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Abstract 

The development competence of embryos is crucial for livestock reproduction and agriculture 

productivity. Hormone supplementation has an additive effect on improving embryo quality and 

enhancing developmental rates. This review focuses on the impact of hormones such as progesterone, 

estradiol, follicle-stimulating hormone, and triiodothyronine and thyroxine. Optimized concentrations 

of these compounds impact in vitro oocyte maturation and enhance the competence of embryos across 

various livestock species and their potential to improve reproductive outcomes. 
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Introduction 

In recent years, optimization and improvement of in vitro oocyte maturation and embryo 

production in livestock species has been focused mainly due to increased infertility 

problems. The use of various assisted reproductive technologies like in vitro maturation 

(IVM), in vitro fertilization (IVF), and in vitro embryo culture (IVC) has been progressively 

increasing for enhanced in vitro embryo production (IVEP). Yet, the transfer of yielded 

embryos is very low. Many factors are responsible for the success of IVP embryos, including 

embryonic factors, maternal/paternal factors, and in-vitro culture factors like light exposure, 

media composition, and temperature fluctuations (Ealy et al., 2019; Hansen, 2020) [30, 36]. 

Most in vitro culture media do not contain formulations like hormones, growth factors, and 

cytokines that mimic the oviduct during the first 7 to 8 days post-estrus (Martins et al., 2018) 
[53]. Supplementation of hormones in livestock embryo culture media plays a significant role 

in mimicking in vivo conditions, enhancing the maturation of oocytes, and promoting 

embryonic development, including the quality and development of blastocysts (Choi et al., 

2024; Bahrami and Cottee, 2022; Shabankareh et al., 2011) [23, 7, 38]. Progesterone (P4) is 

crucial for maintaining pregnancy and plays a role in uterine receptivity, fertilization, and 

embryonic development (Barrera, Avila, and Díaz, 2007; Loutradis et al., 2008) [10, 49]. 

Estrogen, particularly estradiol (E2), is essential for oocyte maturation and has a complex 

role in IVM (Bevers et al., 1997) [14]. Guo et al., 2009 [34] reported that E2 increases the 

proportion of oocytes that undergo nuclear maturation. Thyroid hormones are important for 

post implantation-development and may improve embryo development, and hatching rates, 

and reduce apoptosis in cryopreserved embryos (Ashkar et al., 2010; Medina, Buttler, and 

Gilbert, 2014) [6, 1]. The addition of gonadotropin like follicle-stimulating hormone (FSH) can 

improve nuclear maturation in oocytes, meiotic resumption, and early embryonic 

developmental competency (Pereira et al., 2013) [60]. Most studies reported that 

supplementation of FSH in IVM media enhances the maturation rates in bovine (Sirard et al., 

1988; Calder et al., 2003; Takada et al., 2012) [71, 18, 74]. This review summarizes the 

importance of supplementing different hormones for in vitro embryo production in various 

livestock species. 

 

Progesterone 

Progesterone is a 21-carbon cholesterol-derived steroid hormone synthesized within several 

cell types like corpus luteum, adrenal gland, and placenta (Golub et al., 2006) [33] and too 

much lower levels in Leydig cells (Rossato, 1999) [62] and adipose tissues (Zhang et al.,  
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2009) [34]. P4 secretion from the ovary regulates 

gonadotropin secretion (Mahesh, 1987) [51], influences 

mating behavior (Dudley, 1980) [28], and stimulates uterine 

and placental development (Spencer, 2004) [73]. P4 is 

essential for high rates of embryogenesis (Dumesic et al., 

2003) [29], embryo implantation, and sustaining pregnancy 

(Bulletti et al., 2022) [15]. Some studies suggest that co-

cultured cumulus cells (Shimada and Terada, 2002) [67] 

produce P4 that enhances the in vitro maturation rates and 

blastocyst development in cattle (Ryan et al., 1992) [64], 

sheep (Kyasari et al., 2012) [43], goat (Wang et al., 2011) [80] 

and porcine (Yoon et al., 2015) [83]. Yuan et al., 2016 [85] 

reported that P4 inhibits the apoptosis of blastocyst by 

enhancing the quality of porcine oocytes and minimizing the 

polyadenylation. The in vitro supplementation of P4 had no 

positive effect on the bovine secondary follicular growth but 

it enhanced the gene expression levels of GDF9 and cyclin 

B1 in bovine oocytes (Paulino et al., 2020) [58]. P4 and EGF 

did not show any synergic effect in bovine preantral 

follicles. Progesterone mediates its effect by interacting with 

genomic P4 receptors A (nPR-A) and B (nPR-B) (Bain et 

al., 2007) [9] in female reproductive organs. However, 

classical activation of genomic receptors is a slow and 

complex process as nPR expression in the follicle is species-

specific (Lodde et al., 2023) [48]. In sheep, nPR is expressed 

in the granulose cells of growing antral follicles (Ding et al., 

2022) [27] and in granulosa cells of primordial, primary, 

secondary, and tertiary follicles in cattle (Haeseleer, 

Simoens, and Broeck, 2007) [25]. P4 interaction with non-

genomic membrane progestin receptors (NPR α, β, and γ) 
(Zhu et al., 2003) [87] and non-genomic receptor membrane 

components 1 (PGRMC 1) and 2 (PGRMC 2) had shown 

rapid signaling events void of the transcriptome (Cahill, 

2007) [16]. Aparicio et al., 2011 [3] reported the localization 

of both genomic and non-genomic P4 receptors in bovine 

cumulus-oocyte complexes (COCs) and supplementation of 

P4 enhanced the maturation rates in bovine. PGRMC 1, the 

most abundant P4 non-genomic receptor membrane 

transcripts were found in bovine morula (Sang et al., 2021) 
[65] and porcine embryos (Cho et al., 2020) [22] depicted their 

role in the cleavage by regulating cell division (Lodde et al., 

2022) [47]. Larson et al., 2011 [44] reported that in vitro 

supplementation of P4 did not improve the embryo 

characteristics in the in vitro-produced bovine embryos. 

Ferguson, Kesler, and Godke, 2012 reported the positive 

effect of P4 supplementation for the in vitro production of 

bovine embryos. There are a lot of gaps in knowledge to 

determine the optimum concentration of in vitro 

supplementation of P4 due to different genomic and non-

genomic progesterone receptors in livestock species. 

 

17β-Estradiol 

17β-Estradiol (E2) is an isomer of estradiol produced mainly 

in the ovaries, promotes the growth of the uterine lining, and 

enhances the LH surge for ovulation. It also regulates the 

release of pituitary hormones through negative feedback. 

The proportion of E2 produced in testes is much lower. 

Maksura et al., 2021 [52] reported the effect of 17β-Estradiol 

on nuclear maturation of buffalo and goat oocytes. In 

Buffalo, the MetaphaseⅡ (MⅡ) stage oocytes number 
progressed with the increased supplementation of 17β-

Estradiol in a concentration-dependent manner. Still, in the 

goats, treatment with 1 μg/ml of 17β-Estradiol increased the 

proportions of MⅡ stage oocytes than the control and other 

treatment groups. Supplementation of 1 μg/ml of 17β-

Estradiol is considered to mimic the presence of estradiol in 

the preovulatory follicle in vivo. 1 μg/ml of E2 is commonly 
supplemented in an in-vitro maturation medium for the 

maturation of oocytes in bovine (Beker et al., 2002) [12], 

ovine (Leoni et al., 2007, Catala et al., 2012, Wang et al., 

2013) [45, 20, 81], and caprine (Hammami et al., 2013) [35]. 17β-

Estradiol also enhances the cumulus cell expansion as well 

as the nuclear and cytoplasmic maturation of oocytes in 

bovine (Sirotkin, 1992) [72], caprine (Pawshe et al., 1996) 
[59], equine (Carneiro et al., 2001) [19], and porcine (Kubo et 

al., 2015) [42]. Vlu and Kuz’mina, 2005 studied the 
interaction of 17β-Estradiol with prolactin and theophylline 

release of calcium ions from intracellular stores of porcine 

oocytes. E2 supports the growth and viability of oocyte 

granulosa complexes in bovine (Taketsuru et al., 2012) [75]. 

Showed a significant inhibitory effect of 10-100 μg/ml 
concentration of 17β-Estradiol on the progression of oocyte 

maturation to MetaphaseⅡ (MⅡ) in prepubertal goats. No 
effect was observed with 1 μg/ml E2 supplementation on the 

progression of in-vitro matured oocytes to MⅡ stage 
compared to control groups. Transient supplementation of 

E2 improved the developmental competence of oocytes and 

enhanced the blastocyst formation rates in porcine (Kim et 

al., 2012) [41]. In conclusion, supplementation with 1 μg/ml 
of E2 is the best concentration recommended in the in-vitro 

development of oocytes and embryos in several livestock 

species. 

 

Follicle-stimulating hormone (FSH) 

Follicle-stimulating hormone (FSH) is a gonadotropin and a 

glycopeptide protein hormone (Cahoreau, Klett, and 

Combarnous, 2015) [17] synthesized and secreted by the 

anterior pituitary gland. In several vertebrates, FSH is 

essential in reproductive processes (Ulloa-Aguirre et al., 

1999; Loof et al., 2001) [77, 26]. FSH consists of two 

polypeptide chains (α and β subunit) associated non-

covalently and exhibit no biological activity when present 

alone; however, they regain this activity upon 

recombination. FSH is involved in the development process, 

like folliculogenesis and steroidogenesis in the ovary (Santi 

et al., 2018) [66], by acting on the ovarian granulosa cells and 

the sertoli cells in the testis. Supplementation of FSH in the 

in vitro maturation studies showed improved fertilization 

rates, enhanced embryonic developmental competency 

(Izadyar, Zeinstra, and Bevers, 1998) [37], and cumulus cell 

expansion (Calder et al., 2003) [18]. The action of FSH on 

oocyte maturation is poorly understood, but many reports 

have suggested that its action is mediated by cumulus cells. 

Observations have shown that FSH receptor mRNA is 

present in granulosa and cumulus cells but not detected in 

oocytes isolated from bovine antral follicles (vanTol et al., 

1996) [78]. Ferreira et al., 2016 [32] reported that in vitro 

supplementation of FSH (100 μg/ml) with 10 μg/ml insulin 
improved follicular and oocyte growth in caprine. Bahrami, 

Morris, and Day, 2019 [8] reported that supplementation of 

1μg/ml FSH to the culture media enhanced the number of 
metaphase Ⅱ oocytes in bovine. in vitro supplementation of 

FSH (10 U/ml), LH (10 U/ml), and glutathione (GSH) 

enhanced the maturation rates of Grade B and Grade C 

oocytes in ovine (Ren et al., 2021) [61]. No significant 

increment was observed in Grade A oocyte maturation rates. 

Takada et al., 2012 [74] reported 0.5-1 μg/ml FSH as the 
best-suited concentration for in vitro developmental 
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 competency of bovine embryos. FSH (20 μg/ml) 
supplementation in oocyte maturation media resulted in 

higher MII rates (Roth and Hansen, 2005) comparable to 

0.05 IU/ml FSH (Beker, Colenbrander, and Bevers, 2002) 

[12]. Singha et al., 2015 reported that 5 μg/ml FSH-

supplemented media showed significantly higher maturation 

rates than the gonadotrophin-supplemented counterpart in 

indigenous zebu cattle. FSH is essential for in vitro 

maturation of oocytes and cumulus cell expansion in 

buffaloes (Pandey et al., 2010) [56]. Some studies reported no 

increment in maturation rates after supplementing with FSH 

(Younis et al., 1989) [84]. FSH supplementation enhances the 

in vitro maturation rates. It helps in the activation and 

survival of preantral follicles in ovarian tissues of equine 

(FSH-50 ng/ml) (Aguair et al., 2016) [2], caprine (FSH-50 

ng/ml) (Celestino et al., 2011; Barros et al., 2013) [21, 11], 

ovine (FSH-100 ng/ml) (Patel et al., 2013) [57], and bovine 

(FSH-50 ng/ml) (McLaughlin et al., 2010) [54]. Widayati and 

Pangestu, 2020 [82] studied the effect of supplementation of 

FSH (50 IU/L) on in vitro maturation and embryonic 

development of caprine. In conclusion, FSH enhances the 

preantral follicular development, in vitro maturation of 

oocytes, and developmental competency of embryos in 

livestock species. No fixed concentration is found for the 

individual supplementation of FSH due to species variation 

and different research contexts.  

 

Triiodothyronine and Tetraiodothyronine 

Triiodothyronine (T3) and Tetraiodothyronine (T4) are the 

two tyrosine-containing thyroid hormones produced by the 

thyroid glands and are primarily responsible for metabolism 

regulation. T3 and T4 are produced by thyroid-stimulating 

hormone (TSH) released from the anterior pituitary gland 

(Li et al., 2021) [46]. Both T3 and T4 with their active 

metabolites are essential for promoting the development of 

the brain, supporting the functions of heart, muscle, and 

bone health, and regulating metabolic rates in the body (Kim 

and Mohan, 2013; Mullur et al., 2014) [40, 55]. Thyroid 

hormone supplementation in the culture media plays a vital 

role in the enhancement of in vitro maturation, fertilization, 

and blastocyst development in various livestock species. 

Asadpour et al., 2021 [5] reported that the addition of thyroid 

hormone to the IVM medium had controversial effects on 

the development of ovine oocytes. The lower dose of T3 (10 

ng/ml) reduced the apoptosis rate in blastocysts, and the 

higher dose (100 ng/ml) had detrimental effects significantly 

(p<0.001) decreasing cumulus expansion and blastocyst 

rates compared to control and other treatment groups. Some 

studies reported that in vitro supplementation of culture 

media with thyroxine hormone at 100 ng/ml showed a 

significant increase in cleavage rates and early embryo 

development (Singh et al., 2020) [69]. The cleavage and 

morula rates were significantly higher (p<0.05) in the T3 (50 

ng/ml and 100 ng/ml) supplemented groups, suggesting that 

triiodothyronine may have increased the morula rate after 

fertilization (Singh et al., 2017) [68]. Conducted a study to 

evaluate the effect of 1,000 ng/ml recombinant bovine 

somatotropin (rbST) and 20 ng/ml thyroxine (T4), which did 

not exert beneficial effects on the survival and growth of 

bovine preantral ovarian follicles (PAOF) cultured in vitro. 

Combinatorial effect of T3 (50 ng/ml) and T4 (50 ng/ml) in 

the IVC improved embryos' developmental competency in 

bovine (Ashkar et al., 2010) [6]. Costa et al., 2013 [24] 

reported that adding 50 nM and 100 nM T3 to the IVM 

medium significantly increased (p<0.05) the rate of hatched 

blastocysts compared to the control and 25 nM groups. The 

thyroid hormone-treated embryos exhibited a significant 

(p<0.05) increase in blastocyst formation and hatching rates, 

with embryo quality demonstrated by higher total cell 

counts and reduced proportions of apoptotic cells (Ashkar et 

al., 2010) [6]. Supplementation of T4 (1 µg/ml) combined 

with follicle-stimulating hormone (FSH), insulin growth 

factor 1 (IGF-I), and growth hormone (GH) enhanced the 

maturation of oocytes to the Metaphase-II stage in preantral 

follicles of ovine (Arunakumari, Shanmugasundaram, and 

Rao, 2010) [4]. Bera et al., 2024 [13] reported the combination 

of T3 (100 ng/ml) and T4 (100 ng/ml) enhanced the 

developmental competence of immature cattle oocytes and 

increased the blastocyst rate. The optimum concentration of 

T3 and T4 for the development of embryos in bovine ranges 

between 50-100 ng/ml. Very few studies reported the in 

vitro supplementation of T3 and T4 in porcine, caprine, and 

ovine embryo development. 

 

Conclusion 

In conclusion of this overview, the supplementation of 

different hormones in the in vitro culture media has shown 

promising results in the in vitro maturation of oocytes, 

enhancing the embryonic developmental competency and 

promoting a higher success rate of in vitro embryo 

production. Including these hormones in the maturation 

medium can improve the nuclear and cytoplasmic 

maturation of oocytes, enhancing the quality of oocytes and 

influencing the success of embryogenesis. However, it is 

important to note that the supplementation of these 

hormones in the culture medium needs to be optimized in 

combinations and concentrations, as they may vary based on 

individual circumstances such as age, breed, species, and 

reproductive history. Further studies need to be done to 

understand the mechanism of their effects on in vitro 

embryo development.  

 

Author contributions 

Writing-Original draft preparation, S.B., R.S., S.D; 

reviewing and editing-S.B., R.S. All authors have read and 

agreed to the published version of the manuscript. 

 

Institutional Review Board Statement 

Not applicable 

 

Informed Consent Statement 

Not applicable 

 

Data Availability Statement 

Not applicable 

 

Conflicts of interest 

The authors declare no conflict of interest 

 

Funding information 

No funding has been received. 

 

References 

1. Absalón-Medina VA, Butler WR, Gilbert RO. 

Preimplantation embryo metabolism and culture 

systems: experience from domestic animals and clinical 

implications. Journal of Assisted Reproduction and 

Genetics. 2014;31:393-409. 

https://www.biochemjournal.com/


 

~ 187 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   

 
2. Aguiar FLN, Lunardi FO, Lima LF, Rocha RMP, 

Bruno JB, Magalhães-Padilha DM, et al. FSH 

supplementation to culture medium is beneficial for 

activation and survival of preantral follicles enclosed in 

equine ovarian tissue. Theriogenology. 

2016;85(6):1106-1112. 

3. Aparicio IM, Garcia-Herreros M, O'Shea LC, Hensey 

C, Lonergan P, Fair T. Expression, regulation, and 

function of progesterone receptors in bovine cumulus 

oocyte complexes during in vitro maturation. Biology 

of Reproduction. 2011;84(5):910-921. 

4. Arunakumari G, Shanmugasundaram N, Rao VH. 

Development of morulae from the oocytes of cultured 

sheep preantral follicles. Theriogenology. 

2010;74(5):884-894. 

5. Asadpour R, Ahmadnejad F, Roshangar L, Saberivand 

A, Hajibemani A. The supplementation of ovine oocyte 

maturation medium with triiodothyronine affects the 

embryo development and apoptotic gene expression. 

Journal of the Hellenic Veterinary Medical Society. 

2021;72(3):3195-3202. 

6. Ashkar FA, Semple E, Schmidt CH, St. John E, 

Bartlewski PM, King WA. Thyroid hormone 

supplementation improves bovine embryo development 

in vitro. Human Reproduction. 2010;25(2):334-344. 

7. Bahrami M, Cottee PA. Culture conditions for in vitro 

maturation of oocytes-A review. Reproduction and 

Breeding. 2022;2(2):31-36. 

8. Bahrami M, Morris MB, Day ML. Amino acid 

supplementation of a simple inorganic salt solution 

supports efficient in vitro maturation (IVM) of bovine 

oocytes. Scientific Reports. 2019;9(1):11739. 

9. Bain DL, Heneghan AF, Connaghan-Jones KD, Miura 

MT. Nuclear receptor structure: implications for 

function. Annual Review of Physiology. 

2007;69(1):201-220. 

10. Barrera D, Avila E, Díaz L. Immunological role of 

progesterone in the maintenance of pregnancy. Revista 

de Investigacion Clinica. 2007;59(2):139-145. 

11. Barros VRP, Cavalcante AYP, Macedo TJS, Barberino 

RS, Lins TLB, Gouveia BB, et al. Immunolocalization 

of melatonin and follicle-stimulating hormone receptors 

in caprine ovaries and their effects during in vitro 

development of isolated pre-antral follicles. 

Reproduction in Domestic Animals. 2013;48(6):1025-

1033. 

12. Beker ARCL, Colenbrander B, Bevers MM. Effect of 

17β-estradiol on the in vitro maturation of bovine 

oocytes. Theriogenology. 2002;58(9):1663-1673. 

13. Bera S, Pramanik A, Menda R, Shah V, Prasad S, 

Santra A, et al. Effect of different growth factors on the 

developmental competence and quality of cattle 

oocytes. Indian Journal of Animal Research. 2024;1:6. 

14. Bevers MM, Dieleman SJ, Van den Hurk R, Izadyar F. 

Regulation and modulation of oocyte maturation in the 

bovine. Theriogenology. 1997;47(1):13-22. 

15. Bulletti C, Bulletti FM, Sciorio R, Guido M. 

Progesterone: the key factor of the beginning of life. 

International Journal of Molecular Sciences. 

2022;23(22):14138. 

16. Cahill MA. Progesterone receptor membrane 

component 1: an integrative review. The Journal of 

Steroid Biochemistry and Molecular Biology. 

2007;105(1-5):16-36. 

17. Cahoreau C, Klett D, Combarnous Y. Structure-

function relationships of glycoprotein hormones and 

their subunits’ ancestors. Frontiers in Endocrinology. 
2015;6:26. 

18. Calder MD, Caveney AN, Smith LC, Watson AJ. 

Responsiveness of bovine cumulus-oocyte-complexes 

(COC) to porcine and recombinant human FSH, and the 

effect of COC quality on gonadotropin receptor and 

Cx43 marker gene mRNAs during maturation in vitro. 

Reproductive Biology and Endocrinology. 2003;1:1-12. 

19. Carneiro G, Lorenzo P, Pimentel C, Pegoraro L, 

Bertolini M, Ball B, et al. Influence of insulin-like 

growth factor-I and its interaction with gonadotropins, 

estradiol, and fetal calf serum on in vitro maturation 

and parthenogenic development in equine oocytes. 

Biology of Reproduction. 2001;65(3):899-905. 

20. Catalá MG, Izquierdo D, Rodríguez-Prado M, 

Hammami S, Paramio MT. Effect of oocyte quality on 

blastocyst development after in vitro fertilization (IVF) 

and intracytoplasmic sperm injection (ICSI) in a sheep 

model. Fertility and Sterility. 2012;97(4):1004-1008. 

21. Celestino JJH, Bruno JB, Saraiva MVA, Rocha RM, 

Brito IR, Duarte ABG, et al. Steady-state level of 

epidermal growth factor (EGF) mRNA and effect of 

EGF on in vitro culture of caprine preantral follicles. 

Cell and Tissue Research. 2011;344:539-550. 

22. Cho MH, Kim SH, Lee DK, Lee M, Lee CK. 

Progesterone receptor membrane component 1 

(PGRMC1)-mediated progesterone effect on 

preimplantation development of in vitro produced 

porcine embryos. Theriogenology. 2020;147:39-49. 

23. Choi JW, Kim SW, Kim HS, Kang MJ, Kim SA, Han 

JY, et al. Effects of melatonin, GM-CSF, IGF-1, and 

LIF in culture media on embryonic development: 

potential benefits of individualization. International 

Journal of Molecular Sciences. 2024;25(2):751. 

24. Costa NN, Cordeiro MS, Silva TVG, Sastre D, Santana 

PPB, Sá ALA, et al. Effect of triiodothyronine on 

developmental competence of bovine oocytes. 

Theriogenology. 2013;80(4):295-301. 

25. D'Haeseleer M, Simoens P, Van Den Broeck W. Cell-

specific localization of progesterone receptors in the 

bovine ovary at different stages of the oestrous cycle. 

Animal Reproduction Science. 2007;98(3-4):271-281. 

26. De Loof A, Baggerman G, Breuer M, Claeys I, 

Cerstiaens A, Clynen E, et al. Gonadotropins in insects: 

an overview. Archives of Insect Biochemistry and 

Physiology. 2001;47(3):129-138. 

27. Ding Z, Duan H, Ge W, Lv J, Zeng J, Wang W, et al. 

Regulation of progesterone during follicular 

development by FSH and LH in sheep. Animal 

Reproduction. 2022;19:e20220027. 

28. Dudley CA, Cooper KJ, Moss RL. Progesterone-

induced mating behavior in rats on the day following 

spontaneous heat. Physiology & Behavior. 

1980;25(5):759-762. 

29. Dumesic DA, Schramm RD, Bird IM, Peterson E, 

Paprocki AM, Zhou R, et al. Reduced intrafollicular 

androstenedione and estradiol levels in early-treated 

prenatally androgenized female rhesus monkeys 

receiving follicle-stimulating hormone therapy for in 

vitro fertilization. Biology of Reproduction. 

2003;69(4):1213-1219. 

https://www.biochemjournal.com/


 

~ 188 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   

 
30. Ealy AD, Wooldridge LK, McCoski SR. BOARD 

INVITED REVIEW: Post-transfer consequences of in 

vitro-produced embryos in cattle. Journal of Animal 

Science. 2019;97(6):2555-2568. 

31. Ferguson CE, Kesler DJ, Godke RA. Progesterone 

enhances in vitro development of bovine embryos. 

Theriogenology. 2012;77(1):108-114. 

32. Ferreira ACA, Maside C, Sá NAR, Guerreiro DD, 

Correia HHV, Leiva-Revilla J, et al. Balance of insulin 

and FSH concentrations improves the in vitro 

development of isolated goat preantral follicles in 

medium containing GH. Animal Reproduction Science. 

2016;165:1-10. 

33. Golub MS, Kaufman FL, Campbell MA, Li LH, Donald 

JM. “Natural” progesterone: information on fetal 
effects. Birth Defects Research Part B: Developmental 

and Reproductive Toxicology. 2006;77(5):455-470. 

34. Guo L, Tang B, Ma X, Gao F, Zhang JB, Li ZY. 339 

EFFECTS OF 17-β estradiol and cysteamine on in vitro 

maturation of beef cattle oocytes. Reproduction, 

Fertility and Development. 2009;22(1):326-326. 

35. Hammami S, Morató R, Romaguera R, Roura M, 

Catalá MG, Paramio MT, et al. Developmental 

competence and embryo quality of small oocytes from 

pre‐pubertal goats cultured in IVM medium 
supplemented with low level of hormones, insulin-

transferrin-selenium and ascorbic acid. Reproduction in 

Domestic Animals. 2013;48(2):339-344. 

36. Hansen PJ. The incompletely fulfilled promise of 

embryo transfer in cattle—why aren’t pregnancy rates 
greater and what can we do about it?. Journal of Animal 

Science. 2020;98(11):skaa288. 

37. Izadyar F, Zeinstra E, Bevers MM. Follicle‐stimulating 
hormone and growth hormone act differently on nuclear 

maturation while both enhance developmental 

competence of in vitro matured bovine oocytes. 

Molecular Reproduction and Development. 

1998;51(3):339-345. 

38. Shabankareh KH, Sarsaifi K, Mehrannia T. in vitro 

maturation of ovine oocytes using different maturation 

media: effect of human menopausal serum. Journal of 

Assisted Reproduction and Genetics. 2011;28:531-537. 

39. Kątska-Książkiewicz L, Ryńska B, Gajda B, Smorąg Z. 
Effect of donor stimulation, frozen semen and heparin 

treatment on the efficiency of in vitro embryo 

production in goats. Theriogenology. 2004;62(3-4):576-

586. 

40. Kim HY, Mohan S. Role and mechanisms of actions of 

thyroid hormone on the skeletal development. Bone 

Research. 2013;1(1):146-161. 

41. Kim JS, Song BS, Sim BW, Kim YH, Yoon SB, Cha JJ, 

et al. Induction of autophagy improves 

nuclear/cytoplasmic maturity of porcine oocytes. 

Reproductive & Developmental Biology (Supplement). 

2012;36(2):97-97. 

42. Kubo N, Cayo‐Colca IS, Miyano T. Effect of 
estradiol‐17β during in vitro growth culture on the 

growth, maturation, cumulus expansion and 

development of porcine oocytes from early antral 

follicles. Animal Science Journal. 2015;86(3):251-259. 

43. Kyasari OR, Valojerdi MR, Farrokhi A, Ebrahimi B. 

Expression of maturation genes and their receptors 

during in vitro maturation of sheep COCs in the 

presence and absence of somatic cells of cumulus 

origin. Theriogenology. 2012;77(1):12-20. 

44. Larson JE, Krisher RL, Lamb GC. Effects of 

supplemental progesterone on the development, 

metabolism and blastocyst cell number of bovine 

embryos produced in vitro. Reproduction, Fertility and 

Development. 2011;23(2):311-318. 

45. Leoni GG, Rosati I, Succu S, Bogliolo L, Bebbere D, 

Berlinguer F, et al. A low oxygen atmosphere during 

IVF accelerates the kinetic of formation of in vitro 

produced ovine blastocysts. Reproduction in Domestic 

Animals. 2007;42(3):299-304. 

46. Li J, Bai L, Wei F, Wei M, Xiao Y, Yan W, et al. Effect 

of addition of thyroxine in the treatment of Graves’ 
disease: a systematic review. Frontiers in 

Endocrinology. 2021;11:560157. 

47. Lodde V, Garcia Barros R, Terzaghi L, Franciosi F, 

Luciano AM. Insights on the role of PGRMC1 in 

mitotic and meiotic cell division. Cancers. 

2022;14(23):5755. 

48. Lodde V, Luciano AM, Barros RG, Giovanardi G, 

Sivelli G, Franciosi F. The putative role of progesterone 

receptor membrane component 1 in bovine oocyte 

development and competence. Animal. 

2023;17:100783. 

49. Loutradis D, Beretsos P, Arabatzi E, Anagnostou E, 

Drakakis P. The role of steroid hormones in ART. The 

Journal of Steroid Biochemistry and Molecular 

Biology. 2008;112(1-3):1-4. 

50. Lv L, Yue W, Liu W, Ren Y, Li F, Lee KB, Smith GW. 

Effect of oocyte selection, estradiol and antioxidant 

treatment on in vitro maturation of oocytes collected 

from prepubertal Boer goats. Italian Journal of Animal 

Science. 2010;9(1):e11. 

51. Mahesh VB, Murphy LL, O’Conner JL. Selective 
modulation of FSH and LH secretion by steroids. In: 

Hsueh AJW, Adashi EY, editors. Regulation of Ovarian 

and Testicular Function. New York: Springer; 1987. p. 

131-152. 

52. Maksura H, Akon N, Islam MN, Akter I, Modak AK, 

Khatun A, et al. Effects of estradiol on in vitro 

maturation of buffalo and goat oocytes. Reproductive 

Medicine and Biology. 2021;20(1):62-70. 

53. Martins T, Pugliesi G, Sponchiado M, Gonella-Diaza 

AM, Ojeda-Rojas OA, Rodriguez FD, et al. 

Perturbations in the uterine luminal fluid composition 

are detrimental to pregnancy establishment in cattle. 

Journal of Animal Science and Biotechnology. 

2018;9:1-11. 

54. McLaughlin M, Telfer EE. Oocyte development in 

bovine primordial follicles is promoted by activin and 

FSH within a two-step serum-free culture system. 

Reproduction. 2010;139(6):971-978. 

55. Mullur R, Liu YY, Brent GA. Thyroid hormone 

regulation of metabolism. Physiological Reviews. 

2014;94(2):355-382. 

56. Pandey A, Gupta SC, Gupta N. Effect of FSH and LH 

hormones on oocyte maturation of buffalo and gene 

expression analysis of their receptors and Cx43 in 

maturing oocytes. Zygote. 2010;18(3):231-234. 

57. Patel H, Bhartiya D, Parte S, Gunjal P, Yedurkar S, 

Bhatt M. Follicle stimulating hormone modulates 

ovarian stem cells through alternately spliced receptor 

https://www.biochemjournal.com/


 

~ 189 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   

 
variant FSH-R3. Journal of Ovarian Research. 

2013;6:1-15. 

58. Paulino LRFM, Barroso PAA, Silva AWB, Souza ALP, 

Bezerra FTG, Silva BR, et al. Effects of epidermal 

growth factor and progesterone on development, 

ultrastructure and gene expression of bovine secondary 

follicles cultured in vitro. Theriogenology. 

2020;142:284-290. 

59. Pawshe CH, Palanisamy A, Taneja M, Jain SK, Totey 

SM. Comparison of various maturation treatments on in 

vitro maturation of goat oocytes and their early 

embryonic development and cell numbers. 

Theriogenology. 1996;46(6):971-982. 

60. Pereira GR, Lorenzo PL, Carneiro GF, Ball BA, 

Pegoraro LMC, Pimentel CA, et al. Influence of equine 

growth hormone, insulin-like growth factor-I and its 

interaction with gonadotropins on in vitro maturation 

and cytoskeleton morphology in equine oocytes. 

Animal. 2013;7(9):1493-1499. 

61. Ren Y, Wang JJ, Wang LN, Wang Y, Qiao J, Zhen 

XM, et al. Management of infertility and long-term 

follow-up in women with follicle-stimulating hormone-

secreting adenoma. Chinese Medical Journal. 

2021;134(1):101-103. 

62. Rossato M, Nogara A, Merico M, Ferlin A, Foresta C. 

Identification of functional binding sites for 

progesterone in rat Leydig cell plasma membrane. 

Steroids. 1999;64(1-2):168-175. 

63. Roth Z, Hansen PJ. Disruption of nuclear maturation 

and rearrangement of cytoskeletal elements in bovine 

oocytes exposed to heat shock during maturation. 

Reproduction. 2005;129(2):235-244. 

64. Ryan DP, Spoon RA, Williams GL. Ovarian follicular 

characteristics, embryo recovery, and embryo viability 

in heifers fed high-fat diets and treated with follicle-

stimulating hormone. Journal of Animal Science. 

1992;70(11):3505-3513. 

65. Sang L, Xiao Y, Jiang Z, Forde N, Tian XC, Lonergan 

P, et al. Atlas of receptor genes expressed by the bovine 

morula and corresponding ligand‐related genes 
expressed by uterine endometrium. Molecular 

Reproduction and Development. 2021;88(10):694-704. 

66. Santi D, Potì F, Simoni M, Casarini L. 

Pharmacogenetics of G-protein-coupled receptors 

variants: FSH receptor and infertility treatment. Best 

Practice & Research Clinical Endocrinology & 

Metabolism. 2018;32(2):189-200. 

67. Shimada M, Terada T. FSH and LH induce 

progesterone production and progesterone receptor 

synthesis in cumulus cells: a requirement for meiotic 

resumption in porcine oocytes. Molecular Human 

Reproduction. 2002;8(7):612-618. 

68. Singh AK, Prakash C, Rohit K, Karunakaran M, Santra 

A, Das SK. in vitro development of cattle embryos 

using triiodothyronine as a media supplement. 

International Journal of Advanced Biotechnology 

Research. 2017;7:25-31. 

69. Singh AK, Prakash C, Rohit K, Santra A, Das SK. 

Cattle embryos development through in vitro 

techniques using thyroxine hormone as a culture media 

supplement. Indian Research Journal of Genetics and 

Biotechnology. 2020;12(1):24-29. 

70. Singha JK, Bhuiyan MMU, Rahman MM, Bari FY. 

Comparison of culture media for in vitro maturation of 

oocytes of indigenous Zebu cows in Bangladesh. 

Journal of Embryo Transfer. 2015;30(4):327-333. 

71. Sirard MA, Parrish JJ, Ware CB, Leibfried-Rutledge 

ML, First NL. The culture of bovine oocytes to obtain 

developmentally competent embryos. Biology of 

Reproduction. 1988;39(3):546-552. 

72. Sirotkin AV. Involvement of steroid hormones in 

bovine oocytes maturation in vitro. The Journal of 

Steroid Biochemistry and Molecular Biology. 

1992;41(3-8):855-858. 

73. Spencer TE, Johnson GA, Burghardt RC, Bazer FW. 

Progesterone and placental hormone actions on the 

uterus: insights from domestic animals. Biology of 

Reproduction. 2004;71(1):2-10. 

74. Takada L, Junior AM, Mingoti GZ, Balieiro JCDC, 

Cipolla-Neto J, Coelho LDA. Effect of melatonin on 

DNA damage of bovine cumulus cells during in vitro 

maturation (IVM) and on in vitro embryo development. 

Research in Veterinary Science. 2012;92(1):124-127. 

75. Taketsuru H, Hirao Y, Takenouchi N, Iga K, Miyano T. 

Effect of androstenedione on the growth and meiotic 

competence of bovine oocytes from early antral 

follicles. Zygote. 2012;20(4):407-415. 

76. Tríbulo P, Siqueira LGB, Oliveira LJ, Scheffler T, 

Hansen PJ. Identification of potential embryokines in 

the bovine reproductive tract. Journal of Dairy Science. 

2018;101(1):690-704. 

77. Ulloa-Aguirre A, Timossi C, Damián-Matsumura P, 

Dias JA. Role of glycosylation in function of follicle-

stimulating hormone. Endocrine. 1999;11:205-215. 

78. Van Tol HTA, Van Eijk MJT, Mummery CL, Van Den 

Hurk R, Bevers MM. Influence of FSH and hCG on the 

resumption of meiosis of bovine oocytes surrounded by 

cumulus cells connected to membrana granulosa. 

Molecular Reproduction and Development. 

1996;45(2):218-224. 

79. VIu D, Kuz'mina TI. Peculiarities of theophylline and 

prolactin interaction and calcium fluctuation from 

intracellular stores of porcine oocytes in the presence of 

estradiol. Tsitologiia. 2005;47(8):709-713. 

80. Wang HL, Chang ZL, Li KL, Lian HY, Han D, Cui W, 

et al. Caffeine can be used for oocyte enucleation. 

Cellular Reprogramming. 2011;13(3):225-232. 

81. Wang Z, Lin P, Yu S. Effects of ghrelin on 

developmental competence and gene expression of in 

vitro fertilized ovine embryos. Theriogenology. 

2013;79(4):695-701. 

82. Widayati DT, Pangestu M. Effect of follicle-stimulating 

hormone on Bligon goat oocyte maturation and 

embryonic development post in vitro fertilization. 

Veterinary World. 2020;13(11):2443. 

83. Yoon JD, Jeon Y, Cai L, Hwang SU, Kim E, Lee E, et 

al. Effects of coculture with cumulus-derived somatic 

cells on in vitro maturation of porcine oocytes. 

Theriogenology. 2015;83(2):294-305. 

84. Younis AI, Brackett BG, Fayrer‐Hosken RA. Influence 
of serum and hormones on bovine oocyte maturation 

and fertilization in vitro. Gamete Research. 

1989;23(2):189-201. 

85. Yuan B, Liang S, Jin YX, Kwon JW, Zhang JB, Kim 

NH. Progesterone influences cytoplasmic maturation in 

porcine oocytes developing in vitro. Peer J. 

2016;4:e2454. 

https://www.biochemjournal.com/


 

~ 190 ~ 

International Journal of Advanced Biochemistry Research  https://www.biochemjournal.com 

   

 
86. Zhang Y, Nadeau M, Faucher F, Lescelleur O, Biron S, 

Daris M, et al. Progesterone metabolism in adipose 

cells. Molecular and Cellular Endocrinology. 

2009;298(1-2):76-83. 

87. Zhu Y, Bond J, Thomas P. Identification, classification, 

and partial characterization of genes in humans and 

other vertebrates homologous to a fish membrane 

progestin receptor. Proceedings of the National 

Academy of Sciences. 2003;100(5):2237-2242. 

 

https://www.biochemjournal.com/

