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Abstract
Spatial and temporal synchrony and compatibility between the receptor oocyte and the donor cell 
nucleus are necessary for the process of embryo cloning to allow nuclear reprogramming and early 
embryonic development. The objective of the present study was to evaluate three cell cycle 
synchronization methods on a primary bovine fibroblast culture for 24, 48, or 72 h. These fibroblasts 
were used as nuclear donors to evaluate their in vitro developmental potential and the quality of the 
embryos produced through handmade cloning (HMC). No differences were found between the 
methods used for fibroblast synchronization in G0/G1 (p > 0.05). Production of clones from 
fibroblasts in four groups– no treatment at 0 h and using serum restriction SR, high culture confluence
HCC, and SR+HCC at 24 h– resulted in high cleavage rates that were not different. Embryo 
production rates were 37.9%, 29.5%, and 30.9% in the 0h, SR24h, and SR+HHC24h groups, 
respectively, and 19.3% in the HCC group, which was significantly different from the other three (p 
< 0.05). There were no differences in the quality parameter among the clones produced with 
fibroblasts subjected to the different synchronization. Finally, when overall clone production was 
compared versus parthenotes and IVF embryos, the only difference was between clones and 
parthenogenetic embryos with zona pellucida (30.2% vs 38.6%). The number of blastomeres from 
the blastocytes produced through IVF was significantly greater than those from embryos activated 
parthenogenetically and from clones (117, 80, 75.9, and 67.1, respectively).  The evaluation of three 
synchronization methods at different time points did not demonstrate an increase in the percentage of 
fibroblasts in the G0/G1 phases of the cell cycle; however, good quality and high cloning rates were 
obtained, suggesting that it is not always necessary to subject the cells to any synchronization 
treatments, as they would yield equally good cloning results.
Keywords: cellular reprogramming; cloning organism; parthenogenesis.

Resumo
A sincronia espacial e temporal e a compatibilidade entre o oócito receptor e o núcleo celular doador 
são necessárias para o processo de clonagem de embriões a fim de permitir a reprogramação nuclear 
e o desenvolvimento embrionário precoce. O objetivo do presente estudo foi avaliar três métodos de 
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sincronização do ciclo celular em uma cultura primária de fibroblastos bovinos durante 24, 48 ou 72 
h. Estes fibroblastos foram utilizados como doadores nucleares para avaliar o seu potencial de 
desenvolvimento in vitro e a qualidade dos embriões produzidos por meio da técnica de Handmade 
cloning (HMC). Não foram encontradas diferenças entre os métodos utilizados para a sincronização 
de fibroblastos em G0 / G1 (p> 0,05). Produção de clones de fibroblastos nos quatro grupos – sem 
tratamento a 0 h e com restrição de soro RS, alta confluência celular ACC e RS + ACC às 24 h –
resultou em altas taxas de clivagem que não foram diferentes. As taxas de produção de embriões 
foram de 37,9%, 29,5% e 30,9% nos grupos 0h, RS24h e RS + ACC24h, respectivamente, e 19,3% 
no grupo ACC, que foi significativamente diferente dos outros três (p <0,05). Não houve diferenças 
no parâmetro de qualidade entre os clones produzidos com fibroblastos submetidos à sincronização 
diferente. Finalmente, quando a produção geral de clones foi comparada versus partenotos e embriões 
de FIV, a única diferença foi entre clones e embriões partenogênicos com zona pelúcida (30,2% vs 
38,6%). O número de blastômeros dos blastocitos produzidos através da FIV foi significativamente 
maior do que os de embriões ativados partenogeneticamente e de clones (117, 80, 75,9 e 67,1, 
respectivamente). A avaliação de três métodos de sincronização em diferentes pontos de tempo não 
demonstrou um aumento na porcentagem de fibroblastos nas fases G0/G1 do ciclo celular. No 
entanto, obteve-se boa qualidade e altas taxas de clonagem, sugerindo que nem sempre é necessário 
submeter as células a quaisquer tratamentos de sincronização, uma vez que renderiam resultados de 
clonagem igualmente bons.
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Introduction

Cloning allows the manipulation of genetically and phenotypically superior animals, the generation 
of transgenic animals, and the preservation of species on the verge of extinction, It also allows the 
study of early embryonic development, cellular programming, and the creation of biomedical 
models(1,2). Most often, researchers rely on somatic cell nuclear transfer (SCNT) for their cloning 
needs(3-5). The technique is performed using micromanipulators operated by highly qualified 
personnel, making it costly and difficult to access(6). As an alternative, a technique known as 
handmade cloning (HMC) has been developed, wherein cloning is performed using a simpler and 
more affordable methodology, avoiding the use of micromanipulators. This alternative technique
results in birth rates comparable, and sometimes superior, to those achieved through traditional 
cloning. This technique can accelerate the transfer and standardization of technology and can 
contribute to the widespread application of cloning(7,8). 

Nevertheless, the efficiency of this biotechnology with regards to embryo production and the birth of 
completely healthy animals is still low and unstable(6), with reports of fetal and placental anomalies 
and miscarriage(9-10). These limitations have been attributed to a variety of factors, one of the most 
important of them is reprogramming the donor cell(11). Until now, little had been known about the 
cellular and molecular events that could be involved in the genomic reprogramming of an adult 
somatic cell to allow it to direct embryonic and fetal development. What is clear is that there must be 
a coordination between the cell cycle of the donor cell and the cytoplasm of the receptor oocyte to 
achieve successful development post-reconstruction(12).



3

Cienc. anim. bras., Goiânia, v.19, 1-17, e-48555, 2018

GOMEZ, N.A. et al.

During nuclear transfer, the ideal stage of the donor cell should be G0/G1, and the receptor oocytes 
have not been activated yet in metaphase II (MII)(13). The use of donor cells at other phases of the cell
cycle generally leads to poor embryonic development after cloning, often due to either the 
pulverization of chromosomes caused by premature condensation during the S phase or aneuploidy 
during the G2/M phases(14,15).

Various methods of cell synchronization have been used as the addition of mimosine, which is an 
alkaloid that stops cells in late G1 phase(16).  Roscovitine is a potent aminopurine inhibitor of CDK1 
/ cyclin B, CDK2, and CDK5, thereby synchronizing the cells in G0 / G1. Lovastatin is a drug that 
arrests the cells in G1(17). These chemicals are usually toxic and, in some cell lines, they generate 
apoptosis. Therefore, alternatives are necessary, such as serum restriction(18,19), which acts on the cells 
causing them to stop at G0 and suspend the transcription, and high cellular confluence that causes 
cycle inhibition by cell-to-cell contact(20-22).  These two methodologies have been used in several 
species with different results.  For example, in cattle, Gerger et al.(22) found the percentage of 
blastocysts was increased linearly when fibroblasts were used in HMC with progressive increase of 
cellular confluence. On the other hand, serum restriction has been effective in different experiments 
allowing good cycle synchronization(15,19). However, other researchers have found its use could 
generate the activation of pro-apoptotic processes, which triggers DNA fragmentation and is
detrimental to embryonic development(14).

Very few studies have reported the phase of the cell cycle at which the nucleus donor cells were. So 
far, the doubts remain about which is the best method of synchronization of a primary culture of 
fibroblasts and what is the relationship between them and the embryonic development and quality 
after the cloning procedure.  Another important aspect to be taken into account within HMC is that 
the oocytes are highly manipulated and subject to processes that can operate against their cellular 
viability. Because of these factors, it is important to use parallel processes, such as the production of 
parthenogenetic and in vitro-fertilized embryos to maintain control over the quality of the selected 
oocytes, their activation capacity, and their ability to allow for early embryonic development. 

Therefore, the purpose of our study was to evaluate the efficiency of cell cycle synchronization of 
bovine nuclear donor fibroblasts and the capacity to produce in vitro HMC embryos reconstructed 
using these cells. In addition, another objective was to compare this production method with that of 
bovine embryos obtained by in vitro fertilization (IVF) and parthenogenesis.

Materials and Methods  

A complete ear of a heifer was collected from the local slaughterhouse and transported in phosphate-
buffered saline (PBS) with 20 mg/mL streptomycin and 12.53 mg/mL penicillin (SP). After washing 
and shaving the ear, it was cut into ~3-mm-thick pieces, which were then transferred to a 6-well dish
(4-5 explants per well) with 1 mL DMEM (Dulbecco's Modified Eagle Medium) culture medium 
supplemented with 10% bovine fetal serum (FBS, Gibco) and SP. The explants were incubated at 
38.8 °C with 5% CO2 and 90% relative humidity until they reached >90% confluence, which occurred 
approximately two weeks after cultivation (Figure 1A). The explants were removed, and the cells 
were detached with 0.25% trypsin and 5 mM EDTA for 2 to 3 min.

Cell passage was performed in a T25 culture flask, and when approximately 100% confluence was 
obtained, the cells were frozen with DMEM supplemented with 20% FBS and 10% dimethyl 
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sulfoxide (DMSO) in 0.25 mL straws, with 200,000 cells/straw for cell synchronization treatments, 
and 30,000 cells/straw for the HMC reconstruction process. The tubes were stored in liquid nitrogen
(-196 °C). During cell passage and the freezing and unfreezing processes, cellular viability was 
determined using a 0.4% Trypan Blue solution at a 1:1 ratio, where the numbers of living (unstained) 
and dead (stained) cells were calculated(23,24) (Figure 1B).  

The vimentin gene expresses an intermediate filament protein characteristic of fibroblasts. To verify 
that the type of cells isolated and cultured corresponded to fibroblasts, DNA extraction and analysis 
were performed to determine if this gene was expressed(25). Extraction was performed by centrifuging 
the detached cells twice with PBS to eliminate any residual culture medium that could interfere with 
the PCR. The pellet was then resuspended in 200 µL of PBS, and total DNA extraction was performed 
using a DNeasy Blood and Tissue kit (QIAGEN Inc., Valencia, CA, USA) following the 
manufacturer’s instructions.  Amplification of the Bos taurus vimentin gene occurred using primers 
derived from the cDNA of the Bubalus bubalis vimentin gene (access number XM 006052364.1).

PCR was performed using 2.5 mM MgCl2, a 1X concentration of a 10X buffer with Tris-HCl, Triton 
X-100, and KCl (pH 8.8) (Fermentas, CA, USA), 0.15 mM of each primer, 0.5 mM of each dNTP, 
1.5 U of Taq DNA polymerase (5 IU/µL, Fermentas Taq DNA Recombinant Polymerase, CA, USA), 
and 5 µL of DNA and it was adjusted with nuclease-free water until reaching a final volume of 25 µL.  
The amplification was completed in a PTC 200 thermocycler (Perkin-Elmer Inc., San Jose, CA, 
USA). The conditions consisted of an initial denaturing temperature of 95 °C for 7 min, followed by 
30 cycles of denaturing at 95 °C for 30 seconds, an annealing temperature of 54 °C for 1 min, and 
extension at 72 °C per min. The PCR products (690 bp) were analyzed in a 1% agarose gel with 0.5 
µg/mL ethidium bromide and were detected under UV light with an imager (Model M-10E, UVP, 
Upland, CA, USA). The products showed bands of 690 bp, corresponding to vimentin (data not 
shown) according to the Gene Ruler 50 bp Ladder (Thermofisher Scientific, MA, USA).

Once the post-thaw culture had been established, it underwent passage in a T25 flask. When the 
culture reached ~90-100% confluence, it was trypsinized, evaluated for cellular viability, and used to 
seed 10 wells with 1.5 mL medium at a concentration of 40,000 cells/mL in 6-well dishes. On the 
same day this culture was performed, a first well was also trypsinized to evaluate the cell cycle at 0 h,
as explained below.  Cells were then subjected to four treatments: a) control, performed when 
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evaluating at 0h; b) serum restriction (SR): when three of the wells reached ~50-60% confluence, 
the medium (DMEM + 20% FBS + 10%) was replaced by another medium containing 0.5% FSB. At 
24 h, one well was trypsinized to evaluate the cells for flow cytometry; this process was repeated at 
48 and 72 h; c) high culture confluence (HCC): when three of the wells reached >95% confluence, 
one of them was trypsinized for cells evaluation of flow cytometry; the same process was repeated at 
48 and 72 h; d) Serum restriction+high culture confluence (SR+HCC): one cell culture was used 
to do simultaneously both the SR + HCC procedures; cell evaluation was performed as described in 
b and c.

After the cells were trypsinized, they were fixed with ethanol at 90%; resuspended in a solution of 
50 µg/mL propidium iodide (Sigma) + 2 mg/mL RNase A and incubated at room temperature for 
30 min in the dark(26). The cells were taken to the flow cytometer and analyzed using Flow Jo 
software. Doublet discrimination was performed using FSC-H vs FSC-A analysis on the presumed 
doublet. Events with double FSC-A signal compared to FSC-H were cataloged as aggregates. Five 
repetitions were made in total. Since flow cytometry analysis showed a cell population with a high 
amount of DNA (>4C), thin cell layer cultures were performed on the three culture systems (SR, 
HCC, and SR + HCC) over the same three periods (24, 48, and 72 h); afterwards, they were subjected
to a solution of 50 µg/mL propidium iodide and were evaluated using fluorescent microscopy, 
revealing the presence of binucleated cells (Figure 2).

In total, 12 HMC procedures, 12 IVF procedures, and 12 parthenogenesis procedures were performed.
For the in vitro maturation (IVM), oocytes were obtained from the ovaries of cows euthanized at the 
local slaughterhouse. The ovaries were transported in a 0.9% sterile saline solution at 30 °C. Follicles 
between 2 and 7 mm in diameter were aspirated with an 18G needle; the follicular liquid was 
deposited into a 15-mL conical tube and was allowed to decant for 20 min. The cumulus-oocyte 
complexes (COCs) with homogeneous ooplasma, round morphologies, and at least three compact 
granulosa cell layers were selected for the IVM process(27). Maturation was performed in 70-μL drops 
of the maturation medium TCM-199 supplemented with 10% FBS, 22 µg/mL pyruvate, 1 µg/mL 
luteinizing hormone (LH) and 20 µg/mL follicle-stimulating hormone (FSH); approximately 12 
oocytes were placed into each drop, which were then incubated at 5% CO2, 38.8 ºC and 90% humidity 
for 20 h.  After 20 h of IVM, cumulus expansion was evaluated visually(28). Two groups were 
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removed to initiate the parthenogenesis and cloning processes. 

The remaining oocytes were fertilized by in vitro fertilization (IVF) as follows: the cryopreserved 
semen of a single bull from the genus BON (Colombian creole breed in Spanish Blanco Oreji-Negro) 
was used for all of the copies. For each process, a straw was thawed in water at 35 °C for 1 min. The 
semen was then deposited into Tyrode’s albumin lactate pyruvate medium for sperm (sperm-TALP)
and centrifuged to remove excess diluent used during freezing. The sample was resuspended in 
fertilization medium (fert-TALP) supplemented with 12 µL/mL heparin, 45 µL/mL PHE 
(penicillamine-hypotaurine-epinephrine), and 2.2 mg/mL pyruvate and was centrifuged again. After 
adjusting the final concentration to 1-2 x 106 spermatozoids/mL, 10 µL was deposited into each 
microdrop of 50-µL fert-TALP medium containing the oocytes.  

As for the parthenogenesis, a portion of oocytes (20-50/replication) was obtained that had polar 
bodies but lacked cumulus cells. The oocytes were divided into two equal groups; the first one was 
deposited into drops of base medium (BM: TCM199 Sigma M-2520 with 2.2 mg/mL NaHCO3,
22 µg/mL pyruvate, and 10% FBS + 1X Penicillin/streptomycin) for 26 h of maturation; the second 
one was placed into drops of MB + 0.5% pronase-E (protease) without serum and 0.01% PVA 
(polyvinyl alcohol). To degrade the zona pellucida (ZP), oocytes were withdrawn from this medium 
when 20-30% showed thinning or deformed zona. After 26 h of IVM, both groups were chemically 
activated in drops of BM with 5 mM ionomycin for 5 min, then incubated in CR2 medium with 2% 
FBS, 0.3% BSA, and 2 mM of 6-dimethylaminopurine (6-DMAP) under mineral oil for 4 h and 
cultured in vitro. The parthenotes lacking zona pellucida were cultivated using the WOW (well of 
well) system. To do so a dish was prepared with four wells containing 400 µL of CR2 medium and 
200 µL of mineral oil each, followed by making small indentations at the bottom of each well to 
create microwells. Parthenotes with zona pellucida were cultured in a well with CR2 medium. 

To obtain cytoplasts, 20 h post-IVM, COCs were denuded using smooth pipetting; those that had 
expelled the first polar body (PB) were selected and washed in various BM drops. The COCs were 
incubated for 1 h in drops of BM+10 µg/mL demecolcine for nuclear ejection. The ZP was removed, 
exposing the oocytes to 0.5% pronase in BM without serum + 0.01% PVA for approximately 30 
seconds. A total of 1 to 2 oocytes lacking ZP were placed into microdrops of 5 µL BM + 5 mg/mL
cytochalasin B (CCB) covered in mineral oil (60-80 drops/dish). The oocytes were dissected based 
on visualization of the ejection to complete nucleus removal. The resulting cytoplasm obtained was 
the cytoplast to be used during HMC. Dissection was performed with an Ultra Splitting Sharp knife 
(Bioniche).  

For the embryonic reconstruction, a 100-mm Petri dish was prepared with 4-5 drops of BM, 3 drops 
of BM without serum + 500 µg/mL PHA (phytohemagglutinin). Approximately 10 cytoplasts were 
deposited into one drop of BM, while another drop received the fibroblast suspension previously 
subjected to 0.25% trypsin and washed with BM medium. Cytoplasts (4-6 total) were transferred to 
a drop of PHA; 2-3 of these cytoplasts were then passed to the drop of cellular suspension. Each 
cytoplast was carefully rolled close to a single round cell (fibroblast) with a sealed capillary tube until 
they joined together. The cytoplast-cell duos were returned to the PHA drop and pushed toward 
another single cytoplast until they joined, forming a trio (cytoplast-cell-cytoplast).  

Regarding the electrofusion and activation, each trio was firstly oriented horizontally by means of a 
BLS fusion chamber model GSS-250 (250 µm interelectrode distance) covered in ME medium 
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(fusion medium). Then the trio was subjected to two 25-V, 20-µs square wave pulses,  using a BLS 
CF-150B electrical impulse generator, to perform membrane fusion. The potential zygotes were 
withdrawn from the chamber, washed in BM drops, and individually incubated in ~5 µL of BM under 
mineral oil for 30 to 45 min. The fusion rate was evaluated visually, verifying the formation of a 
single structure. The cells were chemically activated within 26-30 h after the start of IVM using the 
same methods for the parthenogenesis procedure described previously.  After activation, the potential 
zygotes were washed a number of times in culture medium CR2 + 33 µg/mL pyruvate + 5% FBS + 
50 mg/mL BSA and were cultured with the WOW system, being one embryo deposited into each 
microwell and cultured at 38.8 °C, with 5% CO2 and 90% relative humidity for 7 days.  At 72 h in
culture, the cellular division rate (cleavage) was visually evaluated, taking note of those zygotes with 
at least two cells. 

On day 7, the embryo production rate was evaluated for clones, parthenotes with and without zona 
pellucida, and embryos from IVF, taking into account the different stages of development from the 
morula to the expanded blastocyst (Figure 3, A, B, and C). The development stages and embryo 
morphological quality were evaluated according to the guidelines of the International Embryo 
Transfer Society(29).  To determine the number of blastomeres, embryos obtained in all groups were 
fixed in 70% alcohol and stained with 10 µg/mL Hoechst for 5 min. Counting was performed under 
a Zeiss fluorescence microscope; to minimize reading errors, two observers performed the procedure 
twice each, and the values were averaged to assign the number of blastomeres to each embryo (Figure 
3, D, E, and F).  Unless otherwise specified, all reagents were from SIGMA Aldrich, St. Louis, MO, 
USA.

Shapiro-Wilk and Levene’s tests were performed to test the null hypotheses of normality of data 
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distribution and of homogeneity of variance, respectively; one-way ANOVA was then performed to 
determine differences among the average percentages of fibroblasts in the G0/G1 phases, cleavage, 
number of embryos and number of blastomeres among the clones, parthenotes, and IVF embryos. 
Data were analyzed using IBM SPSS Statistics software version 22.0, Armonk, New York United 
States.

Results

Flow cytometry data revealed the following populations: low, medium and high. Low populations
are those with low DNA content (hypodiploids, low); high populations are those that, while 
conserving linearity, emitted signals with peaks higher than 4C, characteristic of endoreplication and
verified using fluorescent microscopy with propidium iodide staining (Figure 2). Excluding these 
endoreplicant and hypohaploid regions, the only populations considered were in the medium group, 
those which had 2C and 4C peaks and which were fit to the cell cycle model (Graph 1).  Comparison 
of the percentages of cells in the G0/G1 phase across treatments and times (0h, SR24h, SR48h, 
SR72h, HCC24h, HCC48h, HCC72h, SR+HCC24h, SR+HCC48h, SR+HCC72h) showed no 
statistically significant differences (p > 0.05) (Table 1) across treatments and culture durations.
However, the initial group (0h) showed the greatest number of cells at this phase (Graph 1).
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As there was no statistically significant difference in the percentages of cells in the G0/G1 phase 
among the different treatments, clone production was performed with fibroblasts from the 0h, SR24h, 
HCC24h, and SR+HCC24h groups. The cleavage and clone percentages are shown in Table 2.

The clones obtained from nuclear donor fibroblasts subjected to different cell cycle synchronization 
treatments were processed to determine the total number of blastomeres; the average number of cells 
per clone in each group is shown in Table 3. There were no statistically significant differences among 
the groups.
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Evaluation of early development in clones with parthenogenetic embryos with and without zona 
pellucida and those obtained through IVF found no significant differences in cleavage percentage 
among the three groups (Clones, PWZP+PWoZP, and IVF). A statistically significant difference was 
found in percentage of embryo production between the clone group and the group of parthenotes with 
zona pellucida (p = 0.036) (Table 4).
The total numbers of cells (blastomeres) were compared across parthenogenetic embryos with and 
without zona pellucida, cloned embryos, and embryos created through IVF. There was a statistically 
significant difference in the number of cells in the IVF embryos compared to the parthenogenetic and 
cloned embryos (p < 0.01) (Table 4).

Discussion

During the cloning process, the type, origin, and initial conditions of the nuclear donor cell are 
primary contributing factors toward the success of the technique. Spatial and temporal synchrony and 
compatibility between the cytoplasm of the receptor oocyte and the nucleus of the donor cell are 
necessary so that nuclear reprogramming and early embryonic development can begin and finish 
properly(12,30). A number of protocols have been proposed to achieve this synchronization, including 
the use of drugs that directly or indirectly halt the cell cycle, such as roscovitine(31), DMSO(32), or 
cycloheximide(33). While effective, these agents appear to interfere with other cellular processes as a 
result of potentially toxic effects that could induce cell death(34) and can cause other unexpected 
consequences for later cell development(31). Because of these possibilities, methodologies free of 
chemical agents have been suggested that only require manipulation of culture conditions, such as 
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SR(18,19), which acts on the cells by suspending transcription, or HCC, which causes cycle inhibition 
via contact(20-22). Both methods pause the cells in the G0/G1 phases, both considered the most 
appropriate for adequate genome reprogramming, doubtless due to differences in the DNA content 
of the donor nuclei, which varies as a function of the phase of the cell cycle(15,35,36). 

The three synchronization methods examined in this study were SR, HCC, and a combination of both 
types, each at three different times (24, 48, and 72 h). There were no significant differences found 
among the treatments, similar to the study by Hayes et al.(37), who found no difference in the 
percentage of cells in G0/G1 regardless of the origin or type of cell (bovine granulosa and fibroblasts) 
after HCC or SR culture. However, differing from our study, that group did find greater numbers of 
cells in the G0/G1 phases. High percentages of cells in these phases have also been reported by 
various authors, such as Boquest et al.(21), who evaluated medium and high confluence in fetal porcine 
fibroblasts and found 74.1% and 85% of cells in the G0/G1 phases, respectively. Similarly, Sun et
al.(38) demonstrated an elevated proportion of transgenic bovine fibroblast cells in G0/G1 (91.4%) in 
cell cultures with HCC. Sadeghian-Nodoushan et al.(16) evaluated HCC at one time-point and SR at 
24, 48, and 72 h in a culture of sheep granulosa cells and found high percentages of cells in G0/G1 
(73.1, 76.9, 83.5, and 89.4%, respectively), but no significant differences between the HCC and SR 
treatments; the percentage of cells in G0/G1 in the control group (56.4%) was similar to the initial 
state of cells in the present study (50.4%, 0 h). 

Generally, the HCC group had a low number of cells in the G0/G1 phase and a higher number in the 
S (synthesis) phase; incidentally, this phase is least indicated for the cloning process, as it tends to 
produce premature chromosome condensation, resulting in partial DNA “destruction” (14). Similarly, 
all groups and times showed high percentages of cells in the G2/M phases, which cause problems 
with the chromosome number (aneuploidy) that are deleterious for embryonic development(15). In the 
present study, the initial state of culture produced the greatest number of cells in the G0/G1 phase, 
which could indicate that it is not necessary to apply synchronization methodologies at all. 
Nevertheless, studies on cell cultures emphasize the necessity to first acquire information on 
subpopulations, intending to separate those of interest to obtain cultures with homogeneous 
populations and thus obtain synchronizations with minimal disturbances(39,40).

It is important to mention that the flow cytometry analysis produced three different cell populations. 
One had low DNA content (<2C) and was probably composed of hypodiploids, which, upon
undergoing cell death, lose chromosomes. Another population consisted of cells with DNA between 
2C and 4C; this group was analyzed for cell cycle synchronization. Finally, the third population had 
cells with high DNA content (>4C); preliminary characterization of this group was performed on a 
thin cell layer culture using propidium iodide staining, resulting in the detection of binucleated cells 
(Figure 2). These cells could be the result of endoreplication, a result of failure in cytokinesis or cell 
fusion; the presence of binucleated cells suggests the possibility that during cycle analysis, there was 
an overestimation of the number of cells in the G2/M phases. Although flow cytometry alone cannot 
determine the exact phenomenon that resulted in binucleation, time and stressful conditions in cellular 
cultures increase the possibility of the presentation of mutation phenomena in DNA and of epigenetic 
alterations, such as histone phosphorylation(41). These phenomena could result in high aneuploidy 
rates, due possibly to the reduced capacity to proliferate and migrate and in susceptibility to 
senescence via cell cycle inhibition or via delays in its progression(42). The presence of this 
phenomenon in this study indicates the need for future studies to perform separation and 
characterization of subpopulations within primary cultures (as mentioned earlier) to determine the 
true effects of the type of culture on cell cycles, potential synchronization, and its further use during 
cloning. 



12

Cienc. anim. bras., Goiânia, v.19, 1-17, e-48555, 2018

Primary fibroblast cell cycle synchronization and effects on handmade cloned (hmc) bovine embryos

It was decided to perform the HMC process with cells at the initial state (0 h) and the simplest 
fibroblast cultures at the methodology level (SR, HCC, and SR+HCC at 24 h) after not detecting 
differences among the cell synchronization treatments. The cleavage percentages obtained in this 
study are optimal, not significantly different among the four groups, and are within levels reported 
by other authors(19-22).  High percentages of embryo production were obtained in the 0h, SR24h, and 
SR+HCC24h groups (37.9%, 29.5%, and 30.9%, respectively) but not in the HCC24h group (19.3%), 
which was significantly different from the rest. This specific group showed a large number of 
fibroblasts in the S phase, which could explain the relatively low number of embryos produced. In 
contrast, the initial group (0h) showed the highest percentage of embryos (37.9%), significant in that 
this group also showed the highest number of cells in the G0/G1 phases (50.47%). This finding is 
agrees with the results of other studies, where a greater number of nuclear donor cells found in the 
G0/G1 phase was correlated with higher percentages of embryonic production(22). The authors 
reported blastocyst rates that increased linearly (7.0, 17.5, and 29.4%) with increased cellular 
confluence (70-80, 80-90, and >95%).

Upon comparing the number of cells or blastomeres as a measure of embryo quality(43), the clone 
group showed a good number of cells but was not significantly different compared to the other groups 
(p>0.05). This finding might suggest that the type of culture from which nuclear donor cells originate 
does not affect embryonic quality. 

During HMC, oocytes are highly manipulated and subjected to processes that could be detrimental to 
their cellular viability. Consequently, parallel processes were employed, such as the production of 
parthenogenetic and IVF embryos, to control the quality of the selected embryos, their capacity to 
chemically activate, and the ability to allow early embryonic development(44). Thus, three control 
groups to the HMC technique were included: (1) parthenotes with ZP; (2) parthenotes without ZP;
and (3) embryos produced through IVF. Embryo production via HMC, parthenogenesis, and IVF was 
compared, evaluating cleavage, percentage of embryos, and number of blastomeres. No statistically 
significant differences were found among any of the techniques. The percentage of embryos was 
different between the clone group and the parthenogenetic embryos with zona pellucida, but, in 
general, the cleavage and embryonic production percentages were high and similar to those obtained 
in other studies(22,45).

The number of blastomeres in the blastocysts produced through IVF was significantly greater than 
those produced through parthenogenesis and cloning (117.0 vs 80.0 vs 75.9 vs 67.1); these 
observations are similar to and exceed the results of other studies in both IVF embryos and cloned 
bovine embryos(46,47). This finding would indicate that the production system used is efficient in both 
blastocyst production and embryonic quality.

Another important result of this study is the total percentage of cloned bovine embryo production, 
which, compared with other studies, exceeds the percentage of blastocyst production (30.2% vs 
19%)(48) and difference from the group of embryos fertilized in vitro, which is within commercial 
levels (30 to 35%)(49), is not statistically significant. 

Today, doubts persist about which synchronization method is better for fibroblast cultures and about 
the nature of the relationships between the methods and embryonic development and quality after 
cloning. The methodologies examined in this study show a wide variation in cell cycle 
synchronization time and are somewhat unpredictable. Additionally, deeper understanding about the 
cell line or the type of donor cell used and of the number of optimal passages is required. The culture 
conditions could induce positive or negative changes in cell growth patterns in culture, potentially 
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leading to suboptimal populations for cloning(50); this possibility is noted in the results of this study,
which indicate that it is better not to intervene in the cell cycle to achieve synchronization.  

Conclusions

The evaluation of three synchronization methods (SR, HCC, and SR+HCC) at different time points 
did not demonstrate an increase in the percentage of fibroblasts in the G0/G1 phases of the cell cycle.
However, despite this finding, good quality, high cloning rates were obtained, suggesting that 
depending on the origin of the cell, the cell type, and its culture base, on occasion, it would be better 
not to subject the cells to any synchronization treatments, as they would still yield equally good, or 
even better, cloning results.

Few studies on HMC report on which phase of the cell cycle was used to obtain nuclear donor cells.
It is necessary to improve the cell selection technique via cytometry to know exactly what type of 
nuclear donor cell is used for the cloning process, thus enabling a more accurate evaluation of the 
true effects on the resulting clones.

The potential applications of cloning using somatic cells are still in their infancy, due to the low 
efficiency of the techniques used to obtain cloned embryos and the diverse problems these techniques 
have regarding embryonic, fetal, and neonatal development. Because of these considerations, it is 
vastly important that further research focus on explaining and understanding the numerous variables 
involved in the cloning process, be it via SCNT or HMC, to be able to manipulate the cells and to
establish procedures that can increase the percentages of successful embryos above the levels 
obtained nowadays.

A greater understanding of the compatibility between the cell cycles of the receptor cytoplasm and 
the nucleus of the donor cell would allow for improving the cloning process, resulting in an increase 
in cloning efficiency.
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