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= Abstract =Two-cell embryos were recovered from ICR, Balblc, and F l  hybrid (CBA x 
C57B116) females, and cultured in vitro in the Ham's F-10 medium supplemented with 0.1 
% BSA, 20 mM Na-lactate, or 10 mM HEPES. With F l  hybrid embryos, there were signifi- 
cantly higher development in Ham's F- 10 medium supplemented with 0.1 O/O BSA (79.1 %) 
and lower development in that supplemented with 10 mM HEPES. Significant differences 
between strains were seen also, and preimplantation deveiopment was significantly better 
with the embryos of the Flhybrid strain and was lower with the embryos of the Balblc strain. 
It was concluded that BSA and Na-lactate are the important factors affecting preimplantation 
development, and embryos of the F l  hybrid strain are less sensitive to culture conditions. 

After transplantation of blastocysts cultured in vitro, the pregnancy rate of recipient mice 
and implantation rate of transferred embryos were 60% and 32%, respectively. 
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INTRODUCTION 

Since the early efforts by Hammond (1949) to 
culture mouse ova in a medium composed of a 
simple salt solution supplemented with glucose 
and egg white resulted in survival of eight-cell 
embryos, scientific progress during the last four 
decades have led the present capability of nur- 
turing the embryonic development from zygote 
to blastocyst stages in vitro for several mamma- 
lian species (Whitten and Biggers, 1968; Maurer 

et a/., 1971 ; Kane, 1972; Tervit et a/., 1972; 
Whittingham, 1975) and humans (Edwards et a/. 
1 970). 

Although the mechanism for such improve- 
ment is not completely clear, crystalline bovine 
serum albumin was reported to support develop- 
ment  of two-ce l l  to  morula-stage rabbit 
embryos (Brinster, 1970), and the chemically de- 
fined medium when supplemented with 0.1 or 
0.2% BSA was superior to several complex tis- 
sue culture media in maintaining viability of 
sheep embryos in vitro (Wright et a/., 1976). 
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mOsm (Brinster, 1965). 
In addition, ~t is now clear from experiments 

with mouse embryos that during preimplantatlon 
development there is a gradual change in energy 
substrate requirements (Brinster, 1973). 

Embryos apparently require additional as yet 
unknown factors that ensure their continued de- 
velopment after in vitro culture (Mills et al., 
1973), but defined culture media apparently lack 
important constituents that ensure continued in 
v~vo  development of blastocysts even though 
the embryos can be cultured to this stage in 
vitro. therefore more complex media are neces- 
sary for cleavage (Brackett et a/., 1980). 

In the mouse, development to late morula or 
early blastocyst is a prerequisite to subsequerlt 
normal uterine development, and to advance 
knowledge in embryo culture, several factors 
must be born in mind. But despite many reports 
about the embryo culture in mice, the culture 
rate is variable depend on the strains, medium 
constituents, and culture condition, and the suc- 
cess rate of implantation after embryo transfer is 
low yet. 

In this study, we  have attempted to elucidate 
some important factors that will raise up the pre- 
sent rate of success in the culture of mouse 
embryos and in the implantation of transferred 
embryos. 

MATERIALS AND METHODS 

Animals 

Inbred Balblc and C57B116 strain mice obtained 
from the Korea Research Institute of Chem~cal 
Technology (Daedeog, Chungnam) and Inbred 
CBA, ICR strain mice obtained from Seoul 
National University (Seoul) were used. An~mals 
were kept at constant temperature (24°C) and 
automatically regulated exposure to light from 5 
am to 7 pm. The animals were fed standard lab 
chow (Jeil Co.) and water ad libitum. Virgin 
females were mated overnight wi th fertile 
males, and 8-week offsprings were used in 
these experiments. 

Embryos were obtained from Balblc, ICR, and 
Fl  hybrid (CBA $ X C57B116 9) mice. To induce 
superovulation, PMSG (Sigma Co.) and hCG (Slg- 

ma Co.) were injected 44-47 hrs apart respec- 
tively. Immediately after injection of hCG, one 
female was caged with each male, and mating 
was noted by the presence of a copulatory plug 
the next morning. Two-cell embryos were 
obtained from mated females 46 hours after the 
injection of hCG, and were cultured in Ham's 
F - 1 0  medium (Gibco lab.) and those sup- 
plemented with other components. 

Pseudopregnant foster mothers were made by 
mating with vasectomized ICR males, cultured 
blastocysts of Fl hybrid mice were transferred to 
pseudopregnant ICR females. 

Embryo Culture 

Two-cell embryos were flushed from the uter- 
ine tubes of mated females with Ham's F-10 
medium (Gibco lab.) supplemented with 10 m M  
Hepes buffer. Flushed two-cell embryos were 
pooled and twenty embryos were cultured in 

each drop of culture dishs (Costar plastics, # 
3035) containing 4 drops of culture medium 
under a layer of paraffin oil (Fluka). The embryos 
were incubated at 37°C in an humidified atmos- 
phere of 5% C 0 2  in air. 

The osmolarity of the medium used was 
270-310 mOsm. To compare culture rate of 
two--cell embryos in the same group Ham's 
F - I 0  medlum and those supplemented with 0.1 
O/O BSA, 20 m M  Na-lactate, or 10 m M  HEPES 
buffer were used respectively. And Ham's F-10 
medium supplemented with 0.1 % BSA was 
used for comparing the rate among strains. 

Transplantation 

The embryos were examined for blastulation 
under a inverted microscope (XI 00, Labovert, 
Leitz) at 12-hr intervals for 3 days. After 72 
hr-cultivation, the embryos were evaluated by 
means of inverted microscopy. Cultured blasto- 
cysts of F1 hybrids were transferred to the left 
uterine horn of pseudopregnant ICR females. 
The methods of Hogan et a/. (1986) was used in 
transplanting the blastocysts into the uterine 
horns. The percentage of two cell embryos de- 
veloping to blastocyst and of blastocysts grow- 
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calculated. 

RESULTS 

The quantitative evaluation of ova cultured in 
v~t ro was carried out in two experiments. In the 
first, 2-cell embryos from ICR females were 
cultivated 72 hours in four kinds of media to find 
factors affecting the culture rate. From the re- 
sults presented in Table 1, it can be seen that 
72 hours after the incubation in the basic Ham's 
F-10 medium, 72.2% of the 2-cell embryos was 

Table 1. Development of embryos in vitro after in- 
duced ovulation 

Medium Culture rate ( % I  

Ham's F-10 72.2 (2601360) 
Ham's F-10 

+ 0.1 % BSA 75.1 (2 1 51298) 
Ham's F-10 

+ Na-lactate 74.0 (1 401200) 
Ham's F-10 

+ 10 rnM Hepes 20.0 ( 401200) 

developed into blastocysts. The percentage of 
blastocysts developed in cultivation decreased 
markedly when 10 m M  HEPES was added to 
the Ham's F-10. The most consiste~~t feature of 
these embryos was the prolonged time required 
for completion of the 4-cell or more. This delay 
was then maintained throughout subsequent de- 
velopment. Many of the embryos were capable 
of developing to the eight-cell stage, but con- 
tinued development often ceased. But there was 
no single point at which all embryos arrested. 

The best medium to development of embryos 
was that containing bovine serum albumin, and 
there was no striking difference between the 
effectiveness of 0.1 O/O BSA and 20 m M  Na-lac- 
tate in development in vitro. 

To compare the difference of embryonic de- 
velopment among strains, embryos from three 
kinds of mice (ICR, Balblc, and F1 hybrid) were 
used in cultivation. The results are given in Table 
2. The difference among strains was great. De- 
velopmental potential of F1 hybrid embryos was 
best and thqt of Balblc embryos was lowest. 

Table 2. Preimplantational development of embryos 
accord~ng to the strains of mice 

- - 

Strain Culture rate (%) 

ICR 72.1 (21 51298) 
Balblc 55.0 (1 321240) 

F1 hybrid 79.1 (4971628) 

The mean cultivation rate of F1 hybrid embryos 
was slightly higher (79.1%) than that of ICR 
embryos (72.1%), but the difference between 
Balblc mice and the other strains was great. In- 
deed, when embryos ot the F l  hybrids were cul- 
tured in a medium supplemented with 0.1% 
BSA, the developmental rate was significantly 
higher than in any other medium conditions of 
ICR and Balblc embryos. 

In carrying out the transfer, 200 blastocysts of 
F1 hybrid mice were transplanted to 40 ICR 
females that had been mated with vasectomized 
males. From twenty-four pregnant females only 
sixty-four (32%) embryos were developed to 
term. And a sixty percent (24140) pregnancy rate 
was observed. Genetic control was assured by 
the use of pigmented donors (F1. C57B116 X 
CBA) and albinotic recipients (ICR). 

A considerable body of evidence shows that 
the cleaving ovum requires specific exogenous 
energy sources at different times of develop- 
ment (Biggers, Whittingham and Donahue, 
1967), and these may be supplied by secretions 
of the uterine tubes. Our results, showing that 
bovine serum albumin and Na-lactate affect on 
the preimplantation development, are in full 
agreement with those of Brinster and Thomson 
(1  966), and Brinster ( 1  973). These authors, 
however, used chemically defined medium 
whereas in our experiments complex media 
were used. The developmental rate was lower in 
our experiments than that of other authors 
(Whitten and Biggers, 1968; Hoppe and Pitts, 
1973), but the trend is similar. Although many 
factors such as glucose, pH, osmolarity, O2 con- 
centration etc. affect development of embryo, 
crystalline bovine albumin was reported to sup- 



port development of two-cell to morula-stage 
rabbit embryos (Brinster, 1970), sheep embryos 
(Wright et a/., 1976), and mouse embryos (Hop- 
pe and Pitts, 1973) etc. In our experiments albu- 
min was an important factor for development of 
embryos. The mechanism for such improvement 
is not completely clear. But in our experiment, in 
spite of using complex media containing amino 
acids, medium supplemented wi th BSA in- 
creased the developmental rate. This indicates 
that BSA has an special effect in the develop- 
ment of embryos and that BSA acts indepen- 
dently of the use of amino acid. And 20 mM 
Na-lactate supported preimplantation develop- 
ment as well. Brinster and Thomson (1966) re- 
ported that mouse embryos use lactate or other 

components as energy source during preimplan- 
tational deve,lopment. Despite the use of similar 
or more complex media, there is a difference in 
culture rate among authors. It appears that cul- 
ture conditions and experimental skills such as 
manipulation of embryos etc. are another impor- 
tant factors in culture rate. 

When HEPES is supplemented to the media 
the culture rate become lowest and develop- 
ment after 4-cell stage decrease markedly. 
Brinster (1 972) has similarly reported deleterious 
effects in the use of some buffers (e.g. Tris, 
phosphate, HEPES). These experiments still indi- 
cate that the main effect of bicarbonate and C02 
in equilibrium is not regulation of pH, but supply 
of a carbon source during development (Wales 
et a/., 1969; Graves and Biggers, 1970). Incuba- 
tion of two-cell mouse embryos for only 2-4 hr 
in phosphate-buffered medium resulted in a re- 
duction in their subsequent ability to develop 

Table 3. Transfer of embryos 

into blastocysts (Quinn and Wales, 1973). This 
deleterious effect was especially stronger will 
the Balblc strain (our unpublished data). 

In the experiment to compare the difference 
among strains, the embryos of F l  hybrid females 
develop best. The percentage of random bred 
ICR embryos developing to blastocysts was 
comparatively less than that of the F1 hybrid. 
Many authors (Biggers, 1971 ; Whitten, 1971 ; 
Cross and Brinster, 1973) have reported that 
variable and limited success was obtained with 
random bred mice. In addition, in our experiment 
the percentage of Balblc embryos developing to 
blastocysts was significantly less than random 
bred ICR and F1 mouse embryos, these results 
serve to demonstrate the sensitivity of the Balbl 
c two-cell mouse embryo to the same culture 
conditions and its complete dependency upon 
the environment for further development. 

In carrying out the egg transfer, Table 3 pro- 
vides a summary of the transfer of 200 embryos 
to 40 recipients. A moderate pregnancy rate 
(60%) and embryo survival rate (32%) were 
observed. The previously reported surgical 
method resulted in implantation rates of approx- 
imately 50% or less (Beatty, 1951 ; Tarkowski, 
1959), but more recent investigation (Moler et 
a/., 1979) using nonsurgical egg transfer techni- 
ques have resulted in success rates approaching 
up to 60%. Some investigators (Marsk and Larr- 
son, 1974) have attributed their success to mini- 
mizing the risk of losing embryos during trans- 
plantation. It is possible that crowding of trans- 
ferred blastocysts into one uterine horn was re- 
sponsible for poor success rates. 

Number of recipients Number of embryos 
- 

Total Pregnant Total transfered Developing to term 
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