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Technical Progress Report COO-1801-20

This report covers work completed and in progress under AEC

*\Eontract number AT(11-1)-1801 during the period of May 1, 1971 -
May 1, 1972. The specific areas of experimentation include:
(1) incorporation of amino acids by normal and delayed implanting
blastocysts in vitro; (2) effect of ovarian hormones on incorpor-
ation of amino acids by normal and delayed implanting mouse blasto-
cysts in vitr6; (3) effect of uterine extract on protein synthesis
by mouse blastocysts in vitro; (4) chemical measurement of protein
in mouse blastocysts; (5) metabolic rate in normal and delayed im-
planting mouse blastocysts; and (6) the effect of progesterone on
the dry weight and lipid content of delayed implanting mouse embryos.
The specific experiments were contained in Section B (paragraphs 1
a,b,c; and 2b) of the renewal proposal submitted for 1971-1972.

I.  Incorporation of Amino Acids by Normal and Delayed
Implanting Mouse Blastocysts In Vitro.  Section B (paragraph la)
of the renewal proposal for 1971-1972. This work is in the final
stages and a manuscript is being readied for publication. The
results were presented at the 1972 meeting of the American Associa-
tion of Anatomists  (22) (See COO-1801-18) .

The level of protein synthesis by normal and delayed implant-
ing mouse embryos in vitro, as inferred from the incorporation of
14C amino acids (leucine, lysine, valine and arginine) was esti-
mated by the scintillation counting method. Eggs were recovered
from the uteri of normal animals on day 5 of pregnancy (day 1 =
the day of vaginal plug formation), and incubated for 30 min in
Brinster's medium under an atmosphere of 5% C02 and air with
4 x 10-6M concentration of the four amino acids (S.A. = 300 mc/mM).
The eggs were recovered, washed (x3 in 200 volumes normal saline)
and placed individually on millipore filters with the aid of a
dissecting microscope. The filters were placed in a toluene based
scintillation coctail and the  radioactivity estimated with a
Packard Tri-carb scintillation counter (85% efficiency). The
filters were removed, dried and washed with cold TCA in a suction
device. The filters were then recounted to give estimates of both
total uptake and incorporation into acid insoluable material from
the same sample of eggs. A similar procedure was carried out with
eggs from delayed implanting mothers (ovariectomized on day 4,
killed on day 10). The delayed implanting eggs had approximately
1/4 the total activity of the normal eggs and 1/10 the incorpor-
ated radioactivity.  This result in vitro agreed with our earlier
results using 35S methionine in vivo (18,19,23,26).

To determine whether or not the del.ayed implanting uterus had
negatively influenced the level of protein. synthesis in the eggs,
similar groups of normal and delayed eggs were pre-incubated in
'cold' medium (i.e., with radioactive amino acids) for various
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lengths of time and transferred to radioactive medium to deter-
mine the levels of incorporation and uptake.  Uptake by the
normal eggs increased over a 4 hour period, incorporation did not;
both uptake and incorporation by the delayed eggs gradually in-
creased and at 4 hours reached approximately 80% of the value for
normal eggs at the time of removal from the uterus. Thus, it appears
that the delayed implanting blastocysts recover their ability to
incorporate amino acids, at least in part and therefore, that the
uterus may, in the absence of hormones, exert a negative influence
on the rate of protein synthesis by mouse blastocysts.

II. Effects of Ovarian Hormones on Incorporation of Amino
Acids by Normal and Delayed Implanting Mouse Blastocysts In Vitro.
Section B (paragraph lb) of the renewal proposal for 1971-1972.
This work is in the final stages and the manuscript is being readied
for publication.  The results were presented at the 1972 meeting
of the American Association of Anatomists (22).

It has been suggested that estrogen may act directly on the
blastocysts to increase the level of amino acid uptake and incor-
poration (13). The increase in amino acid incorporation observed
in I (above) by delayed implanting eggs after 4 hours pre-incuba-
tion was only about 80% of that seen in normal eggs at the time of
recovery and it seemed possible that the lack of direct estrogen
stimulation might explain the deficiency. Therefore, normal and
delayed implanting eggs were recovered and pre-incubated in
Brinster's medium with: 178-estradiol (1 x 10-1OM); (1 x 10-6M);
17a-estradiol (1 x 10-1OM); (1 x 10-6M); in progesterone
(1 x 10-7M), or in estradiol 178 (1 x 10-1.OM) and progesterone
(1 x 10-7M) for 4 hours and then placed in radioactive medium with-
out steroids for 30 minutes to assay the level of protein synthesis.
None of the hormone treatments had any effect on the level of up-
take'or incorporation. These results make it seem unlikely that
estrogen is directly involved in the activation of protein syn-
thesis in pre-implantation mouse embryos.

The final portion of I and II (above) remaining to be done
is to establish that incubation in medium containing steroids has
not harmed the eggs. This is now being done by transferring eggs
to foster mothers after 8 hours in media containing each of the
steroid hormones. The results to date suggest that the eggs have
not been damaged since they will develop into normal fetuses (20,25).

III.  Effect of Uterine Extract on Protein Synthesis by Mouse
Blastocysts In Vitro: This work was contained in Section B
(paragraph lc) of the renewal proposal for 1971-1972.  The work is
in progress and only preliminary results can be reported.

It has been recently reported that RNA synthesis in rat and
rabbit blastocysts can be inhibited in vitro by an extract of the
uteri of ovariectomized, progesterone treated rats (12). First
described by Talwar and Segal, the extract was found to inhibit
RNA synthesis by E. Coli; it's activity was lost after ccmplexing



with estrogen (16). It has been proposed that the,mechanism of
inhibiting metabolism in blastocysts during delayed implantation
may Be related to such a substance (12,19)4

A similar extract was prepared from the uteri of ovariectomized,
progesterone treated mice.  The extract is contained in the first
peak with absorbence at 280 um from a G100 Sephadex column eluted
with a Tris buffer at Ph 7.4. The fraction was dialysed against
Brinster's medium without albumin. After 48 hours of dialysis
the medium in the bag contained 0.3 mg protein/ml. Albumin was
added to bring the protein concentration up to 1.0-mg/ml (normal
protein concentration in Brinster's medium). Eggs were incubated
in this medium. Preliminary results indicate that amino acid up-
take and glycogen accumulation in the eggs are inhibited.

This work is still in the preliminary stages and cannot yet
be used to draw definite conclusions. The work proposed in Section
B (paragraph la) will describe the subsequent steps in this pro-
ject.

IV. Chemical Measurement of Protein in Mouse Blastocysts.
This work was contained in Section B (paragraph ld) of the renewal
proposal for 1971-1972. The work is in progress and is not com-
plete.

Blastocysts have been collected from the uteri of normal and
delayed implanting mice treated with oil or progesterone and from
the uteri and oviducts of intact and hypophysectomized mice.  The
eggs have been dried and weighed. The next step is to assay groups
of 15-20 of those eggs to determine their protein content by the
Lowry method.  Preliminary results indicate that the normal day 5
eggs have approximately 20 ng protein each:  this agrees well with
figures in the literature (1). It remains only to assay the re-
mainder of the eggs from the experimental groups.

V.  Metabolic Rate in Normal and Delayed Implahting Mouse
Blastocysts:  This work was contained in Section B (paragraph 2a
and b) of the renewal proposal for 1971-1972. The work has just
been started and only preliminary results have been obtained.

Blastocysts from normal and delayed implanting blastocysts
have been incubated in a closed system with 14C labelled glucose.
14C02 was trapped and the radioactivity estimated by scintilla-
tion counting. Preliminary results indicate that approximately
14pM C02 per embryo is produced per hour.  The remainder of this
experiment is outlined in Section B (paragraph 2a and b) of the
present proposal.

VI. The Effect of Progesterone on the Dry Weight and Lipid
Content of Delayed Implanting Mouse Embryos:  This work was not in-
cluded in last year's report but was suggested by the results pre-
sented in report number COO-1801-12. The work was done by Mr. H.
Hensleigh under my direction and presented at the 1972 meeting of
the American Association of Anatomists (COO-1801-19) and is being
prepared for publication.



The dry weight of delayed implanting blastocysts was shown
to inqrease gradually (during a period of 25 days) in the uteri
of ovariectomized, untreated mice (6).  Furthermore, it has been
shown that such blastocysts become less capable of normal develop-
ment after prolonged periods of delayed implantation (25). On
the other hand, if progesterone is administered daily during the
period of delayed implantation, the embryos' viability does not
decrease  (20) .

The present experiments were undertaken to determine whether
or not progesterone would influence the weight change noted.above
during prolonged delayed implantation.  Mice were ovariectomized
on day 4 of pregnancy (day 1 = VP) and given 2.0 mg progesterone
daily; they were killed on days 7,10,20 and 30 and the eggs re-
covered and weighed individually on a 'fishpole' balance. The
weights increased   to  day   15   as  in the untreated groups; however,
after, day 15 the weight of eggs from progesterone treated groups
did not increase.  Thus, it appears that a steady state (i.e.,
weight) is associated with normal viability and increasing weight
with decreasing viability.  These experiments expand the possibil-
ities for correlating the effect of hormones on metabolic and
physiologic parameters in mouse blastocysts.

VII. Time Spent: The princiRal-_in-vestigator_CH._Weitl.auf)
has spent 90% time on these prOJects and will continue to do so
during the remainder of the current term.
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