ _ _ _

the zona 0 1 2 3 Total

0 5 5 2 1 13
1 4 0 0 0 4
2 1 1 0 0 2

Total 10 6 2 1 19
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Fig. 1. Behaviour of two blastoCYsts hatching in vitro. Solid line: continuous expansion followed
by rupture of the zona (arrow) and hatching (arrowhead). Dotted line: continuous expansion,
but hatching is interrupted by a cycle of contraction and expansion.
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Fig. 2. Behaviour of two blastocysts hatching in vitro, one exhibiting a pulsatile activity during
both expansion and hatching (solid line), the other during expansion only (dotted line).

of the zona. In these cases, hatching stopped when approximately half of the embryo
had protruded outside, the blastocyst taking a diabolo shape. In one of them, the
inner cell mass was divided in two equal parts by the herniation (Fig. 3). In the two
blastocysts, the herniated part exhibited a rhythmic series of contractions and
expansion.

Five embryos out of 27 (18*5 %) did not hatch, Their expansion was interrupted
by several rapid contractions and re-expansions until they finally collapsed (Fig. 4).
Contractions occupied about 13 minutes and re-expansion 6 hours.
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Fig. 3. Hatching of a blastocyst by herniation through a reduced opening of the zona (arrow).
The inner cell mass is divided in two parts. x 105.
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Fig. 4. Behaviour of two blastocysts which did not hatch in vitro. They underwent a rhythmic
series of contractions and expansions.

The 27 embryos examined were obtained from five animals and it was interesting
to note that the general behaviour of embryos from a particular animal was quite
similar and often differred from those from another animal. For example, seven
blastocysts out of eight, three out of four and two out of three recovered from three
donor heifers exhibited pulsation movements followed by normal hatching while
three out of four embryos collected from a fourth donor expanded and hatched
without interruption. On the contrary, five out of seven embryos of the last donor
animal showed a limited expansion and contracted several times before degeneration,
while the two remaining embryos hatched normally.
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DISCUSSION

The rate of hatching in vitro for day 7 cow embryos in our culture conditions
(70A4 %) is slightly lower than that reported by Menezo (1976); Renard, Du Mesnil
Du Buisson, Wintenberger-Torres & Menezo (1976) and Renard & Heyman (1979)
using Menezo's medium (80-0 % and 74-0%, respectively).
The time of hatching in vitro corresponds approximately with the time of zona

loss in vivo (9-10 days after oestrus; Renard et al. 1976; Flechon & Renard, 1978;
Massip & Mulnard, 1980). Hatching itself is an active process, as demonstrated by
Flechon & Renard (1978) and Massip & Mulnard (1980).
The fact that embryos of a particular animal remain morphologically normal for

varying periods in culture probably reflects differences in the viability of eggs for
that animal.
Cow blastocysts and expanded blastocysts examined immediately after flushing

from the uterus, or a few hours later (after having been left on the bench at room
temperature) show a variety of forms. Some appear fully expanded, with the tropho-
blast flattened and closely adherent to the zona, while others are collapsed inside an
intact zona or a split zona (Flechon & Renard, 1978). Intermediates between these
extremes are also found. This range of appearances parallels that undergone by
individual blastocysts during the cycles of contraction and re-expansion described
previously and suggests that similar cycles occur in utero. However some blastocysts
can probably also become contracted within the zona as a result of physiological
stress, e.g. temperature shock (Cole, 1967).

Previous workers have demonstrated the existence of a rhythmic series of con-
tractions and expansions of the blastocysts of the rabbit (Lewis & Gregory, 1929),
mouse (Kuhl & Friedrich-Freska, 1936; Cassini, 1962; Cole & Paul, 1965; Cole,
1967; Mulnard, 1967), rat (Bitton-Casimiri, Brun & Psychoyos, 1970) and guinea-
pig (Blandau, 1971). Most of these workers consider this pulsatile activity to be a
normal phenomenon leading to the rupture of the zona (Cole & Paul, 1965; Cole,
1967; Orsini & McLaren, 1967; Bitton-Casimiri et al. 1970).
Our observations demonstrate that, in the cow as in the mouse (Liu Bin &

Mulnard, 1980), the pulsatile activity of the blastocyst is not a necessary condition
either for rupture of the zona or for hatching because 13 blastocysts out of 19
(68*4%, Table 1) had an uninterrupted expansion before zonal rupture, and 5
out ofthem did not pulse at all during hatching. It is clear, also, that a moderate pulsatile
activity is not incompatible with normal hatching. On the other hand, when ex-
pansion is frequently interrupted by repeated contractions, hatching does not occur
even when the zona is broken, as observed in occasional cases (Massip & Mulnard,
1980).
The extensive expansion of the blastocyst is dependent upon mechanisms for the

accumulation and retention of fluid in the blastocoele cavity (Hastings & Enders,
1975). The accumulation of fluid depends upon the development of water transport
mechanisms across the trophectoderm (Biggers, Borland & Powers, 1977) and it
seems likely that prostaglandins of the E series, produced endogenously, are neces-
sary for the formation of blastocoele fluid in the mouse because their antagonists
can inhibit hatching (Biggers, Leonov, Baskar & Fried, 1978). Retention of fluid
implicates the presence and integrity of a continuous junctional complex between
trophoblast cells (Enders, 1971; Hastings & Enders, 1975; Ducibella, Albertini,
Anderson & Biggers, 1975; Ducibella, 1977).
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When hatching is preceded and/or accompanied by contractions and re-expansion
this means the loss of a certain amount of water from the embryo, probably because
the seal at the cell-cell junctions is incomplete in some blastocysts.
The abnormal expansion encountered in the blastocysts which fail to hatch could

be attributed to a functional and structural immaturity or anomaly of the trophecto-
derm leading to impaired accumulation and retention of fluid in the blastocoelic
cavity unless it were of metabolic origin. Renard, Philippon & Menezo (1980) have
found differences in the metabolic activity, particularly concerning glucose uptake,
between the embryos. Of eleven out of fifty nine 10-1 1 day embryos (1 8 7 %) which
failed to enlarge after a 20 hours culture period, two did and nine did not take up
glucose from the medium. In the mouse, glucose is a necessary factor in vitro for the
hatching of blastocysts (Wordinger & Brinster, 1976).
Whatever the causes of this anomaly of development, this study confirms that

hatching in vitro is a good criterion for testing the developmental potentialities of
cow embryos.

Herniation of the blastocyst through a reduced opening of the zona was reported
in the guinea-pig (Blandau, 1971) and the mouse (Liu Bin & Mulnard, 1980). It is
rarely followed by complete hatching. Usually, the process stops when half of the
blastocyst is outside. When the inner cell mass is divided in two parts by this hernia-
tion (as illustrated in Figure 3), one may suppose that this process could lead to an
undoubling of the embryo and thereby to the formation of biochorionic mono-
zygotic twins, provided that the part of the embryo enclosed in the zona could get
out. From our observations, we are unable to offer an explanation concerning this
mechanism.
The differences in the behaviour of the embryos between donor animals shows

that there is a large variation in the viability of eggs of the same stage, put in the
same conditions but coming from different cows. This observation confirms those
of Trounson, Willadsen & Rowson (1976), Seidel (1977) and Renard & Heyman
(1979).

SUMMARY

The behaviour of the cow blastocyst in vitro was studied by time-lapse cinemato-
graphy and analysed by morphometry. Three types of behaviour were observed:
continuous expansion followed by hatching; discontinuous expansion interrupted
by few contractions and followed by hatching; discontinuous expansion interrupted
by several rapid contractions without hatching. This demonstrated that the pulsatile
activity of the blastocyst is not a necessary condition of hatching but also that only
a moderate pulsatile activity is compatible with normal hatching. The time of
hatching in vitro corresponded approximately with the time of zona loss in vivo
(9-10 days). Rupture of the zona occurred at any point of the trophoblast layer.
Hatching by herniation through a reduced opening of the zona was occasionally
observed. The behaviour of the embryos from a particular animal was very similar
but differences were noted between embryos from different animals.

We gratefully acknowledge the technical assistance of W. Zwijsen and the financial
support of IRSIA and FRSM.
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