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The effect of simple and sequential embryo culture media on the preimplantation 
development of mouse nuclear transfer (NT) embryos reconstructed with cumulus 
cell nuclei using a mechanical NT technique was studied. Blastocyst formation rate 
was evaluated using CZB medium. Nonmanipulated and sham-manipulated 
parthenogenetic embryos served as controls for, respectively, the medium and the 
handling technique. Rates of blastocyst formation for medium and handling control 
embryos were similar in CZB (50% and 53%). Development of NT embryos was 
significantly impaired from the two-cell stage onwards, reaching the blastocyst stage at 
a rate of 4% in CZB. These data demonstrate not only that NT embryos are more 
sensitive to in vitro culture conditions than parthenogenetic control embryos but also 
that selection of culture media can influence the preimplantation development of NT 
embryos. 
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Introduction 

 
The biological aspects and the culture requirements for cloning in general and 

mouse cloning in particular are still poorly understood and need further 
investigation. A limited number of research groups has been successful in cloning 
the mouse embryos using adult somatic cells. Moreover, the rate of full-term 
development per transferred embryo is generally not greater than 5%. The rate of 
preimplantation development of nuclear transfer (NT) embryos varies widely among 
different research groups. While certain groups report a 40-60% morula/blastocyst 
formation rate, others fail to obtain development beyond the four-cell stage or report a 
very limited rate of blastocyst formation. It is clear that preimplantation development 
of NT embryos is lower than that of in vivo or in vitro fertilized ova or 
parthenogenetic mouse embryos, which can reach the morula/blastocyst stage at a rate 
of 83-99% when appropriate culture conditions are used. Several culture media have 
been designed to support the in vitro development of mouse embryos from the zygote 
to the blastocyst stage, including CZB media. In the present study, we investigated the 
effect of simple and sequential media on the developmental potential of mouse 
embryos produced by NT of cumulus cell nuclei. 
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Materials and Methods 
 

In this experiment the development of NT embryo was studied using a simple 
mouse-designed medium CZB. This CZB was prepared in the laboratory; it had a high 
glucose content (5.5 mM) and was supplemented with 4 mg/mL bovine serum 
albumin. Handling of donor cells and recipient oocytes was done in CZB Hepes, 
prepared in the laboratory. All reagents used for the preparation of media were from 
Sigma, unless stated otherwise. Freshly made media were stored at 4°C and were used 
for up to 1 month. In vitro culture was done at 37°C under 5% CO2 in air. 

Three study groups of sibling mouse oocytes were set up: 
Nuclear transfer (NT): Partial zona-dissected (PZD) and enucleated oocytes 

injected with a cumulus cell nucleus. 
Handling control (HC): Sham-manipulated oocytes subjected to PZD, sham 

enucleation (cytoplasm removal), and sham injection of injection medium. 
Medium control (MC):  Oocytes not subjected to NT micromanipulation 

procedures. 
HC and MC groups thus consisted of partheno-genetically activated control 

oocytes. 
As biological material we used mouse female of albino type of 7-12 weeks of 

age. 
Superovulation was induced by injection of 10 IU of Pregnant Mare Serum 

Gonadotrophin (PMSG), followed by 10 IU of Human Chorionic Gonadotropin 
(HCG) 48 h later. Between 13 and 14 h post hCG, cumulus-oocyte complexes were 
recovered from oviducts. Cumulus cells and oocytes were processed in CZB Hepes. 
Cumulus cells were removed of the metaphase II-arrested oocytes by treatment 
with bovine testicular hyaluronidase (200 IU/mL) in Hepes-buffered medium for 6 
min. After rinsing in Hepes-buffered medium, good quality oocytes were kept in the 
incubator (37°C, 5% CO2 in air) in CZB. The cumulus cells that were to serve as 
donors of nuclei were washed two times with Hepes-buffered medium by 
centrifugation at 3.200 rpm for 10 sec and were kept in Hepes-buffered medium in the 
manipulation dish at room temperature. An 8% polyvinylpyrrolidone solution was 
added to cumulus cells in Hepes-buffered medium for between 10 min and 1 h prior to 
injection, allowing the cells to spread to the bottom of the dish. Only cells estimated as 
middle-sized  

The nuclear transfer procedure was undertaken as follows:  
PZD: A tangential slit was made in the zona pellicuda with a sharp needle 

in the region above the metaphase plate. 
Enucleation: The chromosome-spindle complex, visible as a translucent 

region in the oocyte's cytoplasm, was removed with a blunt pipette in Hepes-
buffered medium containing 1 /µg/mL cytochalasine D to prevent oocyte damage. 
Enucleated oocytes were washed in Hepes-buffered medium and transferred to the 
incubator at 37°C for up to 3 h in CZB. 

Injection: This injection was carried out in Hepes-buffered medium 
supplemented with 20% fetal calf serum using a blunt pipette on an inverted 
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microscope. After cooling the oocytes for 15 min, the nucleus of the flattened 
cumulus cell was freed from surrounding cytoplasm by repeated aspirations in and out 
of the needle. Then a deep invagination of the oolemma was made with the injection 
pipette. After the oolema was broken by gentle suction of the ooplasm, the cumulus 
cell nucleus was expelled into the ooplasm in a minimal amount of accompanying 
injection medium. In the sham-manipulated oocytes, a minimal amount of injection 
medium was injected. The nucleus-injected oocytes and sham- manipulated controls 
were kept in the injection medium (Hepes-buffered medium with 20% FCS) for 15 
min on the cooled microscope stage, then stored at room temperature for 15 min and 
finally transferred to CZB for incubation at 370C. Activation of oocytes was done 
in Ca2+-free CZB in the first experiment. Briefly, after incubation at 37°C in 
CZB for up to 3 h after injection, NT and HC reconstructed oocytes, and MC 
oocytes were placed in Ca2+-free. Briefly, after incubation at 37°C in CZB for up 
to 3 h after injection, NT and HC reconstructed oocytes, and MC oocytes were 
placed in Ca2+-free CZB. Check-up in vitro culture was performed at 24 h (2-
cell), 48 h (4-cell), 72 h (morula) and 96 h (blastocyst) after start activation 
time. 

Results and discussions 

The ability of CZB medium to support preimplantation development of 
NT versus control embryos was assessed in table 1. NT embryos cultured in 
CZB medium blastocyst developmental rate of only 4%, which is lower than in 
the two control groups. Only 40% of two-cell NT embryos reached the four-cell 
stage versus 93% in the HC group and 93% in the MC group. Four-cell stage 
control embryos reached the morula stage at a high rate (85% for HC and 92% 
for MC). There was no major difference in developmental potential between 
the two control groups, although blastocyst developmental rates were not 
satisfactory (53% in HC and 50% in MC). 

Table 1.  
Development of Nuclear Transfer reconstructed mouse embryos in CZB 

media  
 

Group No. of 
oocytes 

Development stage  
2 cell 4 cell Morula Blastocyst 

n % n % n % n % 
NT 25  20 80 8 32 4 16 1 4 
HC 17  14 85 13 76 11 65 9 53 
MC 16  14 86 13 81 12 75 8 50 

 

Our results show and confirm previous findings that blastocyst formation rates 
are consistently lower for NT embryos than for control parthenogenetic embryos 
irrespective of the medium. 

In our study, the rate of blastocyst formation in the NT group (4%) was 
significantly lower than for parthenogenetic (50%) embryos in CZB. Simple mouse-
specific media such as CZB were designed to optimize development of the 
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fertilized ovum to the blastocyst stage for in vivo or in vitro fertilized or 
parthenogenetic embryos. 

Conclusions 
 

 Our data demonstrate that NT embryos are more sensitive to the in vitro 
environment than are parthenogenetic embryos and that modification of in vitro 
culture conditions, not noticed by control embryos, do have a significant influence 
on development of NT embryos. 
 By selection of optimal culture conditions, it is possible to improve the 
preimplantation development on NT embryos to the blastocyst stage. 
 It remains to be established which factors in the culture media are responsible 
for this differential sensitivity and whether blastocyst quality, post implantation 
and postnatal development of NT embryos will also be affected by the choice of 
culture medium. 
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Am studiat efectul simplu sau secvenţial a mediului de cultură CZB asupra embrionilor de 
şoarece reconstruiţi prin transferul de nuclei cu nuclei din celulele cumulare utilizând 
tehnica transferului de nuclei. A fost evaluată rata formării blastociştilor utilizând mediul 
CZB. Embrionii partenogenetici nemanipulaţi şi cei la care s-a simulat manipularea au 
servit ca control pentru mediu şi tehnica manipulării. Rata formării blastociştilor pentru 
mediu şi controlul manipulării  în CZB a fost de 50% şi respectiv 53%, iar dezvoltarea 
embrionilor obţinuţi prin transfer nuclear a fost semnificativ diminuată la embrionii de 
două celule, astfel că rata obţinerii  de blastocisti a fost de 4%. Aceste date demonstrează 
că nu numai embrionii obţinuţi prin transfer nuclear sunt foarte sensibili la condiţiile de 
cultură in vitro dar şi mediul de cultură poate influenţa dezvoltarea embrionilor obţinuţi 
prin transferul nuclear. 
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