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A b s t r a c t  
 

In vitro maturation (IVM) of the oocytes is an important step for in vitro embryo produc-
tion (IVP). In vitro culture during maturation decreases oocyte quality and therefore, IVM condi-
tions need to be improved. Routinely, IVM of bovine oocytes is performed using one-step medium, 
the TC-199 complemented with fetal bovine serum (FBS) and gonadotropins. However, the asyn-
chrony of oocyte nuclear and cytoplasm maturation processes may require the differential hormonal 
environment during IVM. In the present work, for the first time we have compared the efficiency of 
the two-step IVM protocols, which include the first step in standard conditions and final maturation 
in hormone-free mediums TC-199 or Fert-TALP; the last one is a routine medium for in vitro ferti-
lization (IVF). The objective was to study the effects of two-step IVM protocols to chromosome 
modifications and apoptotic events in mature oocytes and a quality of in vitro produced embryos. 
Oocyte-cumulus cells complexes (ОСС) were in vitro matured during 16 h in medium TC-199 com-
plemented with 10 % FBS, 10 g/ml follicle-stimulating hormone and 10 g/ml luteinizing hormone, 
and then transferred to either medium TC-199 without gonadotropins (System 1) or Fert-TALP medi-
um (System 2) for additional 8 h of IVM. After final IVM, nuclear state and apoptosis were checked in 
a part of the mature oocytes. IVF was performed on remaining OCC to analyze in vitro embryo devel-
opment. No difference was observed in nuclear maturation rates between the systems 1 and 2 after 24 h 
IVM: 83.3 % and 84.7 % of the oocytes reached metaphase-II. Apoptosis rate were significantly lower 
(p < 0.05) in the oocytes matured in System 2 (11.7±0.7 %) compared to System 1 (19.4±1.1 %). In 
addition, blastocyst rate after 7 days of in vitro embryo development was significantly higher (p < 0.05) 
in System 2 (30.0±2.9 %), than in System 1(17.4±0.4 %). Oocyte cleavage rate, cell number and apop-
tosis rate in the blastocysts were similar in both IVM systems. In conclusion, two-step IVM system 
using final 8-hour maturation in Fert-TALP medium is more advantageous compared to a system in-
cluding hormone-free TC-199 medium at the end of IVM. Fert-TALP IVM system decreased apoptosis 
rate in the oocytes and increased their competence to in vitro embryo development after IVF. 
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In bovine cattle, reproductive cellular technologies, including in vitro em-
bryo production (IVP), have extensive scope of application in scientific research, 
as well as in supporting reproduction, maintaining genetic diversity and breeding 
of animals possessing the preset properties [1-3]. By now, there has been a signifi-
cant advancement in development of IVP technology; the usefulness of embryos 
developed in vitro, however, is still considerably lower than of those developed in 
vivo. Moreover, many issues relating to the vitality of the new breed are still un-
solved [4, 5]. 

Standard IVP technology involves several phases, the first of which is in 
vitro ovum maturation. In immature oocytes, in response to extraction from a fol-
licle and placement in culture medium, meiosis restarts and nuclear transfor-
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mations from diplotene stage to metaphase II stage (MII) commence. Oocytes 
also undergo various structural and molecular transformations at cytoplasm level 
(cytoplasmic maturation) which are necessary to prepare an oocyte for fertilization 
and further embryonic development [6]. As is commonly known, when the oo-
cytes restart meiosis in vitro, the same processes of nucleus maturation as in oo-
cytes in vivo occur in them, while the level of cytoplasm maturity remains insuffi-
cient, affecting the quality of ova and, after their fertilization, the quality of IVP 
embryos. The attempts to resolve that issue, despite persistent effort of the re-
searches, have still not yielded a desirable result. The conditions in which oocytes 
mature remain suboptimal and require further simulations [4, 7, 8]. 

Most times, one-step culture in TC-199 medium supplemented with fe-
tal bovine serum (FBS) and gonadotropic hormones is used for in vitro matura-
tion of cow oocytes. It was demonstrated that in such conditions, the average of 
80% of immature oocytes reach metaphase II of the second meiotic division [9] 
but only 15-40% develop to the blastocyst stage [10, 11]. Low production of 
embryos may be caused by a combination of factors. First, one-step culture 
omits the temporal mismatch (asynchrony) between nuclear and cytoplasmic 
transformations. Second, TC-199 is a complex medium developed for culturing 
somatic cells, and although the serum contained in it serves as a source of 
growth factors, amino acids and endotoxins [12], which is important for maturity 
level, it is a variable component that can be the cause of reduction in the num-
ber of IVP embryos [13]. 

Earlier, for the first time we demonstrated that two-step culture of cow 
oocytes, when the standard system is used at the first step and is followed by 
oocytes being moved to a fresh medium free of gonadotropic hormones, can in-
crease the number of nuclei in embryos at the blastocyst stage [14]. Such im-
provement could be caused by corresponding cytoplasmic transformations occur-
ring during the final stage of maturing, on which the oocytes’ capacity for fur-
ther embryonic development ultimately depends. We have assumed that two-step 
culture in media differing in composition at the initial and final stages of oocyte 
maturation may be an alternative (differentiated) approach in the methodology 
of in vitro embryo production, and that further research may be required to im-
prove its efficacy [14]. 

In this paper we have for the first time assessed the expediency of use 
during the second maturation stage of Fert-TALP [15], which, unlike TC-199, is 
a less complex serum-free solution. In addition, Fert-TALP medium is further 
used to fertilize the mature ova, thus its use during the period of maturing may 
reduce the stress arising in oocytes upon forced change in culture conditions 
when transitioning from maturing stage to in vitro fertilization. 

The purpose of this paper is studying the state of chromosomes and de-
gree of apoptotic generation in oocytes maturing in two different two-step cul-
ture systems and the assessment of effect of these conditions on development 
and quality of IVP embryos. 

 Techniques. In all experiments, except for the expressly stated cases, the 
Sigma-Aldrich (USA) reagents were used. 

Cow ovaries (Bos taurus taurus) collected after slaughtering, were delivered 
to the laboratory within 3-5 hours at 30-35 С, were freed of adjacent tissue and 
washed multiple times in a sterile physiological solution containing antibiotics 
(100 MU/ml penicillin, 50 μg/ml streptomycin). Oocyte-cumulus cells complex-
es (ОСС) were isolated from the ovaries by dissecting the follicle walls with a 
blade, flushed 3 times in TC-199 medium containing 5% of fetal bovine serum 
(FBS), heparin (10 μg/ml), sodium pyruvate (0.2 mM) and gentamicin 
(50 μg/ml), and morphologically studied. For further culture, orbed oocytes with 
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homogenous cytoplasm, regular-width pellucid zone surrounded by multilayer 
compact cumulus were selected. All oocyte manipulations were performed under 
SMZ stereomicroscope (Nikon, Japan) at 37 С.  

After selection, OCC were cultured in groups, 20-30 each, in 500 µl me-
dium at 38.5 С in the atmosphere containing 5% CO2 at 90% humidity. To pro-
duce mature oocytes, a two-step system was used. For the first 16 hours, OCC 
were cultured in TC-199 medium containing 10% FBS, sodium pyruvate (1 mM), 
gentamicin (50 μg/ml), follicle-stimulating hormones (FSH) (10 μg/ml) and lutein-
izing hormones (LH) (10 μg/ml) (standard maturation medium), whereafter they 
were moved to a fresh medium for another 8 hours. During the second matura-
tion stage, TC-199 containing 10% FBS, sodium pyruvate (1 mM) and gen-
tamicin (50 μg/ml), or a medium for further fertilizing Fert-TALP [15] that 
contained 114 mM NaCl, 3.2 mM KCl, 0.4 mM NaH2PO4, 2 mM CaCl2, 0.5 
mM MgCl2, 25 mM NaHCO3, 10 mM HEPES, 10 mM sodium lactate, 0.25 
mM sodium pyruvate, bovine serum albumin (BSA, 6 mg/ml) and gentamicin 
(50 μg/ml). 

After 24 hours of maturing, a portion of oocytes was freed from cumulus 
cells, fixed and used for cytological analysis of maturity and apoptosis as per the 
protocol described [16]. Another portion was moved to Fert-TALP medium sup-
plemented with BSA (6 mg/ml), heparin (10 μg/ml), penicillamine (20 μM), 
hypotaurine (10 μM) and epinephrine (1 μM) for in vitro fertilization and as-
sessment of capacity for further embryonic development.  

Then, 1.5 hours prior to fertilization of oocytes, the straws containing 
frozen semen were unfrozen, active spermatozoa were produced by “swim-up” 
method in Sperm-TALP medium [17] containing sodium pyruvate (1mM) and 
BSA (6 mg/ml). For this purpose, the contents of straws were underlaid, in 
220 μl portions, to the 1.8 ml test tubes (Nunc, Denmark) with 1 ml of Sperm-
TALP medium and were incubated (a MCO-18AIC, Sanyo, Japan) for 
50 minutes. In the end of incubation, 750 μl of the upper layer was collected, 
diluted with fresh medium and centrifuged at 300 g for 10 minutes. The resulting 
pellet containing motile sperm were added to the fertilization medium contain-
ing OCC (spermatozoa concentration: 1.5½106/ml).  

Gamets were incubated jointly for 18-20 hours, whereafter the prospec-
tive zygotes were moved to the embryo-development medium [14] and cultured 
for 7 days. On day 2 after fertilization of oocytes cleaved zygotes were morpho-
logically analyzed, and in the end of culturing the number of embryos that have 
developed to the stage of blastocyst was counted.  

The resulting blastocysts were fixed with 4% paraformaldehyde solution 
and subjected to permeabilization in Triton Х-100 solution. The extent of apop-
totic changes of nuclear material in embryos was determined by TUNEL meth-
od using the In Situ Cell Death Detection Kit, fluorescein (Roche Diagnostics, 
Switzerland) in accordance with the instructions of the manufacturer. The em-
bryos were then stained with DAPI solution (1 μg/ml) for localizing the nuclei, 
and transferred to the glass slide for analysis. Microphotography and evaluation 
of preparations was carried out under Axio Imager.M2 fluorescent microscope 
equipped with 65 HE filter (for TUNEL, excitation at  = 445-470 nm) and 49 
(for DAPI, excitation at  = 365 nm) using digital camera Axiocam 506 and 
ZEN 2 pro application (Carl Zeiss, Germany). The apoptosis rate in the embry-
os was evaluated by the TUNEL-positive nuclei percentage of the total number 
of nuclei. 

In statistical processing, one-way analysis of variance was applied (Sig-
maStat application by Systat Software, Inc., USA). The results are given as means 
(M) and standard errors of the means (±SEM). To evaluate the significance of 
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differences between the compared means, Tukey’s test was used  
Results. The medium surrounding oocytes in vitro critically affect the 

quality of ova, which makes these conditions a subject of targeting. In the paper 
presented, in order to induce the maturation of cow oocytes, instead of standard 
one-step IVM protocol we used two-step oocyte cultivation that implied their 
maturation for the first 16 hours in TC-199 medium containing 10% FBS and 
gonadotropic hormones and for the next 8 hours either in TC-199 free of hor-
mones (system 1) or in Fert-TALP medium [15] (system 2). The time of chang-
ing the medium of 16 hours was selected on the basis of previous data on the 
initial shows of deterioration of oocyte quality occurring by that period of their 
in vitro maturing [18].  

 

Fig. 1. Microphotographs of cytological preparations of mature cow oocytes (Bos taurus taurus) after 24 
hrs of in vitro maturing: A, D — oocyte morphology, B, E — staining nuclear material using DAPI 
(blue color), MII — chromosomes at the stage of metaphase of the second meiotic division, PB — 
polar body; C, F — staining nuclear material using TUNEL method, upper section (C) — oocytes 
without any shows of apoptosis, lower section (F) — with shows of apoptosis (TUNEL-positive MII 
chromosomes and PB are stain green). ½400 zoom, fluorescent microscope Axio Imager.M2 
equipped with 65 HE filter (for TUNEL, excitation at  = 445-470 nm) and 49 (for DAPI, excita-
tion at  = 365 nm) with color digital camera Axiocam 506 (Carl Zeiss, Germany). 

 

1. State of chromosomes and frequency of apoptotic degeneration in cow oocytes (Bos 
taurus taurus) after maturing for 8 hours in different culture systems (M±SEM) 

Test group  
(system) 

Count Percentage 
experiments total oocytes oocytes at MII stage MII oocytes with shows of apoptosis 

System 1 4 85 83.3±5.6 19.4±1.1 
System 2 4 83 84.7±2.4 11.7±0.7* 
N o t e . MII — metaphase II; system 1: oocyte maturing for the first 16 hours in TC-199 medium containing 
10 % fetal bovine serum (FBS) and follicle-stimulating hormones (FSH) and luteinizing hormones (LH), and for 
the next 8 hours in TC-199 medium free of hormones; system 2: oocyte maturing for 16 hours in conditions simi-
lar to those of system 1 and for the next 8 hours in Fert-TALP fertilization medium free of heparin, hypotaurine 
and epinephrine. 
* Differences between the compared groups are statistically significant at p < 0.05. 

 

Cytological analysis did not reveal any impact of the culture system on 
completion of nuclear maturation. Percentage of oocytes at MII meiosis stage 
(Fig. 1, B-E) after 24 hours of maturing (16 + 8 hrs) was similar in both groups 
and made 83.3 and 84.7 % (Table 1). At the same time, the percentage of oo-
cytes with the shows of apoptosis (see Fig. 1, F) was lower (11.7±0.7 %) when 
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maturing in Fert-TALP medium, while for those cultured in TC-199 containing 
FBS this value increased by 7.7% (p < 0.05) (Table 1). 

Capacity of 
mature oocytes for 
development after in 
vitro fertilization that 
serves a criterion of 
the level of cyto-
plasmic maturity was 
evaluated by the oo-
cytes’ capability to the 
first cleavage division 
(Fig. 2, A) and reach 
blastocyst stage (see 
Fig. 2, B) (Table 2). 

  

2. Cow oocyte (Bos taurus taurus) embryonic developmental capability in different 
systems for in vitro maturing   (M±SEM) 

Test group  
(system) 

Count Oocyte cleavage 
rate, % 

Development to blastocyst stage, % 
experiments total oocytes of number of oocytes  of number of embryos 

System 1 5 150 65.4±1.1 17.4±0.4 26.6±0.9 
System 2 5 123 71.7±1.7 30.0±2.9* 42.1±4.9** 
N o t е. For experiment design (media and systems) see Table 1.  
*, ** Differences between the compared groups are statistically significant at р < 0.05 and р < 0.01. 

 

The percentage of cleaved oocytes determined on the 2nd day of cultivat-
ing did not vary between the experimental groups and made 65.4±1.1 and 
71.7±1.7 % for system 1 and 2, respectively. Nevertheless, the impact of condi-
tions of the second step of oocyte maturing (8 hours) on their development to 
blastocyst stage was found. In case of transfer of OCC after 16 hours of cultivating 
to TC-199 medium, the production of blastocysts was 17.4±0.4 %. Use during the 
relevant period of cultivation of Fert-TALP medium increased this value up to 
30.0±2.9 % (p < 0.05) (see Table 2). 

Use of two compared protocols of two-step oocyte culture did not signif-
icantly change the quality of IVP embryos that were assessed by the nuclei count 
on day 7 after fertilization (Fig. 3, C), however when culturing during the sec-
ond stage of maturing in Fert-TALP medium, the tendency towards increase of 
this value was observed (Table 3). The percentage of embryonic nuclei with 
shows of apoptosis (see Fig. 3, C) did not also change between experimental 
groups and made 5.1±0.9 and 4.6±0.4 % for system 1 and system 2 respectively 
(see Table 3). 

 

Fig. 3. Microphotographs of cytological preparations of bovine embryos (Bos taurus taurus) on day 7 
of culture: A — blastocyst morphology; B — staining blastocyst nuclei using DAPI (blue color); 
C — staining apoptotic nuclei in blastocyst using TUNEL method (TUNEL-positive nuclei are 
stained green). ½200 zoom, Axio Imager.M2 fluorescent microscope by Carl Zeiss, Germany. 

 

Fig. 2.  Microphotographs of cow oocytes (Bos taurus taurus) cleaved after 
in vitro fertilization and of embryos developed to the blastocyst stage (B) 
(½200 zoom, Eclipse Ti-U microscope by Nikon, Japan). 
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3. Quality of IVP (in vitro embryo production) embryos after 8 hours maturing of 
cow oocytes (Bos taurus taurus) in different culture system followed by in vitro 
fertilization (M±SEM) 

Maturing medium 
(system) Experiments Total blastocyst count 

Blastocysts nuclei count 
total apoptotic, % 

TCM + 10 % FBS (1)  5 26 62.9±5,2 5,1±0,9 
Fert-TALP (2) 5 37 72,2±5,1 4,6±0,4 
N o t е. For experiment design (media and systems) see Table 1.  

 

The expediency of application of two-step bovine IVM protocol has been 
actively studied over the past few years. In order to resolve the problem of asyn-
chrony between nuclear and cytoplasmic maturation, OCC extracted from folli-
cles are for some time cultured in maturation medium supplemented by meiosis 
inhibitors, and then without them [19]. However, cytoplasmic transformations, 
on which the oocytes developmental capability ultimately depends, occurs not 
on the initial but on the final stage of IVM, which demonstrates the relevancy of 
research of the specific needs of female gametes during this very period [4]. 

Therefore, this work for the first time compares two-step IVM protocols 
that include cow oocyte maturation during the first step in the standard medium 
and maturation in one of two hormone-free media (ТС-199 and Fert-TALP) dur-
ing the final step. Although TC-199 medium containing FBS is commonly used in 
the majority of one-step IVM protocols and is capable of sustaining the high ova 
capability for further development [15], in our two-step system during the final 
maturation stage it turned out to be less effective in terms of embryo production 
than Fert-TALP medium. Moreover, its use in the similar conditions has adversely 
affected the apoptotic degradation in ova. The cause of such effect could be not 
only the fact that TC-199 medium, unlike Fert-TALP, is a complex solution, but 
also the fact that it is blood serum instead of BSA that is used there as a source of 
protein. It is believed that adding the serum results in uncertain and changing 
conditions of cell cultivation [11, 13, 20, 21]. In addition, it is shown that adding 
the serum to the embryo cultivation medium negatively affects their development 
at early cleavage stages and alters the ultrastructure and the nature of gene expres-
sion during the later stages of in vitro embryo development [22-24]. 

Thus, in two-step in vitro maturation (IVM), culturing oocytes during the 
second-step maturation (8 hrs) in Fert-TALP medium is more preferable than in 
TC-199 medium containing fetal bovine serum. Such conditions improve the 
quality of mature oocytes and their embryonic developmental capability after in 
vitro fertilization. 
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