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Abstract   

The information known at the moment on the follicular development, the in vitro maturation of 
oocytes, the in vitro fertilization of oocytes and the development of zygotes at blastocyst stage are 
possible with the technical molecular biology. The objective of our research between 10.25- 11.20.2009 
was the testing of the new media for observing the developmental competence of goat and sheep 
oocytes, within the pilot station for the gene preservation, The Laboratory of Sheep and Goat 
Reproduction and Biotechnologies within ICDCOC Palas. The ovaries were collected from Carpathian 
goats immediately after slaughter and the cumulus-oocyte complexes were obtained by aspiration of 
large follicles and mechanical dissection of follicles. The goat cumulus - oocytes complexes were 
selected on the basis of morphological criteria for testing 7 versions of oocytes maturation media 
supplemented with natural extracts. Better results were obtained for 2 versions of goat oocytes 
maturation: PBS medium supplemented with 100 µl/ml cysteamine, 20 ng/ml of epidermal growth factor 
and 50 ng/ml pFSH and TCM 199 medium (1,5 g/250 dl stock solution), 20 ng/ml of epidermal growth 
factor, 50 ng/ml pFSH and 10% cucumber juice. The most commonly used system for the maturation of 
oocytes outside the follicle is a culture medium supplemented with FSH, LH , estradiol and 10% fetal 
calf serum (FCS). The percentage of mature oocytes cultured in a 5% CO2 humidified air atmosphere at 
38 0C, for a period of 17 h was 93,75%. The sheep cumulus-oocytes complexes were collected 
surgically and after slaughter from Merinos of Palas sheep. The cumulus-oocytes complexes were 
obtained by aspiration of follicles using an 18-gauge needle fitted with a 2 ml syringe. The cumulus-
oocytes complexes covered by at least 2 layers of granulose cells were selected for in vitro maturation. 
The mediums used for maturation of sheep cumulus -oocytes complexes were TCM 199 medium 
supplemented with 10% follicular liquid and TCM 199 medium supplemented with 5% Epidermal 
Growth Factor. In vitro maturation conditions were 5% CO2 in humidified air at 370C for 24 h. The 
action of maturation medium (TCM 199) supplemented with follicular liquid at oocytes development 
was better then medium-199 with EGF (71.42 % vs 64.28 %).  

 
Keywords: oocytes, goats, sheep, in vitro maturation  
 
Introduction 
 

Since the birth of several sheep and kids 15 years ago, recent advantage in our 
knowledge of final gamete maturation and investigation of different culture condition for 
oocytes maturation (COGNIE & al. [1] and embryo development in ruminants (THOMPSON 
[2] have lead to substantial progress of in vitro embryo production.  

The information known at the moment on the follicular development, the in vitro 
maturation of oocytes, the in vitro fertilization of oocytes and the development of zygotes at 
blastocyst stage are possible with the technical molecular biology (THIBAULT, [3]. The 
acquisition of the developmental competence of oocytes occurs continuously throughout 
folliculogenesis and the influence of follicular size and follicular atresia has been recently 
reviewed (MERMILLOD & al. [4]. However, even given the heterogeneous nature of 
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immature oocytes used for IVP, oocytes maturation could be influenced by culture media 
components and culture conditions used for IVM. The media used for the maturation of 
oocytes depend on hormones (FSH, LH, and steroids), proteins (bovine albumin) and 
complex fluids (serum, follicular fluid).   

After the testing a variety of components on different media, it was shown that the 
bovine fetal serum has a beneficial effect on the developmental potential of goat oocytes (LIN 
& al. [5]. This effect can be observed when the epidermal growth factor is used, which is 
more capable to stimulate the nuclear maturation of denudate oocytes than bovine fetal serum. 
The small development competence of oocytes has two causes: the heterogeneous nature of 
the immature oocytes used for IVP and the inadequate conditions that do not permit the 
production of a better maturation of the cytoplasmic oocytes (MERMILLOD & al. [6]. A 
system must be developed for the maturation of oocytes capable to have an evolution directly 
proportional with the necessity of goat and sheep oocytes.  

 
Materials and methods 

 
Except where otherwise indicated, all chemicals were obtained from Sigma Chemicals 

Company (St. Louis, USA). 
The preparation of media used for the oocytes recovery and maturation 
Media for oocytes recovery: 
The followings were introduced in a Falcon tube: a 45 ml TCM 199 medium, 1.03 g/ml 

HEPES and 10 μl ampicylin and then it was incubated at 370C in a 5% CO2  humidified air 
atmosphere. In another Falcon tube a 45 ml PBS medium for the recovery of goat oocytes were 
introduced.  

Media for maturation of goat oocytes: 
 For the in vitro maturation of goat oocytes 7 versions of media based on natural extracts, 

hormones and growth factor were realized:  
1. TCM 199 medium (1.5 g/250 dl stock solution) supplemented with 50 ng/ml of  pFSH, 

10 ng/ml of LH, 100 µl/ml of estradiol and 10% of cucumber juice; 2. TCM 199 medium (1,5 
g/250 dl stock solution) supplemented with 50 ng/ml of  pFSH, 10 ng/ml of LH, 100 µl/ml of 
estradiol and 10% of carrot juice; 3. TCM 199 medium (1,5 g/250 dl stock solution) 
supplemented with 20 ng/ml of epidermal growth factor, 50 ng/ml of  pFSH and 10% of carrot 
juice; 4. TCM 199 medium (1.5 g/250 dl stock solution) supplemented with 20 ng/ml of 
epidermal growth factor, 50 ng/ml of pFSH and 10% of  cucumber juice; 5. Hank’s solution (50 
ml/500dl stock solution) supplemented with 40 ng/ml of insulin (Actrapid), 20 ng/ml of pFSH 
and 10% of carrot juice; 6. Dulbecco’s solution (2.5 g/250dl stock solution) supplemented with 
100 µl/ml of cysteamine and 10% of carrot juice; 7. PBS medium supplemented with 100 
µl/ml of cysteamine, 20 ng/ml of epidermal growth factor and 50 ng/ml of pFSH. 

Media for maturation of sheep oocytes: 
The media used for maturation of sheep cumulus -oocyte complexes were TCM 199 

medium (Gibco- BRL, USA) supplemented with 10% follicular liquid and TCM 199 medium 
supplemented with 5% Epidermal Growth Factor. 

The oocytes recovery by follicular aspiration, mechanical dissection of follicles and 
in vitro maturation 

The ovaries were collected from Carpathian goats freshly slaughtered and the cumulus-
oocytes complexes were obtained by aspiration of large follicles and mechanical dissection of 
follicles. Sheep cumulus-oocytes complexes were collected surgically and after slaughter, by 
aspiration of follicles. In the laboratory, the ovarian reaction was observed by counting the 
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ovarian follicles while every follicle was aspired with an 18-gauge needle fitted with a 2 ml 
sterile syringe containing 1 ml washing medium of cumulus-oocytes complexes.  

After the follicular aspiration at sheep and goat ovaries, the mechanical dissection of 
follicles at goat ovaries was realized with a microlancet. The number of oocytes recovered 
according to the diameter of the ovarian follicles was observed. The oocytes recovered from 
the slaughtered goat and sheep were selected on the basis of morphological criteria for the in 
vitro maturation. The goat cumulus-oocytes complexes were incubated at 380C in a 5% CO2 
humidified air atmosphere for a period of 17 h and the sheep cumulus-oocytes complexes were 
incubated at 370C in a 5% CO2 humidified air atmosphere for a period of 24 h. The results 
obtained were interpreted by statistical analysis by means of a basic statistical program and 
presented as tridimensional figures (3D graphics).   

 
Results and discussion 
 

After the evaluation of the follicular reaction from the ovaries recovered from the 
slaughtered animals, the recovery rate (oocytes recovered/follicles aspirated) with a 18-gauge 
needle fitted with a 2 ml syringe was 64.56%, that result is lower compared with the recovery 
rate (85-90%) using a different aspiration vacuum (TERVIT & al. [7].   

The cumulus-oocytes complexes recoveries (figures 1 - 4) were distributed in micro 
drops of Petri dishes with maturation media. After 17-24 hours of oocytes maturation in 
incubator with a 5% CO2 humidified air atmosphere, the oocytes were evaluated on the basis 
of cytological and morphological criteria.  

The rate of goat oocytes maturation was 93.75%. After 24 hours of goat oocytes 
maturation, the following were observed: 11 degenerated oocytes (2 degenerated oocytes for 
the maturation media 1, 2, 3, 5 and 6 and 1 degenerated oocyte for maturation media 4 and 7). 
The rate of oocytes maturation was 65.62% (figure 5). 

 

Fig. 1: Goat oocytes with  2-3 cumulus layers Fig. 2: Sheep oocytes with compact cumulus layers 

 

Fig. 3: Goat oocytes with 5-7 cumulus layers Fig. 4: Sheep oocytes with 5-7 cumulus layers 
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Fig. 5. The rate of goat oocytes maturation according to the incubation period 
Legend: % OM- the rate of goat oocytes maturation; NTO-the total number of goat oocytes; NT the number 
of oocytes recovery; NTO 17 hours-  the total number of maturate oocytes after 17 hours of incubation; NTO 
24 hours-  the total number of maturate oocytes after 24 hour of incubation;  
 

The best maturation medium for goat oocytes after 17 hours and 24 hours of incubation 
was medium 7, based on PBS medium supplemented with 100 µl/ml of cysteamine, 20 ng/ml 
of epidermal growth factor and 50 ng/ml of pFSH (figures 6 and 7). 

 

 
Fig. 6. The number of viable and degenerated oocytes after 17 hours of incubation depending on 7 versions of 
maturation media 
Legend: OV- the total number of viable oocytes before maturation; ONV- the total number of degenerated 
oocytes after 17 hours of maturation; M1... M7- the experimental versions of maturation media. 

  
For the experimental media 1 and 6, the degenerated goat oocytes were observed. After 

24 hours of oocyte incubation, the rate of maturation decreased and the experimental media 
with optimal conditions for maturation was the PBS medium supplemented with 100 µl/ml 
cysteamine, 20 ng/ml of epidermal growth factor (medium 7) and 50 ng/ml of pFSH and TCM 
199 medium (1,5 g/250dl stock solution), 20 ng/ml of epidermal growth factor, 50 ng/ml of 
pFSH and 10% of cucumber juice (medium 4, figures 7, 10 and 11). 

The positive action of cysteamine in maturation medium was signaled in the specialty 
literature. The relationship between glutathione and developmental competence in bovine and 
sheep oocytes (DE MATOS & al. [8]; DE MATOS & al. [9] has been confirmed at goat 
oocytes. The results obtained for the goat oocytes maturation confirm the results cited by the 
specialty literature. The most commonly used system for the maturation of oocytes outside the 
follicle is a culture medium supplemented with FSH, LH, estradiol and 10% fetal calf serum 
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(FCS).  These culture conditions were first optimized for the maturation of follicular oocytes 
(MOOR & al. [10].  For IVM of sheep and goat oocytes, the follicular fluid (FF) recovered 
from large follicles (> 4 mm) can be used as a supplement in TCM 199 maturation medium 
which contains 100 ng/ml of oFSH. 

 
Fig. 7: The number of viable and degenerated oocytes after 24 hours of incubation depending on 7 versions of 
maturation media 
Legend: OV- the total number of viable oocytes before maturation; ONV- the total number of degenerate 
oocytes after 17 hours of maturation; M1... M7-  the experimental versions of maturation media. 

 
The action of maturation medium (TCM 199) supplemented with follicular liquid at 

sheep oocytes development was better than medium-199 with EGF (71.42 % vs 64.28 %, 
figures 8 and 9). The positive effect of follicular liquid on cytoplasmic oocytes maturation is 
enhanced when follicular liquid is provided from non atresic (COGNIE & al. [11] or from 
gonadotropins stimulated follicles (COGNIE & al. [12].  

  
Fig. 8. Sheep oocytes after in vitro maturation  
(TCM 199 medium with follicular liquid) 

Fig. 9. Sheep oocytes after in vitro  maturation 
(TCM 199 medium with EGF) 

 
Fig. 11. Goat oocytes after in vitro maturation (TCM
199 medium with EGF, pFSH and cucumber juice) 

Fig. 10. Goat oocytes after in vitro maturation (PBS 
medium with cysteamine, EGF and  pFSH) 

The reference literature describes as medium for oocytes in vitro maturation, a TCM 
199 medium supplemented with FSH, LH, estradiol and 10%  fetal bovine serum (COGNIE 
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& al. [13] in sheep and for goats  is used medium TCM 199 supplemented with oFSH 100 ng 
and follicular liquid (COGNIE & al. [14]. The medium TCM 199 supplemented with FSH, 
estradiol in follicular liquid presence consisted the profitable effect of the estradiol about 
increased the maturation competence of oocytes (PEREIRA & al. [15].  

 The same maturation medium has been successful in red and sika deers (COMIZZOLI 
& al. [16]. During in vitro maturation under these conditions of sheep and goat oocytes, the 
extrusion of the first polar body (metaphase II) occurs between 16 and 24 h after the start of 
maturation (COGNIE & al. [14]. The molecular effectors mediating the positive influence of 
the follicular environment is not yet fully elucidated. However, some recent data obtained 
after oocytes maturation in semi-defined (with BSA) or defined medium (not containing 
serum or BSA) support the possible intervention of growth factors, hormones and intra-
ovarian peptides. Added to a semi-defined medium, rLH had no effect on the completion of 
the meiosis of sheep oocytes (ACCARDO & al. [17]. Completion of meiosis was stimulated 
and cleavage rates after IVF were significantly increased in sheep oocytes in the presence of 
100 ng/ml of oFSH or 10 ng/ml of epidermal growth factor in a defined maturation medium, 
whereas 100 ng insulin-like growth factor I (IGF -I)/ml did not have any effect. However, FF 
had an additional effect over FSH and EGF on the resulting developmental potential of the 
oocytes, indicating the presence of other regulating molecules. The supplementation of FSH 
containing TCM 199 medium with estradiol 17 betas (100 ng/ml) led to a significant 
increase in the blastocyst yield. However, the positive effect was not observed in the 
presence of follicular liquid, previously treated with charcoal to remove steroids (GULER & 
al. [18]. The possible intervention of estradiol 17β in cytoplasmic oocyte maturation is 
supported by the fact that it stimulated DNA polymerase β in oocytes of preovulatory ovine 
follicles (MURDOCH & al. [19]. and that an inadequate priming of sheep oocytes with 
estradiol exacerbates anomalies in embryonic cleavages and failure of blastocyst formation 
(MOOR [20]; QUISSAD & al. [21]. 

As in other species, porcine (ABEYDEERA & al. [22], bovine (DE MATOS & al. [8], 
hamster (ZULKE & al. [23] the glutathione content of goat oocytes seems to be a good 
indicator of cytoplasmic competence and addition of cysteamine to the defined IVM medium 
improves the efficiency of goat IVP to the level achieved when the oocytes are matured in the 
presence of follicular liquid (COGNIE & al. [14]. It has been shown that, in non defined or 
semi-defined IVM condition, other factors contained in FF, such as growth hormone 
(IZADYAR & al. [24], activin or inhibin (STOCK & al. [25] stimulate cattle oocytes 
maturation and that the inhibin α subunit decreases the developmental potential of oocytes 
(SILVA & al. [26]. The identification of the respective effects of these and other factors will 
help to improvement IVP in the future. 

 

Conclusions  
 

After were realized the experiments for this paper about the influence of new media at 
developmental competence of goat and sheep oocytes, the conclusions are:  

1.  The best maturation medium of goat oocytes after 17 hours and 24 hours of 
incubation was medium 7, based on PBS medium supplemented with 100 µl/ml of 
cysteamine, 20 ng/ml of epidermal growth factor and 50 ng/ml of pFSH;  

2. The action of maturation medium (TCM 199) supplemented with follicular liquid at 
sheep oocytes development was better than medium-199 with EGF (71.42 % vs 64.28 %). 

3. The incubation period for the optimal maturation of goat oocytes was 17 hours, the 
maturation rate being 93,75%, comparable with a lower rate of oocyte maturation after 24 
hours (65,62%). 
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