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Abstract 
An experiment was conducted to evaluate the effects of Folligon and Corulon (hormons) supplemention during IVM 
on porcine oocyte maturation and subsequent fertilization with intracytoplasmic sperm injection , clevage and 
embryo development. Cumulus-oocyte complexes were cultured 44 hours with 10 IU Folligon and 10 IU Chorulon 
(0-44 h), or 22 hours withe the same amount of hormons (0-22 h) followed by a 22 hours cultue period without 
hormons). Nuclear maturation was assesed after IVM culture by examining the morphology and the presence of the 
first polar body using the micromanipulation system. The oocytes were injected with a single sperm cell and cultured 
in NCSU-23 medium. The percentage of cleaved embryos were determined, also the embryo development. 
The presence of Folligon and Chorulon during the first 22 hours of IVM gave beter results in the terms of polar body 
extrusion (63%) compared to the group exposed for 44 hours to the hormons (37%). After 6 days of culture , the 
number of advanced embyo development  stage (more than 16 cells per embryo) was also significantly different in 
the 0-22 h group. 
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1. Introduction 
 
Despite the progress of in vitro maturation (IVM) 
research, the quality of oocytes matured in vitro , 
defined as their potential to develop into viable 
offspring, is still not satisfactory [1]. Important 
limitations of porcine in vitro production (IVP) 
include a high incidence of polyspermy and low 
rates of male pronuclear formation and 
development to the blastocyst stage [2]. Funahashi 
and Day [3] showed that the removal of hormones  
(in this case were used PMSG, hCG and 
oestradiol) supplements from maturation medium 
at 20 hours after the start of IVM culture improved 
the ability of pig oocytes to form a male 
pronucleus 10 to 12 hours after insemination. 
Similar results [5] show that omission of FSH 
after 20 hours of culture resulted in an 
acceleration of the progresiom of the meiosis, 

resulting in more oocytes that reached M II stage 
by 40 hours of culture. Until now, the effect of the 
exposure time of oocytes to hormones in IVM was 
assesed following in vitro fecundation (IVF), and 
in some cases there were no differences between 
the hormonal treatments for polyspermic 
fecundation [3],[4], but in other cases [5] the 
polyspemie decreased when the hormones were 
removed from the maturation medium after the 
first 20 hours of culture.  
Intracytoplasmic sperm injection (ICSI) became 
an important tool in human artificial reproduction 
techniques (ART) used for the treatment of male 
infertility in cases of oligoasthenozoospermia and 
even azoospermia [6]. In porcine IVP it seems to 
become a very popular technique because of the 
advantage to overpass the problem of polyspemic 
fecundation. Instead other problems appear when 
ICSI is performed with porcine gametes. During 
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normal fertilization, the acrosome-reacted 
spermatozoon fuses with the oolemma, and the 
entire spermatozoon is incorporated into the 
ooplasm. In ICSI, a spermatozoon is deposited 
into the ooplasm with both the acrosome and 
plasma membrane intact, in addition to the other 
sperm accessory components that are naturally 
eliminated in fertilized oocytes. [7]. An acrosome 
introduced into the ooplasm by ICSI seems 
physically to disturb sperm chromatin 
decondensation. Sperm chromatin 
heterogeneously initiates decondensation under 
the intact acrosomal cap in mice [8], rhesus 
monkeys [9] and pigs [10] DNA synthesis is 
delayed in both pronuclei when the paternal 
pronucleus is still undergoing decondensation in 
the apical region under the acrosomal cap, 
identifying a unique G1/S cell cycle checkpoint 
[11]. As the X chromosome is preferentially 
located in the apical region of the human sperm 
head [12], it is suggested that heterogeneous 
sperm chromatin decondensation under the intact 
acrosomal cap could be the reason for increased 
sex chromosome anomalies in children conceived 
after ICSI [13],[12]. 
This study was undertaken to investigate the 
influence of the in vitro maturation system, 
regarding the time exposure of oocytes to 
hormone treatment, on maturation rate, cleavage 
and embryo development, following ICSI. 
 
2. Materials and methods 
 
2.1 Culture media 
All chemicals for the preparation of culture media 
were purchased from Sigma-Aldrich (Taufkirchen, 
Germany) unless otherwise indicated. The basic 
medium for IVM was M199  supplemented with 
L-glutamine (3,4g/l), foetal calf serum (10%), 
penicillin (100 µg/ml)and streptomycin (100 
IU/ml). [14] 
Cumulus-Oocyte Complexes (COCs) were 
harvested in M199 (powder) supplemented with 
L-glutamine (3,4 g/l), NaHCO3 (2,2g/l), penicillin 
(100 µg/), streptomycin (100 IU/ml); pH adjusted 
at 7,2. 
In vitro fecundation (IVF) medium was Tyrode’s 
Salt solution supplemented with Serum Albumin 
(0,4%), Sodium lactate (10 µl/ml), sodium 
pyruvate (0,3 µg/ml) and antibiotics (100 µg/ml 
penicillin and 100 IU/ml streptomycin). 

The embryo culture medium was NCSU-
23suplemented with sodium lactate (4,5 mM), 
sodium pyruvate (0,33 mM), β-mercaptoethanol 
(25 µM), cysteine (0,1 mg/ml), bovine serum 
albumin (0,4 %) and antibiotics (75 µg/ml 
penicillin, 50 µg gentamcin). 
 
2.2 Oocyte retrieval 
Ovaries were collected from a local 
slaughterhouse, from pre-pubertal gilts, and 
transported to the laboratory within 4 hours in 
sterile saline solution at 28-30°C. (COCs) were 
aspired from 2-6 mm diameter size follicles  using 
22G needles attached to a 10 ml syringe [15], and 
collected in Petry dishes containing harvest 
medium. Oocytes with uniform ooplasm and 
compact cumulus cell mass (at least 5 layers of 
cumulus cells) were washed 2 times with harvest 
medium and placed in 35µl droplets IVM medium 
covered in mineral oil. Incubation was made in a 
5% CO2 atmosphere  for 44 hours under high 
humidity at 38°C. After culture, oocytes were 
denuded mechanical and washed three times with 
TCM 199 without hormones added.  
 
2.3 Sperm preparation and ICSI 
The semen was collected by the gloved hand 
method, from two commercial cross-breed boars, 
diluted in BTS extender (Minitüb-Tiefenbach, 
Germany) and the baseline spermograms  were 
made immediately. Sperm was washed 3 times by 
centrifugation at 800 x g, for 8 minutes and re-
suspended in IFV medium. 2 µl spermatic material 
was added in a 35µl PVP droplet (Cook Ireland 
LTD., Ireland) for sperm immobilization.   
Micromanipulation was made on a heated stage 
under a relief contrast (Hoffman modulation) 
microscope (Olympus IX-51), equipped with a 
Narishige micromanipulation system (Narishige 
International Limited, London-UK). Injection 
Eppendorf capillaries (Eppendorf AG, Germany) 
had an inner diameter of 4,5 µm, and an 35º angle. 
 
2.4 Experiment 
During IVM, COCs were cultured for 44 hours 
with 10 IU/ml Chorulon (Intervet International 
B.V.) and 10 IU/ml Folligon (Intervet 
International B.V.) [14] (first group). The second 
group was cultured for the first 22 hours with 10 
IU/ml Chorulon and 10 IU/ml Folligon, followed 
by a second 22 hours culture in the same medium 
without hormones addition. Because the mature 
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oocytes were destined for ICSI we considered as 
being mature oocytes only does oocytes witch 
after the examination by micromanipulation under 
the inverted microscope at 400 x magnification, 
exposed the first polar body (PB1), intact and 
uniform oolema, normal granulation of ooplasm, 
and regular distribution of the ooplasm granules 
and witch do not present the Fragile oocytes 
syndrome (FOS). All oocytes with defects of 
oolema or ooplasm, and FOS, even though 
showed some indicators of maturation (cumulus 
expansion, PB1) were considered degenerated and 
have not been used for ICSI. Were considered 
immature those oocytes witch after culture did not 
present cumulus cells expansion. 
Maturated oocytes were injected with a single 
spermatozoa and cultured  for 6 hours in IFV 
medium [16], and then placed in NCSU-23 
medium for embryo culture for 6 days.  
 
The results were statistically analyzed using 
ANOVA with one way. All statistic analyses were 
made by using GraphPad InStat software. 
 
3. Results and discussion 
 
The effect of duration of hormones exposure on 
maturation rate of porcine oocytes  after 44 hours 
of IVM, is shown in Table 1.regarding the 
cumulus expansion, no significantly differences  
were found between treatments. Although 
cumulus expansion is a used criteria for oocytes 
maturation, especially on porcine oocytes 
(because of the specific morphology) it is shown 
that it’s relevance is doubted when a more 
profound morphology analysis is taken. Because 
of the darken color of the ooplasm, the cumulus 
cells interfere to a clear image of the oocytes. The 
results  of cumulus expansion are similar to other 
results obtained in our laboratory [14], [15]. On a 
similar experiment, Funahashi and Day [3] found 
significant differences between  the two 
treatments regarding cumulus expansion, witch 
were not found in our experiment. Instead, the 
values found on maturation rate between 
treatments were significantly different (P<0,05). 
This, clearly demonstrates that the use of 
hormones addition  to IVM defined medium in the 
first period (22 h) of maturation, enhances the 
germinal vesicle break-down followed by 
resumption of meiosis to the MII stage. Using the 
described method to evaluate the maturation rate, 

we basically reduced the number of morphological 
mature oocytes to those who are proper for the use 
in ICSI. The fragile oocytes syndrome is a 
condition where oocytes that appear 
morphologically normal usually degenerate 
following injection. These oocytes can be 
recognized as they are typically very easy to 
inject, their oolema offering little resistance to 
injection [16]. Other oocytes can seem normal at a 
first morphologically  evaluation, but using the 
micromanipulation system, who permits 360º 
rotation of oocytes  we managed to detect oolema 
and ooplasm defects.  
The high percent of total degenerated oocytes is 
probably caused by the long period between 
scarification and oocytes retrieval in the 
laboratory. Most authors [3-7] suggest a transport 
time of 2 hours, maximum 3 [18]. By objective 
reasons we did not manage to collect the oocytes 
in less then 4,5 h.  
Effect of duration of hormones exposure on 
cleavage and embryo development of in vitro  
maturated porcine oocytes is shown in table 2. 
Cleavage percent could be used as a relative value 
of cytoplasm maturation. It is showed that 
cytoplasm and nucleus maturation are parallel 
processes [14], [16], [17], but in this cases the 
fecundation was made with classic IVF, witch 
does not include the possible damage caused by 
micromanipulation. As in the classic IVF system, 
cleavage rate did not present significantly 
differences between treatments [3-5]. In fact time 
exposure of oocytes to hormones during IVM was 
quite equal in the first stages of embryo 
development. Significantly differences appeared 
in the advanced stages of embryo development 
(>16 cells). Very significant differences were 
found in our experiment (P< 0,005) regarding the 
rate of embryos with more than 16 cells/ embryo. 
Omission of hormones in the last 22 hours of in 
vitro maturation indicates that the hormones not 
only enhances nuclear maturation but also 
promotes cytoplasmic maturation of porcine 
oocytes. Further exposure to hormones during the 
last 22 hours of IVM may have a negative 
influence on the cytoplasmic maturation resulting 
in low maturation rates and low percentage of 
advanced stage embryo development. Using 
pronucleus formation as parameter  for 
cytoplasmic maturation, Funahashi and Day [3] 
found higher proportions of oocytes with male and 
female pronucleus  after 20 hours of culture with 
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gonadotrophic hormones  as compared with 
culture with hormones throughout the maturation 
period. Other studies [19] did not observe an 
effect on the blastocyst formation as expressed by 
the ratio of blastocysts to cleaved embryos 
following the in vitro maturation of pre-pubertal 
gilt oocytes in the presence of FSH. Results 
should be clear and concise. should interp17ret the 
results clearly and concisely. Schoevers et al. [5] 
reported significantly differences between groups 

with 20 respectively 40 hours exposure to FSH 
during IVM for cleavage rate, number of 
blastocyst at 7 days of embryo culture and cells 
per blastocyst, but using sow oocytes. Compared 
to this results, the we obtained a much higher 
cleavage rate, due to the use of micromanipulation 
and ICSI, avoiding the high rate of polyspermie 
characteristic to the IFV system. 
 

Table 1. Effect of duration of hormones exposure on maturation rates of porcine oocytes after 44 h of culture 
 
Treatment 

 
Total 
oocytes N1 

Status of oocytes after IVM culture(mean ± S.E.M.) 

Cumulus 
expansion 

Imature Mature 
Ooplasm / 

oolema 
defects 

Fragile 
oocytes 

syndrome 
(FOS) 

10 IU Folligon + 10 
IU Chorulon 44 h 

130 92,9 ± 0,5a 7 ± 0,4a 37 ± 5a 38,9 ± 6,2a 16,5 ± 2,3a 

10 IU Folligon + 10 
IU Chorulon 22 h 

85 95,7 ± 1,9a 4,3 ± 1,9a 63 ± 10b 25,6 ± 10,2a 7 ± 3,9a 

Within columns, values with different superscripts (a,b) are significantly different (P < 0,05). 
1The experiment was replicated seven times.  

 
Table 2 Effect of duration of hormones exposure on cleavage rate and embryo development of in vitro matured 

porcine oocytes 
 
Group Injected 

oocytes N1 

Cleaved embryos 
at 2 days (mean ± 

S.E.M.) 

Embryo development at 6 days (mean ± S.E.M. of 
cleaved) 

2 cells 4 cells 8 cells Morula 
10 IU Folligon + 10 
IU Chorulon 44 h 

32 69,7 ±  8,3a 28,3 ± 13 a 23,3 ± 8 a 25 ± 11 a 21 ± 9,5 a 

10 IU Folligon + 10 
IU Chorulon 22 h 

44 72,6 ± 3,3 a 19 ±5,8 a 13,6 ± 6,7 a 7,5 ± 7 a 54 ± 11,9 b 

Within columns, values with different superscripts (a,b) are very different (P < 0,005). 
1The experiment was replicated five times.
 
4. Conclusions 
We concluded that in vitro maturation of porcine 
oocytes brings better result in the terms of oocyte 
maturation, and development of embryos obtained 
consecutive to ICSI when the oocytes are exposed 
to the hormonal treatment only in the first 22 
hours of culture. 
Morphological selection of oocytes is more 
accurate using a micromanipulation system under 
400x magnitude. 
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