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It has been demonstrated that mouse blastocysts in delay, either lactational or
following ovariectomy, are metabolically quite inactive (see McLaren, 1972).
Although cell division continues in the first few days following the onset of
delay (McLaren, 1968), mitotic figures are not seen in blastocysts held in delay
for several days (McLaren, 1968; see Table 1). Just as trophoblast outgrowth
characteristic of the implantation event may be reproduced in the appropriate
culture media (Mintz, 1964; Cole & Paul, 1965), so too can delay of this event
be achieved in vitro. Gwatkin (1966) has shown that omission of arginine and
leucine from Eagle's medium can prevent trophoblast outgrowth from blastocysts for several days. Viability is apparently unaffected, as restoration of the
missing amino acids to the medium after 7 days results in trophoblast outgrowth (Gwatkin, 1966); furthermore, two normal 10th day embryos were
found 6¿ days after transfer to pseudopregnant mothers of twelve blastocysts
delayed in vitro for 4 days (C. F. Graham and M. I. Sherman, unpublished).
Because cell division is depressed in delayed blastocysts in vivo and in vitro,
nuclear DNA contents were measured to determine the stage in the cell cycle
at which blockage had occurred. Table 1 shows that at the time of measure¬
ment {7\ days post coitum {p.c.) for blastocysts maintained in delay in culture,
9£ days p.c. for blastocysts in ovariectomized hosts), mitotic figures were
absent. Cultured blastocysts showed no increase in cell number (cf. Sample 2
with Sample 1, normal blastocysts obtained at noon on the 4th day of pregnancy), suggesting that introduction into the delay medium caused a relatively
rapid cessation of cell division. On the other hand, some blastocysts in ovariec¬
tomy delay (Sample 3) showed substantial increases in cell number before cell
division ceased. This has been previously reported by McLaren (1968) for
blastocysts in lactational delay. The DNA contents of nuclei from normal and
delayed blastocysts can be seen in the histograms in Text-fig. 1. The absorbance
of Feulgen-stained euploid 2C and 4C nuclei (where C is the haploid amount
of DNA) has been determined by measurements on adult liver nuclei (Text-fig.
ID). Text-figure 1A shows that the large majority of nuclei in ovariectomydelayed blastocysts contain less than 2-5 times the haploid amount of DNA. It
is, thus, assumed that the block in the cell cycle is mainly in the Gl phase
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Table 1
cell

numbers of normal and delayed blastocysts
mice
of swiss albino

(strain po)

Sample
no.

Age of
blastocyst

(days)
4
8*

10f

No. of
Average cell
no.
blastocysts
13
8
23

64
60

Range
45

to

42

to

41

to

96
90
188

Mitotic
index (%)
4-3
0
0

*
Removed from the uterus on the 4th day and cultured for 4 days
in the medium of Gwatkin (1966) except that the Eagle's medium was
modified (Vogt & Dulbecco, 1963) and supplemented with 10%
rather than 1 % dialysed fetal calf serum.
t Ovariectomized at noon on the 3rd day of pregnancy and flushed
from the uterus 7 days later.
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Arbitrary units of absorbance
Text-fig. 1. Deoxyribonucleic acid content of nuclei of normal blastocysts and of blasto¬
cysts in delay. Spreads of (A) delayed in vivo, (B) delayed in vitro or (C) normal mid-4th
day blastocysts (see footnotes to Table 1) were prepared, stained with Schiff's reagent
and measured for DNA content as described elsewhere (Barlow & Sherman, 1972). The
histogram in (D) illustrates the 2C and 4C DNA classes seen in liver nuclei imprints
(where C is the haploid amount of DNA). The scale on the abscissa represents machine
units of absorbance.
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delayed mouse blastocysts
(terminology of Howard & Pele, 1953), characteristic of the state of'quiescent'
cells (Baserga, 1968). On the other hand, after 4 days in Gwatkin's medium,
blastocyst nuclei are found to contain substantial numbers of 4C, as well as 2C,
nuclei with a very small percentage of intermediates (Text-fig. IB). The
nuclei of delayed blastocysts in vitro thus appear to be blocked both in the Gl
and G2 phases of the cell cycle. This would be expected if the block were due to
cessation of protein synthesis (Baserga, 1968). The histogram of normal 4th
day blastocysts is different from both of the delayed blastocyst profiles in that a
large number of nuclei contain amounts of DNA intermediate between 2C and
4C (Text-fig. IC).
It has been shown that some cells of the 5th day blastocyst, presumably
trophoblast, begin to accumulate nuclear DNA (Graham, 1971 ; Barlow, Owen
& Graham, 1972; Barlow & Sherman, 1972). The onset of this increase in
nuclear DNA content has been shown to be independent of the implantation
event (Barlow & Sherman, 1972). Although, as expected (Barlow et al., 1972),
the 4th day blastocysts studied here do not contain any nuclei with DNA
contents greater than 4C (Text-fig. IC), five of the 315 nuclei in Text-fig. 1A
and one of ninety-four nuclei in Text-fig. IB have absorbances greater than
that of the largest value for a 4C liver nucleus. In a second sample of ovariectomy-delayed blastocysts (not shown here), two of eighty-eight nuclei had DNA
contents clearly greater than 4C (unpublished data). Although further study is
necessary, it is possible that 1 to 2 % of delayed blastocyst nuclei in vivo and in
vitro have begun to accumulate DNA. This percentage is not far below that
found in 5th day blastocysts (Graham, 1971; Barlow et al., 1972; Barlow &
Sherman, 1972), and may be an underestimate because some of the nuclei with
4C amounts of DNA may be in the Gl phase of the endoreduplication cycle if
the increase in DNA content is due to endoreduplication.
Subsequent to his finding that arginine and leucine were required for tro¬
phoblast outgrowth in culture, Gwatkin analysed the uterine fluid for the level
of these two amino acids (Gwatkin, 1969). He found that they were present in
the same amounts during normal pregnancy and in ovariectomy delay (Gwat¬
kin, 1969). He concluded that the mechanisms behind delay in vivo and the
prevention of trophoblast outgrowth in vitro were probably not the same
(Gwatkin, 1969). The clear difference between the histograms in Text-figs. 1A
and IB supports this conclusion.
If cells from ovariectomy-delayed blastocysts were blocked in Gl, as Textfig. 1A suggests, then following release from the block in the presence of a
labelled DNA precursor, all mitotic figures should be labelled. In a preliminary
experiment designed to test this prediction, blastocysts were released from delay
on the 10th day p.c. by culture in Eagle's medium supplemented with 10%
fetal calf serum (Gwatkin, 1966) and containing 0-5 µ / tritiated thymidine. Although labelled nuclei were detected by autoradiography of blastocyst
spreads after as little as 1 hr in this medium, surprisingly no mitotic figures were
detected even after 26 hr in culture and exposure to Colcemid. Under these
circumstances, the finding that as many as 73 % of the blastocyst nuclei were
labelled after this time supports the evidence in Text-fig. 1A that the majority
of cells had been blocked in Gl or early in S phase.
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