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Development of in vitro produced bovine embryos in four different culture media 
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ABSTRACT 

The objective of this study was to compare the de\eIopmentai ability of embryos in 4 different media, CR I aa, 
modified CR2, BCEM-g and TCM-199. Bovine oocytes were matured and then fertilized in vitro. A total of915 oocytes 
were used for fertilizatiqn, 681 (74%) of which/cleaved, The 2-cell embryos were divided into 4 groups, and cultured in 
I of the 4 different culture media. Percentage of development to morula-blastocyst stage from the 2 cell stage were 
determined as 46. 31,30 and 28% for CRI aa, CR2, BCEM-g and TCM-I99 culture media respectively. The development 
rate obtained with CR I aa was significantly'higher (P<O.O I) compared to that with the other media. 
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In vitro embryo production (IVP) is vt;ry useful and 
important tool employed for mass production of embryos for 
both commercial and research purposes. Culturing embryos 
with a consistent rate of blastocyst development is very 
important for laboratories. However, the number of blastocyst 
producted through an IVP system changes from one 
laboratory to another, even the same technique or media is 
used by different laboratories (Leibfried-~utledge et al. 1997, 
Gardner 1998). 

Embryo culture media can be classified into 2 groups, 
simple and complex media. Simple media ace well-defined 
salt solutions i.e. CR I aa, CZB Menezo's B2. These media 
can be easily prepared in the laboratory and they are generally 
supplemented wi~h protein sources such (1S serum or BSA. 
Despite its beneficial effects on embryo development, protein 
supplementation makes media poorly defined. Simple media 
are especially useful to elucidate factors affecting early 
embryo development. Nevertheless, better understanding of 
nutritional requirements of embryos can only be achieved by 
using completely defined, protein-free media, which makes 
new culture media formulations highly effective (Krisher e! 
af. 1990). 

Complex media i.e., TCM-199 and Ham's FlO, containing 
mixtures of amino acids and other ingredients, may not always 
support the optimal conditions for embryo development. 
These media are usually supplemented with serum when used 
for embryo culture, which caused undefined conditions. 
Therefore, examination of the nutritional requirements of 
embryos becomes difficult or impossible, and this is partly 
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responsible for variabil ity in the development rate of embryos. 
In addition, it has been proved that hypoxanthine present in 
complex media at levels of 6-30 J..tl/ml is a significant factor 
in the encouragement of blocking development (Gordon 
1994). 

Energy sources are important in embryo culture. Pyruvate, 
lactate and amino acids are the preferred energy substrates of 
the early cleavage stage embryos and glucose has inhibitory 
effect during this time. Around the compaction event, glucose 
uptake and utilization by embryos increase, and blastocyst 
stage embryos have the ability to metabolize glucose both 
oxidatively and by aerobic glycolysis. However, glucose is 
required for the synthesis of phospholipids and 
triacylglycerols and to supply precursor for complex sugars 
of mucopolysaccharides and glycoproteins. Also, glucose 
plays an important role in the production of nucleic acids and 
NADPH. Therefore, complete removal of glucose from 
culture media is unlikely to benefit the embryos (Gardner 
1998, Thompson 2000). 

Understanding and improvements in conditions for the 
vitro culture of embryos can be expected to increase the yield 
of viable transferable stage blastocysts. This study was 
designed to compare the efficacy of 4 different il1 vitro culture 
media, viz. CR 1 aa (Rosenkrans et al. 1993), modified CR2 
(Wang e! af. 1997), BCEM-g (Park e! al. 1997) and TCM-
199 (Wang e! af. 1997) to support embryo development from 
2-cell to blastocyst stage. ' 

MATERIALS AND METHODS 

Ovaries were obtained from a local slaughterhouse and 
transported in saline (0.9% NaCI; 30±2°C) within 3-4hl". 
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Oocytes were aspirated from 2-6 mm follicles by means 'of 
an 18-g needle attached to a 10 ml syringe. Aspirated follicular 
contents were placed in a 100 mm plates and searched for 
oocytes under a stereomicroscope in a warm room (30±2~C). 
Oocytes were first washed 3-times in TL-HEPES (Bavlster 
et al. 1983), and then transferred to maturation plates. Groups 
of 10 oocytes were cultured in 50 fll drops of maturation 
medium consisting of TCM-199+ 10% FCS+2mM 
glutamine+0.25 mM Na-pyruvate+0.5flg/ml FSH+5flg/ml 
.FSH+5~lg/ml LH+gentamycin under mineral oil. 

A gradient system was utilized to isolate motile sperm. 
Five hundred fll of90% Percoll was pipetted to the bottom of 
a 1.5 ml centrifuge tube, and 500fll of 45% Percoll was 
carefully situated on top. Two straws of frozen sperm were 
first thawed at 35°C for I min and then layered onto the Percoll 
gradient. After that, the tube including the Percoll was 
centrifuged at 700xg for IS min at room temperature. The 
pellet having live sperm was recovered, and sperm 
concentration was figured out using a haemocytometer. Sperm 
was then diluted to 50x 106 spermatozalml in TL-HEPES. 
Fertilization of oocytes was carried out as described by Parrish 
et al. (1988). Briefly, after 20-24 hr incubation in maturation 
medium at 39°C in a humidified atmosphere of 5% CO

2 
in 

air, the oocytes were washed twice in TL-HEPES and then 
placed in 44 fll fertilization drops under mineral oil.. Eac.h 
drop contained 10 oocytes. Fertilization medium used In this 
study was modified Tyrode's based medium including 0.2 
mM Na-pyruvate, 6 mg/ml fatty acid free-bovine serum 
albumin (BSA-FAF) and 25 Ilg/ml gentamycin. A 2111 aliquot 
of sperm suspension was added into each fertilization drop 
to obtain final concentration of l.Ox 106 sperm cells/m!. 
Following sperm addition, 2111 ofPHE (20 flM penicillamine, 
10 flM hypotaurine and 1 flM epinephrine) and 2 III of 2 Ilg/ 
rnl heparin were also added. Oocytes and sperm cells were 
co-cultured for 48 hr (Parrish et al. 1988). 

After this, the cumulus cells were removed by transferring 
the embryos to a 1.5 ml eppendorftube, and vortexing a high 
speed for approximately 3 min. Two-cell stage embryos were 
then randomly divided into 4 groups and cultured in CRlaa, 
modified CR2, BCEM-g and TCM-199 media. CRI aa 
contained 114.6 mM NaCI, 3.1 mM KCI, 26.1 mM NaHCO

J
, 

5 mM hernicalcium lactate, I mM L-glutamine, 0.4 mM Na
pyruvate, 3 mg/ml BSA-FAF, 10 fll/ml I OOxMEM, 20 Ill/ml 
50xBME and 25 Ilg/ml gentamycin. Modified CR2 was used 
with slight modification and composed of 108.3 mM NaCI, 
2.9 mM KCI, 24.9 mM NaHCOp 2.5 mM hemicalcium 
lactate. 0.5 mM Na-pyruvate, I mM L-glutamine, 10 Ill/ml 
100xMEM, 20 Ill/ml 50xBME and 25 Ilg/ml gentamycin. 
BCEM-g medium consisted of89 mM NaCl, 3.2 mM KCl, 2 
mM CaCI 2, 0.5 mM MgCI

2
, 25 mM NaHCO

J
, 0.35 mM NaH

2 
PO" 10 mM Na-Iactate, 0.5 mM Na-pyruvate, 1 mM L
g~utamine, 10 IlI/mIIOOxMEM, 20 IlllmI50xBME, 1 mg/ml 
po: .. · Il~; !llcohol (PYA) and 25 Ilg/ml gentamycin. Finally, 
IC'.,'-1'1'~ \ :)<; c;urpl~mented with 2 mM L-glutamine, 0.25 

mM Na-pyruvate, 10% FCS and 25 pg!ml gentam),cin. 
To <..Ulture the 2-cell embry()s, 50 III drops of each culture 

medium were prepared and covered with mineral oil. CR I aa 
and BCEM-g media were supplemented with 10% FCS at 
day 4 of culture. The day of fertilization was considered as 
day O. The embryos were examined daily and the number of 
those reaching the morula-blastocyst stage was recorded. 

Experiments were replicated 6 times. For statistical 
analyses, X2 test was used. 

RESULTS AND D[SCUSS[ON 

Numbers and percentages of cleaved and the morula
blastocyst stage embryos were shown in Table 1. [n the present 
study, a total of915 oocytes were fertilized and 681 (74%) of 
them cleaved. This cleavage rate was comparable to that of 
earlier studies (Hawk and Wall 1994, Wang et al. 1997, 
Sagirkaya 1998, Thompson et al. 1998). Percentages of 
development to the morula-blastocyst stage were found 46, 
31, 30, 28% for CR 1 aa, modified CR2, BCEM-g and TCM-
199 culture media respectively. The difference between 
CR I aa and the other media was significantly important 
(P<O.OI). Only TCM-199 was a complex medium and the 
others were simple medium. TCM-199 was supplemented 
with 10% FCS from the beginning of culture period. It has 
been shown that FCS has a biphasic effect on bovine embryo 
development during culture. The presence of FCS inhibits 
development during early cleavage, but development is 
advanced when FCS is present from the start of compaction 
(Thompson et al. 1998). FCS has a concentration of 5.56 m~ 
glucose, and it was suggested that this level of glucose IS 

detrimental to early embryo development (Takahasi and First 
1992). In addition, the presence of hypoxanthine in TCM-
199 affects development negatively (Gordon 1994). These 
effects might be responsible for lower development rate 
observed in TCM-199. 

Among simple culture media, CR I aa contained BSA from 
the beainning of culture period, and BCEM-g included PY A 
instead of BSA. Both media were supplemented with 10% 

Table I. Fertilization of bovine oocytes and their development to 
the morula-blastocyst stage in CR 1 aa, CR2. BCEM-g and TCM-

199 culture media 

No. of No. of2-cell Culture No. of No. of 
fertilized embryos media cultured morula-
oocytes (%) two-cell blastocyst 

embryos (%) 

CRlaa 190 116 (46)' 
915 681 (74) CR2 198 83 (31)b 

BCEM-g 142 55 (30)b 
TCM-199 151 58 (28)b 

Different superscripts in the same column differ significantly 
(P<O.OI). 



March 2002] EMBRYO DEVELOPMENT IN DIFFERENT CULTURES 229 

FCS on day 4. Supplementation of media with protein is 

beneficial for embryo development. FCS and BSA are 2 
commonly used protein sources (Wang el al. 1997). Beneficial 

effect of protein supplementation might be responsible for 

higher development rate in CR I aa. In most studies, it was 

reported that development rates of embryos are generally 

lower following in-vitro development in PYA-supplemented 

medium than in BSA-supplemented medium (Krisher et al. 
1999, Lonergan et af. 1999). This could be the reason of low 

development rate obtained from BCEM-g medium. 

[n conclusion, it is an important task to attempt and start 

to optimize a medium that will support early life in [VF 
laboratories. Our results suggested that CRlaa medium is 

better choice than the other media. However, further studies 

are important to evaluate the nutritional requirements of 

embryos druing early embryonic development intvitro and 

to increase the yield of good' quality blastocyst fbr transfer. . 
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