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Abstract: The study investigates the impact of gonadotropin hormones on the viability, 

morphology, and in vitro maturation of sheep oocytes, addressing a knowledge gap in optimizing 

culture conditions for oocyte maturation. Using a controlled experiment, immature sheep oocytes 

were divided into groups with varying concentrations of hCG and PMSG hormones and incubated 

under specific conditions. The findings revealed that the addition of gonadotropins significantly 

increased oocyte viability, with the highest viability and normal morphology observed in the group 

with the highest hormone concentration. These results underscore the critical role of gonadotropins 

in enhancing oocyte maturation, with implications for improving in vitro fertilization techniques in 

mammals. 
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1. Introduction 

In vitro maturation (IVM) is a crucial process in enhancing the maturity of oocytes 

in a laboratory setting. Through the process of oocyte maturation In vitro, the oocytes 

acquired significant developmental potential gradually until the embryogenetic activation 

following fertilisation (1,2). The concept of in vitro maturation of immature oocytes (IVM) 

was initially elucidated by Pincus and Enzmann in 1935 (3). Using immature oocytes 

derived from antral follicles, Cha and his colleagues recently achieved successful use of 

the IVM approach in humans (4). 

To achieve complete maturation of oocytes, both cytoplasmic and nuclear 

maturation must take place efficiently. Nuclear maturation is exemplified by the reversal 

of the initial meiotic arrest during the germinal vesicle stage (GV) to the subsequent 

meiotic arrest during metaphase II stage (MII) (5). Cytoplasmic maturation encompasses 

several processes such as the storage of RNA and proteins, structural changes including 

the redistribution and distribution of cortical granules, migration of mitochondria to a 

perinuclear position, and the establishment of the calcium control system (6). 

In vivo, the gonadotropin hormones are crucial for regulating the maturation and 

development of oocytes. Undoubtedly, the impact of gonadotropin relies on its crucial 

physiological function in facilitating communication between oocyte cumulus cells. It is 

highly beneficial for the development of the cytoplasmic and nuclear maturation of the 

cumulus oocyte complex (7). 

The optimisation of the culture system for oocyte maturation involves considering 

the key factors necessary for the effective in vitro generation of embryos in mammals. To 

enhance the culture conditions, it is recommended to include gonadotropin hormones, 
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such as follicle-stimulating hormone (FSH), into the medium. FSH has the ability to 

enhance the mRNA expression of gonadotropin receptors in cumulus cells, therefore 

ensuring their growth and ultimately leading to the maturation of oocytes (8,9). 

In vitro maturation of mammalian oocytes requires the introduction of human 

chorionic gonadotropin (hCG) hormone in the culture media (10,11). Prior investigations 

have shown that the addition of human chorionic gonadotropin (hCG) hormone to the 

culture medium primarily enhances the function of luteinizing hormone (LH), leads to an 

increase in glutamine metabolism in the oocyte, and alters the distribution of calcium ions 

in the cytoplasm (12). 

2. Materials and Methods 

From local abattoir in wasit province ovaries from sheep were collected and 

transported to the laboratory in solution of normal saline (NaCl 0.9%) that contained and 

supplied with antibiotics (100 μg/mL streptomycin and 100IU/mL penicillin) and kept at 

30-37 °C within 3 hours. The follicular liquid with the cumulus–oocytes complexes (COCs) 

was taking by a sterile disposable 5 mL syringe supplied by 20-gauge hypodermic needle. 

The immature oocytes washed three times in culture medium and transfer to maturation 

medium. The study groups were divided according to concentrations of gonadotropins 

(PMSG and hCG) (MSD Intervet, Netherland) as the following:  

Control group: culture media without hCG and PMSG. 

Group 1: (2 IU/mL hCG) and (2 IU/mL PMSG).  

Group 2: (5 IU/mL hCG) and (5 IU/mL PMSG).  

Group 3: (10 IU/mL hCG) and (10 IU/mL PMSG).  

The oocytes incubated in temperature of 38C° and 95% humidity with 5% CO2 for 

24 hours (13). The incubated oocytes examined under light microscope. Cumulus 

expended and appearance of the first polar body gives indicator for in vitro maturation of 

oocytes (14). The oocytes with homogenous cytoplasm, intact plasma membrane and zona 

pellucida were considered as normal morphology in the study. Viability test done by 

staining the oocytes with the trypan blue stain and classified as the following the unstained 

oocytes classified as live and fully stained oocytes classified as dead (15).The viability test 

was done after IVM immediately. 

Ethical Considerations: ethical approval was not needed in this study because sheep 

ovaries were obtained from local abattoir. 

Statistical analysis 

           The data of this study analyzed statistically by using (SPSS/PC) program 

version 20 software (SPSS, Chicago). The test chi square was applied to reveal the 

significant comparison among percentages in this study. Where letters that similar to each 

other consider non significant difference (P>0.05) between groups while letters that 

different to each other consider significantly difference (P<0.05). 

3. Results 

In the present study (100) sheep immature oocytes were tested for viability, 

morphology and in vitro maturation, (25) oocytes for each group. Figure (1) shown that 

the percentage of oocytes viability was highest in group 3 (88%), while the lowest 

percentage was for control group (60%) also the results appeared that the percentage of 

oocytes viability for group 1 (64%) and for group 2 (76%) respectively. Group 3 group 

appeared a significant difference (P<0.05) in oocyte viability while compared with control 

group 
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According to this study the best percentage of normal oocytes morphology (92%) 

was in group 3, followed by group 2 (80%) and group 1 (68%), while the lowest percentage 

of normal oocytes morphology was in control group (64%). The study appeared that the 

normal oocytes morphology increase significantly (P<0.05) in group 3 when comparing 

with control group as shown in figure (3) 

 

 

 

Figure (1): Percentage of oocytes viability after in vitro maturation 
* Letters that different consider significantly difference (P<0.05). 

 

 

 

 

 

 

 

    

Figure (2): A: Viable oocyte after IVM   B: Non-viable oocyte after IVM 
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Figure (3): Percentage of normal oocytes morphology after in vitro maturation. 

          * Letters that different consider significantly difference (P<0.05). 
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The results of in vitro maturation showed that control group appeared the lowest 

percentage of in vitro maturation (36%), followed by group 1 was (52%) then group 2 

(64%), while group 3 appeared the highest percentage of in vitro maturation of oocytes 

with (76%). There was a significant decrease (P<0.05) in percentage of oocytes maturation 

appeared in control group when comparing with percentage of oocytes maturation in 

group 2 and group 3 as shown in figure (5). 

 

 

 

 

 

 

 

 

Figure (4): A: Oocyte with normal morphology after IVM  

                     B: Oocyte with abnormal morphology after IVM 
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Figure (5): Percentage of mature oocytes after in vitro maturation. 

* Letters that different consider significantly difference (P<0.05). 
 

 

   

 

 

 

 

 

Figure (6): A: mature Oocyte with cumulus cells expansion after IVM.  
                   B: Present of polar body in mature oocyte after IVM.  
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4. Discussion 

The selection of the culture system for in vitro maturation of immature oocytes is a 

crucial determinant in controlling the quality and quantity of oocytes that successfully 

develop in vitro. The elements of the maturing medium and the ambient circumstances of 

the culture can influence and modify the regulation of meiosis in immature oocytes (16). 

Thus, it is crucial to optimise and prepare the culture medium that considers all the 

necessary elements for the in vitro maturation of oocytes (17).  

The findings of this study indicate that the inclusion of gonadotropin hormones 

enhances the viability %, normal morphology, and intravitreal motility (IVM) of oocysts. 

The findings of this investigation were consistent with prior studies conducted on both 

bovine and human subjects (18,19). These findings corroborate the study conducted in 

2018, which indicated that FSH plays a crucial role as the primary regulating gonadotropin 

in the expansion of cumulus cells (20). 

Moore and Trounson said that the inclusion of gonadotropins in the maturation 

medium was shown to be beneficial in successful in vitro maturation of ovine oocytes (21). 

Experimental investigations conducted by Downs et al demonstrated that the addition of 

FSH to the culture media resulted in an elevation of cAMP content, thereby promoting 

meiotic arrest (22). The work conducted by Turathum et al. showed that the development 

of cumulus cells is essential for meiotic maturation since it disrupts the communicative 

junction, resulting in a decrease in the concentration of cAMP in the oocyte (23). 

5. Conclusion 

The findings of this study highlight the significant impact of gonadotropin hormones 

on the viability, morphology, and in vitro maturation of sheep oocytes. The results 

demonstrated that higher concentrations of gonadotropins, specifically hCG and PMSG, 

led to increased oocyte viability and normal morphology, with the group receiving the 

highest concentration showing the most pronounced effects. These findings underscore 

the critical role of optimized hormone concentrations in improving in vitro maturation 

outcomes, suggesting that the careful adjustment of gonadotropin levels could enhance 

the efficiency of reproductive technologies in livestock. The implications of this study are 

particularly relevant for advancing in vitro fertilization techniques, potentially leading to 

better reproductive success rates in mammalian species. Future research should explore 

the long-term developmental competence of oocytes matured under these optimized 

conditions and investigate the underlying molecular mechanisms that drive these 

improvements. 

 

REFERENCES 

[1] Ferreira, E. M., Vireque, A. A., Adona, P. R., Meirelles, F. V., Ferriani, R. A., and Navarro, P. A. D. Cytoplasmic 

maturation of bovine oocytes: structural and biochemical modifications and acquisition of developmental 

competence. Theriogenology. 2009; 71, 836–848. doi: 10.1016/j.theriogenology.2008.10.023 

[2] Gilchrist, R. B. Recent insights into oocyte–follicle cell interactions provide opportunities for the development of 

new approaches to in vitro maturation. Reprod. Fertil. Dev.2011; 23, 23–31. doi: 10.1071/RD10225 

[3] Pincus G, Enzmann EV.The comparative behavior of mammalian  eggs in vivo and in vitro: I. The  activation of 

ovarian eggs. The Journal of Experimental Medicine. 1935;62:665-675 

[4] Trounson A, Wood C, Kausche A. In vitro maturation and the fertilization and developmental competence of 

oocytes recovered from untreated polycystic ovarian patients. Fertility and Sterility. 1994;62:353-362. 

[5] Zhu, J., Moawad, A. R., Wang, C. Y., Li, H. F., Ren, H. F., & Dai, Y. F. Advances in in vitro production of sheep 

embryos. International Journal of Veterinary Science and Medicine,2018; 6(2), S15-S26. doi: 

10.1016/j.ijvsm.2018.02.003 



 436 
 

  
International Journal of Biological Engineering and Agriculture 2024, 3(3), 431-437  http://inter-publishing.com/index.php/IJBEA 

[6] Del Collado, M., Saraiva, N. Z., Lopes, F. L., Gaspar, R. C., Padilha, L. C., Costa, R. R., Rossi, G. F., Vantini, R., & 

Garcia, J. M. Influence of bovine serum albumin and fetal bovine serum supplementation during in vitro 

maturation on lipid and mitochondrial behaviour in oocytes and lipid accumulation in bovine embryos. 

Reproduction, Fertility and Development, 2015; 28(11), 1721-1732. doi: 10.1071/RD15067 

[7] Dumesic DA, Meldrum DR, Katz-Jaffe MG, Krisher RL, Schoolcraft WB. Oocyte environment: Follicular fluid and 

cumulus cells are critical for oocyte health. Fertil Steril. 2015;103:303–16. 

[8] Lee, H. S., Seo, Y. I., Yin, X. J., Cho, S. G., Lee, S. S., Kim, N. H., Cho, S. K., & Kong, I. K. Effect of follicle stimulation 

hormone and luteinizing hormone on cumulus cell expansion and in vitro nuclear maturation of canine oocytes. 

Reproduction in Domestic Animals, 2007; 42(6), 561-565. doi: 10.1111/j.1439-0531.2006.00818.x 

[9] Xiao, X., Zi, X. D., Niu, H. R., Xiong, X. R., Zhong, J. C., Li, J., Wang, L., & Wang, Y. Effect of addition of FSH, LH 

and proteasome inhibitor MG132 to in vitro maturation medium on the developmental competence of yak (Bos 

grunniens) oocytes. Reproductive Biology and Endocrinology, 2014; 12(30), 1-7. doi: 10.1186/1477-7827-12-30 

[10] Coelho, L. A. D., Esper, C. R., Alvarez, R. H., Vantine, R., & Almeida, I. L., Jr. Produção in vitro de embriões bovinos: 

utilização de diferentes fontes de gonadotrofinas na maturação dos oócitos. Revista Brasileira de Zootecnia, 2002; 

31(3), 1117-1121. doi: 10.1590/S1516- 35982002000500007 

[11] De Los Reyes, M., De Lange, J., Miranda, P., Palominos, J., & Barros, C. of human chorionic gonadotrophin 

supplementation during different culture periods on in vitro maturation of canine oocytes. Theriogenology, 2005; 

64(1), 1-11. doi: 10.1016/j.theriogenology.2004.11.008 

[12] Mingoti, G. Z., Garcia, J. M., & Rosa-e- Silva, A. A. M. Steroidogenesis in cumulus cells of bovine cumulus oocyte-

complexes matured in vitro with BSA and different concentrations of steroids. Animal Reproduction Science, 2002; 

69(3-4), 175-186. doi: 10.1016/S0378- 4320(01)00187-7 

[13] De Felici M and Siracusa G. Spontaneous hardening of the zonapellucida of mouse oocytes duringin vitro culture. 

Gamete Res. 1982; 6: 107-113.  

[14] Bols PEJ, Jorsen EPA, Goovaerts IGF, et al. High throughput non-invassive oocyte quality assessment: the search 

continues. Animal Reproduction. 2012;9(3): 420-425. 

[15] Abd-Allah SM. Effects of storage conditions of dromedary camel ovaries on the morphology, viability and 

development of antral follicular oocytes. Anim. Reprod. 2010; 7(2):65-69. 

[16] Downs SM and Mastropolo AM. Culture conditions affect meiotic regulation in cumulus-cell enclosed mouse 

oocytes Molecular Reproduction and Development. 1997; 46:551-566. 

[17] Goud PT, Goud AP, Qian C,et al. In vitro maturation of human germinal vesicle stage oocytes: role of cumulus 

cells and epidermal growth factor in the culture medium Human Reproduction. 1998; 13(6): 1638-1644. 

[18] Sugimura, S., Yamanouchi, T., Palmerini, M. G., Hashiyada, Y., Imai, K., & Gilchrist, R. B. J. Effect of pre-in vitro 

maturation with cAMP modulators on the acquisition of oocyte developmental competence in cattle. Journal of 

Reproduction, 2018; 64(3), 233-241. doi: 10.1262/jrd.2018-009 

[19] Pogrmic-Majkic, K., Samardzija, D., Stojkov- Mimic, N., Vukosavljevic, J., Trninic Pjevic, A., Kopitovic, V., & 

Andric, N. A. Atrazine suppresses FSH-induced steroidogenesis and LH-dependent expression of ovulatory genes 

through PDE cAMP signaling pathway in human cumulus granulosa. Molecular and Cellular Endocrinology, 2018; 

461(1), 79-88. doi: 10.1016/j.mce.2017.08.015 

[20] Cantanhêde, F. C. Influência do FSH sobre os aspectos celulares e moleculares na maturação in vitro de complexo’s 

cumulus-ovócitos de bovinos. Tese de Doutorado, Universidade Federal Rural de Pernambuco, PE, Brasil. 2018; 

http:// www.tede2.ufrpe.br:8080/tede2/handle/ tede2/7507 

[21] Moor RM andTrounson AO. Hormonal and follicular factors affecting maturation of sheep oocytes in vitro and 

their subsequent development capacity. J ReprodFertil. 1997;49:101-9. 

[22] Downs SM, Danie SAJ and Eppig JJ. Induction of maturation in cumulus cell-enclosed mouse oocytes by follicle-

stimulating hormone and epidermal growth factor - evidence for a positive stimulus of somatic cell origin. J. Exp. 

Zool.1988; 245; 86-96. 



 437 
 

  
International Journal of Biological Engineering and Agriculture 2024, 3(3), 431-437  http://inter-publishing.com/index.php/IJBEA 

[23] Turathum, B., Gao, E. M., & Chian, R. C. The function of cumulus cells in oocyte growth and maturation and in 

subsequent ovulation and fertilization. Cells, 2021; 10(9), 2292-2293. doi: 10.3390/cells10092292 

 

 


