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Blastocyst implantation is known to be 
estrogen dependent ifn mice and rats (1-5). 
In  ovariectomized females treated with pro- 
gesterone, implantation will not occur until 
estrogen is given (6-9), and blastocyst de- 
velopment can be arrested for several days 
by delaying the administration of estrogen. 
Autoradiographic studies indicated that es- 
trogen administration to rats induced nucleic 
acid and protein synthesis in both the uterus 
and blastocyst ( 10-12). Injection of estrone 
also ilncreased subsequent in vitro RNA syn- 
thesis by rat blastocysts (13). Amino acid 
uptake and protein synthesis was stimulated 
by estradiol in mouse blastocysts cultured in 
vitro (14). 

These findings may be interpreted as evi- 
dence that estrogen acts directly to activate 
specific 'blastocyst genes, which code for pro- 
teins necessary for the occurrence of implan- 
tation. In  this event it should be possilble to 
demonstrate an increase in blastocyst RNA 
synthesis by estrogen in vitro. In  the present 
study, nucleotide uptake and RNA synthesis 
by imouse blastocysts under in vitro condi- 
tions have been investigated in the presence 
of estradiol. 

Materials and Methods. Animals. Charles 
River CD-1 female mice (6-8 wk old) were 
injected (ip) with 5 IU PMS, followed 48 hr 
later by an injection of 2.5 IU HCG. Treated 
females were caged with mature males and 
the day on which a vaginal plug was found 
has been designated as Day 1 of pregnancy. 
The pregnant females were ovariectolmized 
by a domolateral approach on Day 4 between 
08.00-10.00 hr under Nemibutal anesthesia. 
Progesterone (1 mg in 0.05 ml corn oil) was 
injected (sc) daily from Days 5 to 9 for the 

maintenance of blastocysts. 
In ~ t r o  incubation. On Day 9, between 

14.00-1 6.00 hr, blastocysts were flushed from 
excised uteri with medium 199 (Difco) and 
washed once to remove endolmmetrial tissues 
and blood cells. Recovered blastocysts were 
incubated (5-10 a t  a time) in 100 pl medi- 
um 199 supplemented with 10 pCi/ml 3H- 
uridilne (2 7.3 mCi/mmole, New England Nu- 
clear) and with 10-10-10-6 M 17P-estradiol 
in treatment groups. Control blastocysts were 
similarly treated without estrogen. Estradiol 
dissolved in a small volume of ethanol and 
diluted with saline to loA5 M served as a 
stock solution. Blastocysts in these media 
were placed in a 35-mm watchglass inside a 
water-vapor saturated petri dish and incu- 
bated under an atmosphere of 5% CO2 in 
air a t  37" for various periods. After incuba- 
tion, the blastocysts were washed three times 
with 300 pl ice-cold medium 199. Blasto- 
cysts tended to adhere to glassware and this 
was minimized by coating the glassware and 
transfer micropipettes with Dricote (Fisher) ? 

or by chilling the incubation medium. 
Blastocyst volume before and after incu- 

bation was measured with the aid of an 
oculomicrometer under a dissecting micro- 
scope (X25). The volume of the blastocysts 
was calculated according to the formula for 

a prolate spheroid: - T ab2, where a repre- 

sents the major radius, and b is the minor 
radius of the blastocyst. 

"-Uridine uptake. Blastocysts were incu- 
bated at  37" in medium 199 with 3H-uridine 
for various times (0-120 min). In  the zero 
time series, they were immediately trans- 
ferred to ice-cold medium. At indicated in- 
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tervals, a single blastocyst in 5 pl medium, 
was removed from the incubation medium, 
washed three times, and then transferred by 
micropipette onto a Millipore filter. An equal 
amount of medium from the final wash bath 
was deposited onto another Millipore filter 
to furnish background radioactivity. The 
Millipore filter was dried and counted with 
a toluene base phosphor in a Nuclear Chica- 
go Mark TI liquid scintillation counter. 

The effects of estradiol on nucleic acid up- 
take and RNA synthesis were determined in 
another series of experiments in which 
blastocysts had been incubated for 2 hr in "- 
uridine containing medium 199. 

R N A  extraction. Following incubation in 
the presence of "H-uridine, washed blasto- 
cysts were transferred to 500 pl of 0.1 M 
acetate buffer (pH 5.0) and stored at  -28' 
until RNA extraction. To the thawed acetate 
buffer containing these blastocysts, 50 pl 
purified RNA (10 mg/ml) and 600 pl water- 
saturated phenol (redistilled) were added. 
The whole mixture was shaken vigorously 
for 20 min at  4' and centrifuged (1200g) for 
20 min to separate phenol and aqueous phases. 
The aqueous phase was aspirated and the 
phenol phase was then re-extracted with 250 
pl acetate buffer. Both aqueous phases were 
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pooled. Extracted RNA was precipitated 
with 2 vol of absolute nlcohol 2t -28' over- 
night. The precipitate was collected by centri- 
fugation, washed twice with 70% alcohol 
and dissolved in 200 pl 0.5 N KOH. The 
total R N A  solution was deposited onto a 
Millipore filter, dried and assayed for radio- 
act ivi ty. 

Results. 3H-Uridine uptake. Figure 1 shows 
the kinetics of 3H-uridine uptake by blasto- 
cysts recovered from mice 9 days after mat- 
ing. A linear relationship expressing this up- 
take is given by the regression formula a ? 
= 9.3 + 25.2 X ( r  = 0.997), where Y is 
the 3H-uridine uptake (cpm/pm3 X lo5) and 
X is the tiine of incubation (min) . 

Figure 2 depicts estradiol stimulated 3H- 
uridine uptake by mouse blastocysts. 3H- 
Uridine uptake was about 135% of the con- 
trol value in the preserice of 10-9 and 
M estradiol. In contrast, 97% of the control 
level was obtained with M estradiol 
treated blastocysts. Statistical analysis of 
these data by a sequential range test showed 
that no significant difference ( p  > 0.05) 
occurred in 3H-uridine uptake between con- 
trol and lop6  M estradiol treated blastocysts, 
or among 10-lo, loF9 and loFs M esltradiol 
treatment. A significant difference ( p  < 0.05) 

A 0 Y - 9.3+ 25.2 X 
( r  - 0.997) 
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The number of blastocysts studied are indicated in parentheses. 
FIG. 1. Kinetics of 'H-uridine uptake by Day 9 mouse bllastocysts injcubated in medium 199. 
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FIG. 2 .  Effect of 17p-estradiol on in v i fro  'H-uridine uptake in mouse blastocysts incubated at 

37" for 2 hr under an atmosphere of 5 %  COP in air. Nuwbers in parentheses indicatle the num- 
ber iolf bllaistocysts. Blastocyst volumes at the completion of incubation are given by the Iower line. 
T'he msean preincubstion volume 13f these hlastocysts was 9.1 X lo6 ,urn3. 

existed between the tritiulm concentrations of 
the control and M estradiol versus the 
10-lo to $1 estradiol treated groups of 
blas tocys ts. 

Blastocyst ~ o l ~ m e  following incubation is 
also shown in Fig. 2.  A significant decrease in 
volume accompanied incubation. This de- 
crease, however, diminished in the presence 
of estradiol. Before incubation the average 
blastocyst volume was estimated to be 9.1 
lo5 pm3. Interestingly, addition of 5 mM 
CAMP to the culture medium also prevented 
this change in blastocyst volume. 

Incorporation of 3H-uridine into R N A .  
Table I shows that 3H-uridine was incor- 
porated into RNA in mouse blastocysts after 
culture in vitro for 2 hr. Incorporation in- 
creased to 195% of the control value in the 
presence of M estradiol. At M 
estradiol 3H-uridine incorporation into RNA 

was 167% of the control value. An analysis 
of variance revealed that estradiol signifi- 
cantly enhanced RNA radioactivity. 

Discussion. The results of the present in- 
vestigation demonstrate that RNA precursor 
uptake and RNA synthesis can be rapidly 
stimulated at  physiological levels of estradiol 
in mouse blastocysts under in vitro condi- 

TABLE I. Effect of 17pEstradiol on in Pitro 
Incorporation of 3H-Uridine into RNA by Mouse 

Blastscysts Cultured for  2 hr. 

RNA 
No. of (cpm/blastocyst) 

Treatment blastocysts mean .+- SE 

Control 106 33.6 f 3.7 

17p-Estra.dio1, M 82 65.5 f 3.6" 
10-DM 41 56.2 2 2.0" 

a Statistically significant at p < 0.015. 
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tions. About 2-3% of the 3H-uridine taken up 
by these blastocysts during a 2-hr incubation 
period was recovered as RNA. Since the in- 
crease in RNA synthesis exceeded the eleva- 
tion in blastocyst tritium concentration in 
the presence of estradiol, i t  seems reasonable 
to conclude that the steroid induced an in- 
crease in the amount of RNA synthesized. 
Characterization of this rapidly labeled RNA 
and of the proteins made following estrogen 
treatment is obviously of interest to under- 
standing the action of this hormone and the 
mechanism of blastocyst implantation. 

Optimal est radio1 concentrations of 1 0 - 
M and also of 10-lo M for amino acid up- 
take and protein synthesis have been reported 
(14). By comparison to M of 17p- 
estradiol were optimal in the present study. 
The complex concentration dependence re- 
ported in the former study may be accounted 
for by the presence of albunlin in the culture 
medium, as estradiol binds to serum proteins 
(15) ; consequently, some of the added estro- 
gen would be inaccessible to the blastocysts. 

The present finding that a change in blasto- 
cyst volume during incubation and the partial 
inhibition of this change by estradiol pre- 
sumably reflect different degrees of water 
efflux (16). I t  has been suggested that estro- 
gen effects on the blastocysts niay involve 
a change in membrane permeability ( 1 2 ) .  
When these volume changes are taken into 
account, it is obvious that the stimulatory 
effect of estradiol on 3H-uridine uptake by 
the whole blastocyst exceeds that shown in 
Fig. 2,  which is based on tritium concentra- 
tion in the blastocysts. 

Although it was suggested that the uterus 
may exert an influence on the blastocysts 
during delayed implantation ( 17), present ob- 
servations establish estradiol directly pro- 
motes new blastocyst RNA synthesis. I t  
would be interesting to know if the elevated 
uptake of uridine and amino acids (14) fol- 
lowing estradiol treatment is directly de- 
pendent on Ithis new RNA synthesis. Since 
RNA synthesis has been stimulated by 
estradiol it seems reasonable to infer that 
the hormone exerts at  least part of its action 
on the mouse blastocyst through gene induc- 

tion. How these genes are rendered inducible 
by estrogen shortly before implmtation ap- 
pears fundamental to understanding the mo- 
lecular basis of blastocyst developlent. 

S U P Z P Z W ~ .  I t  was found that physiological 
levels of estradiol ( 10-s-lO-lo M )  enhanced 
3H-uridine uptake by mouse blastocysts 
cultured in a protein-free medium and that 

and loF9 &I 17P-estradiol increased the 
amount of RNA synthesized during the 2-hr 
incubation period. The volume of the blasto- 
cysts decreased during incubation, the reduc- 
tion in size was partly prevented by 17p- 
es tradiol. 
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