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Effects of Addition of Pyruvate, Lactate, Calcium, and Protein Sources on the 
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and 20% FBS (40, 35 and 28%). The percentage of 
embryos developed to > 8-cell showed no significant (p
< 0.05) difference among BSA, 1 and 20% FBS (33, 23, 
and 22%). However, the percentage of A grade embryos 
developed to > 8-cell in BSA (24%) was significantly (p
< 0.05) hi^ier than in 1 and 20% FBS (13 and 8%). The 
percentage of embryos developed to 그 morula showed 
no significant (p < 0.05) difference among BSA, 1, 10 
and 20% FBS (76, 76, 80 and 68%). The percentage of A 
grade embryos developed to > morula in 10% FBS (59%) 
was significantly (p < 0.05) hi않ler than 20% FBS (43%). 
The percentage of embryos developed to blastocyst 
showed no significant (p < 0.05) difference among BSA,
1, 10 and 20% FBS (34, 41, 43 and 32%). However, the 
percentage of A grade embryos developed to > 
blastocysts in 10% FBS (25%) was significantly (p < 0.05) 
higher than in 20% FBS (8%).
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ABSTRACT : To produce blastocysts more efficiently, it 
is required to identify accurately the factors involving 
embryonic cleavage in the chemically defined medium. 
Effects of pyruvate, lactate, calcium and protein sources 
on early cleavage of bovine follicular oocytes were 
investigated. The percentage of IVF embryos cleaved to > 
2-cell or 그 8-cell was higher in pyruvate (+) and lactate 
(+) (48 or 14%) than in pyruvate ( —) and lactate (—) 
(22% or 4%), than in pyruvate (비 and lactate (-) (28% 
or 5%) and than in pyruvate ( —) and lactate (+) (40% or 
10%). Lactate was more effective than pyruvate during 
early cleavage of bovine embryos in the chemically 
defined medium. The percentage of IVF embryo cleaved 
to > 2-cell and > 8-cell in calcium ( —) (19 and 6%) 
was significantly (p < 0.05) lower than in calcium (+) (78 
and 45%). The percentage of embryos developed to > 2- 
cell showed no significant (p < 0.05) difference among 
BSA, 1 and 20% FBS (57, 57 and 57%). Also the 
percentage of A grade embryos developed to > 2-cell 
showed no significant (p < 0.05) difference among BSA, 1

INTRODUCTION

The requirement of substrates in bovine embryos 
during cleavage has not been fully defined. Although the 
cleavage of bovine embryos has been blocked in vitro 
culture, the co-culture system of bovine embryos with 
oviductal cells (Eyestone and First, 1989), trophoblastic 
vesicles (Heyman et al., 1987), or cumulus cells (Goto et 
al., 1989) has enabled bovine embryos to overcome the 
block. Bovine embryos have been successfully cultured 
from 8-cell to the blastocyst, however, the culture from 1- 
cell to 8-cell has proved to be much more difficult due to 
a developmental block that occurs at the 8-cell (Eyestone 

and First, 1989). The study indicated that bovine oocytes 
in vitro matured and fertilized could efficiently develop to 
blastocyst in the serum free chemically defined medium 
as in the complex medium (TCM-199) (Kim et al., 1993; 
Pinyopummint and Bavister, 1991; Rosenkrans et al., 
1993).

To produce blastocysts more efficiently, it is required 
to identify accurately the factors involving embryonic 
cleavage in the chemically defined medium (Leese, 1991). 
Both lactate and pyruvate were necessary substrates for in 
vitro development of bovine embryos (Takahashi and 
First, 1992), but in hamster embryos, pyruvate was 
inhibitory for development of 1-cell embryos (Leibfried 
and First, 1979). The use of lactate in preference to 
pyruvate had no doubt associated with the conversion of
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lactate to pyruvate by lactate dehydrogenase in in vitro 
embryo culture (Rosenkrans et al., 1993). But it is not 
clear that both pyruvate and lactate might need fbr the 
development of bovine embryos in a defined condition.

Bovine oocyte activation triggered by sperm fusion is 
accompanied by increasing intracellular calcium ion 
(Thibault et al., 1993). It is not clear whether exogenous 
calcium deficiency effects the development of embryos 
after insemination or not.

It has been reported that Fet히 Calf Serum (FBS) 
which is added into media exhibits inhibition of first 
cleavage, stimulation of morula compaction and formation 
of blastocyst in bovine embryos matured and fertilized in 
vitro (Lim et al., 1994; Pinyopummint and Bavister, 1991). 
A report (Pinyopummint and Bavister, 1991) insists that 
the number of blastocysts was increased by the use of 
FBS instead of bovine serum albumin (BSA), but in the 
other study, a similar percentage of embryos was 
excellent or good quality when BSA was used in medium 
(Rosenkrans et al., 1993). But they are only observed cell 
numbers of the blastocysts that have big differences in 
quality of the blastocyst. Implantation of bovine embryo 
is affected by not only cell numbers but also morphology 
of blastocyst.

This study was subjected to illuminate effects of 
metabolic substrates, such as lactate, pyruvate, and 
calcium on early cleavage of bovine embryos and effect 
of protein sources on the morphology of the embryos.

MATERIALS AND METHODS

1) Medium
TCM-199 (sigma, USA) supplemented with 10% heat- 

inactivated FBS (Gibco, USA) was used as maturation 
medium. The fertilization medium was used as same one 
that used by Kim et al. (1993). Antibiotics (Kanamycin 50 
/zg/ml) was replaced by penicillin and streptomycin. A 
modified Tyrode's (mTLP) solution was used fbr the 
development medium which was comprised of 110.0 mM 
NaCl, 3.2 mM KC1, 0.5 mM MgCl26H2O, 25 mM 
NaHCO3, 5.0 mM sodium-lactate, 0.5 mM sodium 
pyruvate, 2.0 mM CaCl2 • 2H2O and antibiotics. This 
medium was essentially same as TLP-PVA (Polyvinyl 
Alcohol) (Bavister., 1981, Kim et al., 1993). These media 
were supplemented with various chemicals according to 
the different experiments and sterilized filtering through a 
0.2 “m microfilter (Green Cross Medical Corp, KOREA). 2

2) Oocyte maturation

Bovine ovaries were obtained from Hanwoo or 
Holstein cows at a local slaughterhouse. A syringe 
(Becton-Dickinson, Singapore) connected with 18 gauge 
needle was used fbr aspiration of follicular fluids. The 
follicular fluids were deposited to 15 mm petri dish 
(Green cross medical corp., KOREA) containing a little 
amount of TCM-199 supplemented with 10% FBS. 
Oocytes were selected according to the general 
appearance of cytoplasm and cumulus cells under a 
dissecting microscope and washed three times with 
maturation medium (Leibfried and First, 1979). Selected 
cumulus-oocytes complexes were transferred into 5 ml 
maturation medium which had been preincubated fbr 24 
hr in 60 mm tissue culture dish (Falcon, USA). Oocytes 
were cultured in CO2 incubator (5% CO2: 95% air with 
humidity at 39°C) for 24 hr.

3) In vitro fertilization and development
One 0.5 ml straw of frozen semen was thawed in a 

water bath at 37C and then pooled in a 15 ml tube 
(Falcon, USA). The semen was diluted with BO medium 
containing 10 mM caffeine (Sigma, USA) and washed 
twice by centrifugation at 500 g for 10 min (Brackett and 
Oliphant, 1975). After centrifugation, the supernatant was 
removed. Motile sperm were obtained by means of a 
percoll gradient. The pellet containing motile sperm was 
washed with BO medium. After maturation, the oocytes 
were washed 2 times with BO medium. The oocytes 
transferred into fertilization medium, which was overnight 
equilibrated. About 15 oocytes were placed in 50 "1 drop 
of fertilization medium under paraffin oil, and then a 50 
“1 of sperm suspension was added. The final sperm 
concentration was 1-2 x 106/ml (Kim et al., 1993). The 
final fertilization medium contained 10 mg/ml BSA, 10 
“g/ml heparin and 5 mM caffeine. At 4 hr post
insemination, the oocytes were washed four times and 10- 
25 oocytes were placed into 0.8 ml development medium 
under paraffin oil in 4-well multidish (Nunc, Denmark). 
At 48±2 hr post-insemination, the cumulus cells were 
removed by repeated aspiration into a pipette and the 
cleavage percent was assessed. The cleaved embryos were 
then placed in the development media. At intervals of 48 
hr postinseminatjon, embryos determined their develop
mental stages under a dissecting microscope. The oocytes 
were cultured in mTLP from 5 to 96-192 hr after 
insemination. During experiments, the oocytes were 
cultured at 39°C in an atmosphere of 5% CO2 with high 
humidity.
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4) Experimental design
To examine effects of pyruvate and lactate on 

cleavage of bovine IVF embryos from 1-cell to 8-cell, the 
inseminated oocytes were cultured in absence or presence 
of pyruvate (0.5 mM) and lactate (5.0 mM). To examine 
effect of calcium in mTLP on cleavage of bovine IVF 
embryos from 1-cell to 8-cell, the inseminated oocytes 
were cultured in absence or presence of calcium (2.0 mM). 
To examine effects of the protein sources on cleavage and 
morphology of bovine IVF embryos from 1-cell to 8-cell, 
the inseminated oocytes were cultured in mTLP with 
BSA 3 mg/ml, 1 or 20% FBS. To examine effects of 
protein source on cleavage and morphology of bovine 
IVF embryos from 8-cell to blastocyst, the inseminated 
oocytes were cultured in mTLP supplemented with BSA 
for 96 hr and then, the > 8-cell embryos were transferred 
into mTLP with BSA, 1, 10 and 20% FBS, and cultured 
for 192 hr after insemination. The embryos with 
symmetrical, equal size and even density blatomeres were 
graded as A and the others were graded as B.

Data of experiments were subjected to an arc-sine 
transfbnnation, and the transformed values were assigned 
for ANOVA. When ANOVA revealed a significant (p < 
0.05) effects, the treatments were compared by Duncan*s 
multiple range test.

RESULTS

1) Effects of pyruvate and lactate
The effects of pyruvate and lactate in mTLP on 

cleavage of bovine IVF embryos were shown in table 1. 
The fertilized oocytes could develope to > 2-cell (22%) 
without pyruvate and lactate. The percenta응e of oocytes 
developed to > 2-cell 아age was significantly (p < 0.05) 
higher in the pyruvate ( —) and lactate (+) (40%) than in 
pyruvate (+) and lactate ( —) (28%). The percentage of 
oocytes developed to > 2-cell stage was higher in 
pyruvate (+) and lactate (+) (48%) than in pyruvate (—) 
and lactate (+) (40%), but was not significantly (p < 0.05) 
different between them. The fertilized oocytes could 
develop to > 8-cell (4%) in the pyruvate ( —) and lactate 
(—).The percentage of oocytes developed to > 8-cell 
was higher in the pyruvate ( —) and lactate (+) (10%) 
than in pyruvate (+) and lactate ( —) (5%), but was not 
significantly (p < 0.05) different between them. The 
percentage of oocytes developed to > 8-cell was 
significantly (p < 0.05) higher in the pyruvate (+) and 
lactate (+) (14%) than in pyruvate (一) and lactate (—) 
(4%).

Table 1. Effects of pyruvate (0.5 mM) or lactate (0.5 
mM) in mTLP on cleavage of bovine IVF embryos

Treatment No. of 
IVF 

embryos

그 2・cell
〔48〕

그 8-cell
〔96]Pyruvate Lactate

— — 78 17(22)a 3( 4 y
+ — 93 26(28)a 5(5)ab
— + 81 32(40)b 8("
+ + 81 39(48尸 ll(14)b

—:Deletion, +: Addition.
[]:the time after insemination (h), ( ): percent.
Different subscripts within column are significantly different (p
< 0.05).

Table 2. Effects of calcium (2.0 mM) in mTLP on 
cleava응e of bovine IVF embryos

Calcium
No. of IVF 

embryos
그 2-cell 

〔48〕
>8-cell

〔96〕

— 67 13(19)a 4( 6 y
+ 67 52(78)b 30(45)b

一 :Deletion, +: Addition.
[]:the time after insemination (h), ( ): percent.
Different subscripts within column are significantly different (p 
< 0.05).

2) Effect of calcium
The effect of calcium in mTLP on cleavage of bovine 

IVF embryos was shown in table 2. The percentage of 
embryos developed to > 2-cell in calcium ( —) or 
calcium (+) was 19 or 78%, respectively. The percentage 
of embryo developed to > 2-cell was significantly (p < 
0.05) higher in calcium (+) than in calcium (—). The 
percentage of embryo developed to > 8-cell in calcium 
(—)or calcium(+) was 6 and 45%, respectively. Also the 
percentage of embryo developed to > 8-cell was 
significantly (p < 0.05) higher in calcium (+) than in 
calcium (-).

3) Effects of protein sources
The effects of protein sources on cleavage of bovine 

IVF embryos from 1-cell to 8-cell were shown in ta비e 3. 
The percentage of embryos developed to > 2-cell in 
BSA, 1 and 20% FBS was 57, 57 and 57%, respectively. 
The percentage was not significantly (p < 0.05) different 
among protein sources. The percentage of embryos 
developed to > 8-cell in BSA, 1 and 20% FBS was 33, 
23 and 22%, respectively. The percentage of A grade 
embryos developed to > 8-cell in BSA, 1 and 20% FBS
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Table 3. Effects of protein sources in mTLP on development of bovine IVF embryos from 1-cell to 8-cell

No. of 그 2-cell [48] 그8・cell〔96]

embryos a B A + B A B A + B
Protein

BSA 3 mg/ml 109 44(40) 18(17)a 62(57) 26(24) 어 10( 9) 36(33)
FBS 1% 120 42(35) 26(22)ab 68(57) 16(13)b H( 9) 27(23)
FBS 20% 120 34(28) 35(29)b 69(57) 9( 8)b 17(14) 26(22)

[]:the time after insemination (h), ( ): percent.
A: the embryos had symmetrical, equal size and even density blastomeres.
B: the embryos had nonsymmetrical, unequal size and uneven density blastomeres.
A + B: sum of A and B.
Different superscripts within column are significantly diff&e가 (p < 0.05).

was 24, 13 and 8%, respectively. The BSA was 
significantly (p < 0.05) higher than the others.

The effects of protein sources on the cleava흥e of 
bovine IVF embryos from 8-cell to blastocyst were shown 
in table 4. The percentage of embryos developed to 
> morula in BSA, 1, 10 and 20% FBS was 76, 76, 80 
and 68%, respectively. The percentage showed no 
significant (p < 0.05) difference among the protein 
sources. The percentage of A grade embryos developed to 
그 morula in BSA, 1, 10 and 20% FBS was 59, 54, 63 

and 43%, respectively. The 10% FBS was significantly (p 
v 0.05) higher than 20% FBS.

The percentage of embryos developed to blastocyst in 
BSA, 1, 10 and 2Q% FBS was 34, 40, 43 and 32%, 
respectively. The percent showed no significant (p < 0.05) 
difference among the protein sources. The perc^nta응e of 
A grade embryo developed to blastocyst in BSA, 1, 1。 
and 20% FBS was 10, 18, 25 and 8%, respectively. The 
20% FBS was significantly (p < 0.05) lower than 10% 
FBS.

Table 4. Effects of protein sources in mTLP on development of bovine IVF embryos from 8-cell to blastocyst

No. of >Morula [144] 그Blastocyst [192]
Protein 8-cell ------------------------------------------------------------ ----------------------------------------------------------

embryos A B A + B A B A + B

BSA 3 mg/r이 41 24(59严 7(17) 31(76)
FBS 1% 45 24(54产 10(22) 34(76)
FBS 10% 40 25(63)a 7(17) 32(80)
FBS 20% 37 16(43)b 9(25) 25(68)
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[]:the time after insemination (h), ( ): percent.
A: the embryos had symmetrical, equal size and even density blastomeres.
B: the embryos had nonsymmetrical, unequal size and uneven density blastomeres.
A + B: sum of A and B.
Different superscripts within column are significantly different (p < 0.05).

DISCUSSION

1) Effect of pyruvate and lactate
It was reported that when lactate and pyruvate were 

deleted from the chemically defined medium the first 
cleavage of bovine 1-cell embryos was completely 
inhibited (Kim et al., 1993). But the cleavage of 1-cell 
bovine embryos was capable even in the absence of both 
substrates (Takahashi and First, 1992). As shown in table 
1, in spite of absence of both lactate and pyruvate, 1-cell 
embryos could develop to 2-cell embryos (22%). It seems 

that the embryos without exogenous lactate and pyruvate 
could developed to > 8 cell stage (4%) in the mTLP. But 
as shown in table 1, both lactate and pyruvate were 
requisite as energy source, which increased the cleavage 
rate of bovine IVF embryos. Both lactate and pyruvate are 
required for in vitro development of mouse (Wajes et al., 
1995), bovine (Takahashi and First, 1992), and ovine 
(Gardner et al., 1993) embryos from 1- or 2-cell to the 
morula or blastocyst, but in the hamster, pyruvate 
inhibited development of 1-cell embryos (McKiernan et 
al., 1991). In the mouse oocyte and zygote, pyruvate is 



DEVELOPMENT OF BOVINE EMBRYOS 659

absolutely required as an energy source (Biggers et al., 
1967). Lactate can be utilized as an energy source from 
the 2-cell embryos and acts synergistically with pyruvate. 
In bovine embryos, lactate looks like more useful than 
pyruvate during development of bovine embryos. The 
usage of lactate preference to pyruvate might be 
associated with conversion of lactate to pyruvate by 
lactate dehydrogenase (LDH) (Rosenkrans, 1993). It 
suggests that pyruvate converted from lactate by LDH 
activates the cleavage of bovine embryos after fertilization, 
and that exogenous pyruvate is not absolutely necessary 
for development of 1-cell to > 8-cell embryos. This fact 
suggests that NADH shuttle is more useful for 
development of early bovine embryos.

2) Effect of calcium
Calcium ions are required for normal in vitro 

fertilization and preimplantation development of the 
mammalian embryos. The effect of calcium upon mouse 
embryonic growth was studied by Zwierzchowski et al. 
(1992), and they suggested that both morphological 
development of the embryos and embryonic DNA 
synthesis were shown to be dependent on the Ca2+ 
concentration in the medium. But it has not well known 
that how calcium in medium mediates the development of 
bovine embryos after insemination. During the early 
cleavage of bovine embryos, it seems that the fertilized 
embiyos may require exogenous calcium source to refill 
the intracellular Ca2+ stores by opening Ca2+ channels in 
the plasma membrane. As shown in table 2, exogenous 
Ca2+ deficiency has decreased the early cleavage 
percentage of bovine embryos during stage, and 2 mM 
calcium had increased the development of bovine 
embryos. This study suggested that both Ca2+ existence 
and flux to cellular site are required for normal bovine 
early preimplantation development.

3) Effects of protein sources
The beneficial effects of serum on the late 

development of bovine embryos had reported by 
Pinyopummintr and Bavister (1995). But Pinyopummintr 
et al. (1991) found that serum inhibits the development of 
bovine embryos at or before the first cleavage. To 
determine the effects of protein sources in culture 
medium, this study was investigated. As shown in table 3, 
the percentage of embryos developed to > 2-cell was not 
significantly (p < 0.05) different among protein sources, 
but A grage embryos developed to 8-cell was 
significantly higher (p < 0.05) in BSA than in FBS. And 

as shown in table 4, the percentage of embryos developed 
to > morula in 10% FBS was higher than in 20% FBS. 
This study suggested that two-step culture system was 
better than one-step culture system for bovine embryo 
development, which could supply energy substrate in right 
time.
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