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Research in the field of in vitro production of porcine 
embryos started over 30 years ago, and in 1986 first 
piglets were born from in vivo-matured oocytes (5). 
However, the first piglets from embryos obtained by 
the complex in vitro method, i.e. oocyte maturation, 
fertilization, and culture without the female organism, 
were born in 1993 (31). The constant development 
of biotechnological and biomedical studies on pigs 
indicates that there is a steady increase in demand for 
matured porcine oocytes and embryos. Associated 
reproductive techniques (ART) and embryo transfer 
(ET) in pigs are beneficial not only for improving the 
rate of genetic progress without the risk of disease 
transmission and the costs of live animal transfer, but 
also for other reproductive biotechnologies (35). These 
techniques are dependent on porcine in vitro produc-
tion (IVP), which includes in vitro maturation (IVM), 

in vitro fertilization (IVF), and the subsequent in vitro 
culture (IVC). Important issues related with embryo 
IVP are the quality of in vitro-matured oocytes, the 
quality of semen intended for IVF, polyspermy, and the 
quality of in vitro-obtained embryos. Many laborato-
ries have been trying to improve IVP procedures, but 
despite visible progress, the effectiveness and repeti-
tiveness of the IVP method, especially in pigs, is still 
unsatisfactory. The maturation of pig oocytes is one of 
the most important stages in the embryo IVP process. 
In vitro oocyte maturation requires an appropriate 
environment that is as close to in vivo conditions as 
possible. These conditions can be achieved by various 
in vitro culture systems based on media with a strictly 
defined chemical composition. Methods for in vitro 
maturation of pig oocytes have been significantly 
improved in recent years, resulting in about 50-90% 
of oocytes reaching nucleus maturity, i.e. the meta-
phase II stadium (14, 20, 36, 37). Oocyte maturation 
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Summary

The aim of the study was to examine the in vivo viability of in vitro-produced (IVP) porcine embryos obtained 
from oocytes matured with thymosin. The research material for this study consisted of immature pig oocytes 
obtained from ovaries after slaughter and ejaculated semen obtained from one boar. The immature oocytes were 
cultured in vitro until the metaphase II stage in a medium supplemented with thymosin (TMS). The presumptive 
zygotes obtained were cultured in vitro for 4-40 hours. The presumptive zygotes and 2-4-cell embryos were 
evaluated in vivo after transferring them to synchronized recipients. After the transfer of embryos from the 
experimental group into 2 recipients (50 embryos into each gilt) and the transfer of 50 embryos from the 
control group into 1 recipient, both gilts that had received embryos obtained by in vitro fertilization of oocytes 
matured with TMS became pregnant and delivered a total of 16 live piglets. After the transfer of embryos 
from the control group, no pregnancy was achieved. In conclusion, the results of our preliminary study suggest 
that the maturation of pig oocytes with thymosin supports the in vivo survival of in vitro produced embryos.  
It is important to note, that this was the first birth of piglets obtained after transfer of IVP embryos in Poland.
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media are modified by a variety of supplements, such 
as hormones: FSH, hCG, eCG (33), fetal calf serum 
(FCS) (1), porcine follicular fluid (pFF) (21), growth 
factors (36), and hyaluronic acid (27). Currently in use 
are also antioxidants: resveratrol (15), phycocyanin 
(16), and chlorogenic acid (20). In our previous study, 
we demonstrated that maturation of pig oocytes in 
a medium supplemented with thymosin increased the 
number of matured oocytes and improved the quality 
of in vitro-obtained pig blastocysts (11). Thymosin 
(TMS) is a peptide hormone that consists of 28 amino 
acids. It plays a major role in skeletal muscle regen-
eration (13) and supports the regeneration of cardiac 
muscles as well (3, 13). Little is known about the 
expression of the thymosin family and its functions in 
the ovary, especially in domestic animals (26). It has 
been suggested that α- and β-thymosins can modulate 
gonadotrophin-induced steroidogenesis in rat granu-
losa cells. Therefore, thymosin can have an effect on 
ovarian functions (26). According to other findings, 
concentrations of α- and β-thymosins in bovine and 
porcine blood change throughout the oestrus cycle (7). 
Until now functions of thymosin have been examined 
only in bovine oocytes (28).

The in vitro culture conditions are an important 
factor that influences the quality and number of in 
vitro-obtained embryos. The most commonly used 
media for pig embryo culture are North State Carolina 
University (NCSU-23 or NCSU-37) (22, 23), modi-
fied Whitten medium (mWM) (2), Beltsville Embryo 
Culture Medium 3 (BECM-3) (6), and Porcine Zygote 
Medium, (PZM) (32). Modifications of these culture 
media for pig embryos obtained in vitro lead to in-
creased numbers of developing embryos, but the ratio 
of blastocysts obtained remains unsatisfactory and does 
not exceed 50% (12, 18, 37).

The aim of this study was to examine the in vivo vi-
ability of IVP porcine embryos obtained from oocytes 
matured with thymosin.

Material and methods
All experimental procedures were approved by the 2nd 

Local Ethics Committee in Kraków (1181/2015, May 21, 
2015).

Ovaries were obtained from a local slaughterhouse, trans-
ported to the laboratory within 2 h, and washed three times 
in phosphate buffered saline (PBS) with addition of 2% 
kanamycin at a temperature of 39°C. Oocytes were obtained 
by two methods: by aspiration from antral follicles 3 to 
6 mm in diameter and by cutting the follicle in the ovaries 
with a surgical blade. Cumulus-oocyte complexes (COCs) 
with several layers of compact cumulus cells surround-
ing the oocyte were aspirated and washed several times 
in TCM-199 Hepes (Tissue Culture Medium 199 Hepes) 
supplemented with 10% fetal calf serum (FCS) and 0.068 
mg/ml kanamycin, at 39°C, adjusted to pH 7.0-7.2. Oocytes 
with homogeneous ooplasm and with multilayered compact 
cumulus mass were selected for maturation. COCs were 

matured in a modified TCM-199 medium (17). This medium 
consisted of TCM-199 supplemented with 1.0 mM cyste-
ine, 10% FCS, 10% porcine follicular fluid, 1 mM dibutryl 
cAMP (dbcAMP), 10 IU/ml equine chorionic gonadotro-
phin (eCG), and 10 IU/ml human chorionic gonadotrophin 
(hCG). In the first 22 h, COCs were cultured in this medium, 
then oocytes were matured for the next 22 h in the same 
medium, but without hormones and dbcAMP. All cultures 
were carried out in groups of 10-12 oocytes in 100 µl of 
the medium under mineral oil in a humidified atmosphere 
containing 5% CO2 in the air, at 39°C, (incubator, Sanyo).  
In the experimental group, oocytes were matured with  
1 mg/1 ml of TMS, whereas in the control group, they 
were matured without this supplement. After the matura-
tion period, COCs were assessed morphologically, as well 
as the cumulus expansion and ooplasm morphology were 
estimated. The presence of the first polar body was evi-
dence of reaching the MII stage. Matured oocytes from the 
experimental and control groups were fertilized with ejacu-
lated boar semen. Ejaculated semen was obtained from one 
boar and diluted with a commercial extender. The motility 
and concentration of sperm were evaluated. Semen was 
capacitated in vitro in a modified mM-199 medium (17, 
30) that consisted of TCM-199 supplemented with 2.92 
mM CaCl2, 0.91 mM sodium pyruvate, 3.05 mM glucose, 
25 mM Hepes, and 10% BSA. A portion of 1 ml of ejacu-
lated semen was centrifuged at 6000 rpm for 25 s. Then, 
the sperm pellet was washed twice by centrifuging in PBS 
with 0.001 g/ml BSA. After washing, 1 ml of capacitation 
medium was added to the sperm pellet and then centrifuged 
once again at 6000 rpm for 25 s. The final sperm concentra-
tion was adjusted in the capacitation medium to 1 × 105/ml 
and pre-incubated for 1 h at 39°C. For in vitro fertilization, 
a portion of 50 µl of sperm was added to a group of 10-12 
oocytes placed in a 50 µl droplet of fertilization medium 
that consisted of the same supplements as mM-199, but with 
addition 10 mM caffeine. Gametes were co-incubated for 
4 h in a humidified atmosphere containing 5% CO2 in the 
air at 39°C, (incubator, Sanyo). Inseminated oocytes were 
removed from droplets and washed four times in NCSU-23  
(IVC) medium. After washing, presumed zygotes were 
transferred into a  4-well plastic dish (Nunc) with IVC 
medium and were cultured at 39°C in a humidified atmo-
sphere of 5% CO2, 5% O2 and 90% N2 from 4 to 40 h. 
Development to 2-cell and 4-cell embryos was assessed 
1 and 2 days after IVF. To evaluate the in vitro and in vivo 
embryonic development, embryos were transferred into two 
gilts from the experimental group (+TMS) and one from 
the control group (–TMS). The embryo recipients were 
6-month-old gilts weighing 90 kg. The gilts were synchro-
nized intramuscularly with 750 i.m. of PMSG (Folligon, 
Intervet, Holland). After 72 h, the recipients were given  
500 i.m. of HCG (Chorulon, Intervet, Holland) and the signs 
of oestrus were monitored for the next 24 h. The transfer of 
embryos was carried out surgically by making an incision 
in the linea alba in order to perform laparotomy. Before 
transfer, the recipients were prepared for general anesthesia 
by premedication with azaperone (Stresnil, Elanco Animal 
Health) intramuscularly (1 ml/10 kg of weight) and with ket-
amine (Ketamina, Biowet, Puławy) and xylazine (Sedazin, 
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Biowet, Puławy) intravenously (both 10 mg/10 kg of 
weight). Transfer took place on the first or second day after 
the oestrus synchronization (the day of oestrus was defined 
as day 0). Presumptive zygotes and 2-4-cell stage embryos 
selected for transfer were evaluated under a stereoscopic 
microscope. Next, these embryos were placed with PBS+ 
10% FCS solution (about 10 µm) in a special polyurethane 
tube by means of a Hamilton® syringe (50 µm in volume). 
The tube with embryos was inserted into the oviduct through 
the imfundibulum. Each recipient received 50 presumptive 
zygotes or 2-4-cell stage embryos. The effectiveness of the 
transfer was evaluated on the basis of a diagnosis of the 
recepients at days 30 and 45 after the embryo transfer with 
an ultrasonograph (Dramiński, Poland) and on the basis of 
the number of piglets born. The pregnant recipients were 
monitored until parturition, and the total number of piglets 
born in particular litters was determined (24) Statistical 
analysis was performed by the SAS version 9.3. Data were 
analyzed by the Chi2 test.

Results and discussion
One hundred and forty-seven oocytes were selected 

for maturation in an IVM medium supplemented with 
thymosin (1 mg/1 ml) (experimental groups). The per-
centage of matured oocytes in the experimental groups 
was higher than it was in the control group (80.3% and 

77.5% respectively), but there were no statistically 
significant differences. After maturation, one hundred 
and eighteen oocytes in metaphase II were fertilized. 
The fertilized oocytes were cultured in vitro for 4-40 h. 
Eighty-two presumptive zygotes and eighteen 2-4-cell 
stage embryos were transferred to two synchronized 
recipients (50 presumptive zygotes and 2-4-cell stage 
embryos per recipient) (Fig. 1, Tab. 1).

In the control group (–TMS), eighty oocytes were 
selected for maturation in an IVM medium without 
the addition of thymosin. After maturation, sixty-two 
oocytes in metaphase II were fertilized. The fertilized 
oocytes were cultured in vitro for 40 h. Forty-five 
presumptive zygotes and five 2-4-cell cell stage em-
bryos were transferred to one synchronized recipient 
(Fig. 2, Tab. 2).

Thirty days after the transfer, the two recipients 
that had received 50 embryos each, obtained by in 
vitro fertilization of oocytes matured with the addition 
of thymosin (experimental group), were found to be 
pregnant. The next examination, 45 days after embryo 
transfer, confirmed both pregnancies. Six live piglets 
were born from one recipient and 10 from the other 
(Tab. 2). The pregnancy effectiveness in our experi-
mental group was 100%, whereas the effectiveness of 

Tab. 1. In vitro evaluation of the viability of embryos obtained by IVF of porcine oocytes matured with thymosin

Group
Number of

Oocytes selected for 
maturation Fertilized oocytes (%) Presumptive zygotes 2-4-cell stage embryos Presumptive zygotes & 

embryos selected for TPT

Experimental (+TMS) 147 118 (80.3) 82 18 100

Control (–TMS)   80   62 (77.5) 47   5   50

Tab. 2. Results of the transfer of embryos obtained by in vitro fertilization of oocytes matured with thymosin

Group
Number of

Recipients Embryos transferred to 
1 recipient Stage of embryos Pregnant recipients 

(%) Piglets born alive (%)

Experimental (+TMS) 2 50 Presumptive zygotes  
and 2-4b

2 (100) 16 (16)

Control (–TMS) 1 50 0 –

Fig. 1. Pig oocyte (MII) obtained after in 
vitro maturation with thymosin

Fig. 2. Porcine 2-cell (A) and 3-4-cell stage embryos (B) obtained after fertiliza-
tion of oocytes matured with thymosin selected for embryo transfer (Time-Lapse,  
PrimoVision®)

BA
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piglet production was 16%. Both deliveries occurred at 
term. In the recipient from the control group (–TMS) 
no pregnancy was found (at days 30 and 45) (Fig. 3).

The transfer of porcine embryos in breeding is 
limited by the difficulty of collecting pig embryos 
by surgical or non-surgical techniques, which results 
from the anatomical complexity of the cervix and 
uterus. Porcine ET is essential for biotechnological 
techniques, especially for conducting genetic improve-
ments and maintaining superior genotypes. Pig ET can 
also support the controlling mechanisms of animal 
reproduction (29). Usually, embryos are transferred 
surgically into recipients. Depending on the stage of 
development, embryos, are transferred either into the 
oviduct (one- to four-cell embryos) or into the tip of 
the uterine horn (8-cell embryos to blastocyst). Non-
surgical procedures are an alternative to the surgical 
method. These methods are used to eliminate surgi-
cal intervention and the narcosis associated with it. 
Endoscopic and laparoscopic techniques are employed 
in the minimally invasive procedures, whereas in non-
surgical procedures, embryos are transferred through 
the cervix without surgery (10). The surgical method, 
however, is still the most commonly used technique 
during experiments because its effectiveness is higher 
(70%) than that of the non-surgical methods (56%) 
(4). The success of embryo transfer depends on vari-
ous factors. One of the most important is the quality 
of matured oocytes selected for in vitro fertilization. 
Porcine oocytes cultured in vitro have lower develop-
mental competence than those that develop in vivo, 
which is shown by a  lower percentage of cleavage, 
morulae and blastocysts (18, 19, 25). In view of the 
fact that thymosin appears to positively affect oocyte 
maturation (9), we decided to evaluate the in vivo 
survivability of embryos produced by in vitro fertiliza-
tion of oocytes matured with the addition of thymosin. 
To achieve the best possible effectiveness of ET, two 
factors were taken into consideration: the stage of the 
embryos transferred and their number. In our experi-
ment, we decided to transfer presumptive zygotes and 

2-4-cell stage embryos after culturing them for 4-40 h 
from IVF, because of reports that the oviductal condi-
tion might support embryonic development (19) and 
because of the well-known occurrence of the “four-cell 
block” in pig embryo development. We transferred 
50 embryos into each recipient. Some reports suggest 
that the transfer of 16-20 embryos may be optimal to 
achieve normal pregnancy rates, but Fowler et al. (8) 
mention using over 30 embryos to increase the likeli-
hood of pregnancy. In our experiment, the transfer of 
embryos obtained from fertilized oocytes cultured with 
thymosin resulted in pregnancies in both recipients 
and the subsequent birth of 16 live piglets. Pregnancy 
did not occur in the recipient from the control group. 
The percentage of pregnancy obtained (100%) was 
higher than the results of Yuan et al. (36) (53%). The 
effectiveness of obtaining piglets (calculated as the 
ratio of the number of piglets to the number of em-
bryos transferred to the recipients) was lower (10%) 
in experiments by Nakamura et al. (19), but higher 
(26%) in those by Yoshioka (34). Researchers report 
widely varying pregnancy effectiveness figures, from 
17% with 2.4 piglets to 100% with 10.8 piglets (4). 
Although the effectiveness of IVP embryo transfer in 
our experiment was low, it was the first time that piglets 
were obtained by this method in Poland.

In conclusion, our preliminary study suggests that 
the maturation of pig oocytes with thymosin supports 
the in vivo survival of IVP embryos. This study permit-
ted us to set up IVP embryo transfer successfully, but 
further experiments on a larger number of animals are 
needed to validate the results of this study.
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