


Comparative study of estradiol-supported in-vitro maturation in Hariana and Sahiwal oocytes under weekly and bi-weekly protocols

ABSTRACT
Estradiol is a key hormone that helps in the development and growth of bovineoocytes, playing an important role in in-vitro maturation (IVM) outcomes for cattle.This study evaluated the effects of estradiol supplementation at concentrations of 0.5 μg/mL, 1.0 μg/mL, and 1.5 μg/mL on the maturation of oocytes retrieved from super-stimulated Hariana and Sahiwal cows (n = 6 per breed) using ovum pick-up (OPU) protocols. Weekly and bi-weekly OPU intervals were compared to assess the influence of retrieval frequency. Maturation rates were evaluated through cumulus expansion and polar body extrusion. Data were analyzed using one-way ANOVA with significance set at 5% and 1%. The results revealed optimal maturation rates of 80.44% at 1.5 μg/mL and 73.88% at 1.0 μg/mL estradiol, respectively, with weekly OPU yielding superior outcomes. These findings provide valuable insights into refining IVM protocols and advancing assisted reproductive technologies (ARTs) for sustainable cattle breeding.
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1.Introduction
Cattle breeding programs primarily focus on improving reproduction efficiency to enhance genetics and productivity(Hunde et al., 2024), particularly in native breeds like Sahiwal and Hariana. Assisted reproductive technologies (ARTs) such as in-vitro maturation (IVM) help address reproduction challenges and improve oocyte development outcomes (Sirard et al., 2006; Viana, 2022). Hormones are essential for the IVM success. The steroid hormone estradiol plays a key role in oocyte maturation by aiding nuclear and cytoplasmic maturation, follicle growth, and cumulus cell expansion(Paramio and Izquierdo, 2014; Tkachenko et al., 2015). In buffalo and goats, estradiol has been shown to improve IVM outcomes, but its effect on cow oocytes is not as well understood (Maksura et al.,2021). 
Important maturation processes are controlled by pathways inside the cell, influenced by estradiol (Richani and Gilchrist, 2018; He et al., 2021; Takahashi and Ogiwara, 2023). These include pathways managed by cAMP and EGF-like peptides. Although estradiol shows potential, more research is needed because studies give mixed results about the ideal estradiol levels for cow oocytes.Ovum pick-up (OPU) session frequency is also known to influence oocyte quality and maturation rates; weekly procedures typically produce better results than bi-weekly intervals (Kang et al. 2019; Rizos et al. 2002). In order to maximize IVM efficiency, this diversity highlights how crucial it is to customize hormone supplementation and retrieval regimens (Bahrami and Cottee, 2022; Ahmad et al., 2023;Fakruzzaman et al., 2025).
The effects of varying amounts of estradiol supplementation on the in vitro maturation of oocytes taken from the Hariana and Sahiwal cattle breeds are assessed in this study. To improve IVM procedures and promote ARTs in bovine reproduction, this study will determine the ideal estradiol concentrations and evaluate their effects on cumulus expansion and polar body extrusion.
2. Materials and Methods
2.1 Experimental Animals
Twelve repeat-breeder cows (n=6 Hariana, n=6 Sahiwal)were randomly assigned to two groups: one group received weekly ovum pick-up (OPU), while the other group received bi-weekly OPU. Throughout the trial, all animals were managed, housed and fed in the same way. Prior to the study, ultrasonography was performed to check normal ovarian function such that only cows with regular follicular activity and no pathological abnormalities were involved in the experiment.
2.2 Superstimulation Protocol
A dosage of 1000 IU of equine chorionic gonadotropin (eCG) per cow was administered to induce ovarian superstimulation. Follicular development was monitored using transrectal ultrasonography, and follicles were classified according to Ginther et al. (1989) into three size categories: small (<4 mm), medium (4–8 mm), and large (>8 mm). Only follicles in the medium and large size ranges were aspirated for oocyte retrieval, as these follicles are associated with higher oocyte quality and developmental competence. Follicle size data were recorded for protocol standardization but were not included in the statistical analysis of this study, as the primary objective was to evaluate the effect of estradiol supplementation and OPU frequency on oocyte maturation rates. 
2.3 Ovum Pick-Up (OPU) and Oocyte Collection
Using OPU techniques,Oocytes were collected 72 h after superstimulation by transvaginal OPU as per standard protocol (Hansen, 2023).The study was conducted on 12 repeat-breeding indigenous cows i.e., six Hariana and six Sahiwal maintained at the institutional herd. The animal were randomly divided in two group with equal representation of both the breeds. Superstimulation was performed using equine chorionic gonadotropin (eCG; 1000 IU, intramuscular), administered irrespective of the stage of the estrous cycle. Group I (Bi-weekly protocol): Six cows (3 Hariana, 3 Sahiwal) received superstimulation twice per week (minimum 72 hours between OPU sessions).Group II (Weekly protocol): Six cows (3 Hariana, 3 Sahiwal) received superstimulation once a week, with ovum pick-up (OPU) performed 72 hours post-eCG administration each time.
The collected cumulus-oocyte complexes (COC’s) were evaluated according to their cumulus cell layers: Grade A: Oocytes with more than five complete layers of cumulus cells and uniform granulation of ooplasm, Grade B: Oocytes with 3 to 5 complete layers of cumulus cells and uniform granulation of ooplasm, Grade C: Oocytes with 1 to 2 complete layers of cumulus cells and uniform granulation of ooplasm and Grade D: Denuded oocytes with uniform granulation of ooplasm
This protocol was followed to evaluate the effect of estradiol supplementation and OPU frequency on oocyte maturation rates, ensuring uniformity in hormonal treatment and sampling intervals for both groups.Only Grade A, B, and C COCs were selected for in-vitro maturationas these grades are associated with greater developmental competence and better maturation outcomes(Hashimoto et al., 1999). This selection ensures that only oocytes with adequate cumulus investment required for successful nuclear and cytoplasmic maturation are used in the study.

2.4 In-Vitro Maturation (IVM) Procedure
Selected oocytes were matured in BO-IVM medium supplemented withthree different concentrations i.e., 0.5 μg/mL,1.0 μg/mL and 1.5 μg/mL estradiol.IVM was conducted at 38.5°C in a humidified atmosphere of 5% CO₂ for 22–24 hours.
2.5 Assessment of Maturation
After 22-24 hrs of in-vitro culture of oocytes, the assessment of maturation was done by the degree of expansion of cumulus cell mass and graded as per Kobayashi et al. (1994) as. Degree 0: Degree 1: Degree 2: Slight or no expansion (Cumulus cells adhered to the zona pellucida) Moderate cumulus cells expansion (Cumulus cells non-homogenously spread with presence of clustered cells) Full cumulus cells expansion (All cumulus cells homogenously spread, no clustered cells) The maturation rate was calculated by dividing the total number of matured oocytes by the total number of cultured oocytes and multiplying the results by 100. Oocytes with degree 1 and degree 2 cumulus expansions were considered as matured . Based on cumulus expansion, the cytoplasmic maturation rate (CMR) was calculated (Kobayashi et al., 1994).
2.6 Data Analysis
The data was analysed using suitable standard statistical methods using SPSS software. Data expressed as mean ± SEM. Statistical comparisons were performed using one-way ANOVA, with significance set at P<0.05 (*) and P<0.01 (**).
3. Results
3.1 Effect of Estradiol Supplementation on Oocyte Maturation Rates
The study examines how different estradiol concentrations (0.5 μg/mL, 1.0 μg/mL, and 1.5 μg/mL) affect oocyte maturation rates obtained through weekly and biweekly collection procedures. The maturation rates were evaluated through the assessment of cumulus expansion at three stages: no expansion, first degree expansion and second degree expansion.
3.1.1 Weekly Collection Protocol
The oocyte maturation rates at 1.0 μg/mL and 1.5 μg/mL estradiol concentrations were significantly higher (72.48% and 80.44% respectively, P < 0.01) than those at 0.5 μg/mL (40.31%). The higher doses of estradiol resulted in full cumulus expansion which indicates better nuclear and cytoplasmic maturation of the oocytes.
3.1.2 Bi-Weekly Collection Protocol
The maximum maturation rate of 73.88% occurred when estradiol was at 1.0 μg/mL concentration similar to the weekly collection rate. The maturation rate dropped to 66.25% at 1.5 μg/mL concentration of estradiol. The study demonstrates that higher estradiol levels during OPU (Oocyte Pick-Up) periods do not appear to be a major source of adverse effects. 
3.1.3 Weekly vs. Bi-Weekly Comparison
Table 1: The study compares the maturation rates of oocytes (grade A, B & C) obtained after in-vitro maturation in BO-IVM™ supplemented with different concentrations (0.5, 1.0 & 1.5 µg/ml) of estradiol at different collection intervals (once vs twice a week).
					
	Maturation Media
	Time interval
	Number of oocytes subjected to Maturation
	Number matured
	Maturation rate (%)
	Oocytes without any cumulus expansion
	Maturation based on degree of cumulus expansion

	
	
	
	
	
	
	1st Degree
	2ndDegree

	BO-IVM™+ 0.5 µg/ml estradiol
	Weekly
	3.57±0.64
	1.71±0.48a
	40.31±8.29a
	1.86±0.24b
	1.29±0.48
	0.43±0.19

	
	Bi-weekly
	3.40±0.51
	1.50±0.26a
	41.62±5.28a
	1.90±0.30b
	1.00±0.28
	0.50±0.16

	BO-IVM™+ 1.0 µg/ml estradiol
	Weekly
	3.71±0.69
	2.71±0.63b
	72.48±6.47b
	1.00±0.20a
	1.29±0.33
	1.43±0.45

	
	Bi-weekly
	3.90±0.46
	2.80±0.28b
	73.88±5.00b
	1.10±0.26a
	1.40±0.29
	1.40±0.25

	BO-IVM™  + 1.5 µg/ml estradiol
	Weekly
	3.71±0.63
	2.86±0.47c
	80.44±6.98c**
	0.86±0.32a
	1.43±0.28
	1.43±0.40

	
	Bi-weekly

	3.90±0.56
	2.50±0.32d
	66.25±4.58d*
	1.40±0.29a
	1.30±0.28
	1.20±0.19


Different superscripts (a,b,c,d) indicate significant differences within each column. 
*:P < 0.05, **: P < 0.01 
The weekly OPU protocols showed higher maturation rates at 1.5 µg/mL estradiol concentration (80.44% vs. 66.25%; P < 0.01).
The maturation rates at 1.0 µg/mL estradiol were comparable between weekly and bi-weekly protocols which indicates its suitability across both intervals.
4. Discussion
The current study demonstrates that adding estradiol to the media significantly enhances the in-vitro maturation (IVM) of bovine oocytes, with concentrations of 1.0 μg/mL and 1.5 μg/mL yielding the better results. Estradiol is vital in regulating both nuclear and cytoplasmic maturation by promoting cumulus expansion and polar body extrusion, which are critical for oocyte competence (Richaniand Gilchrist, 2018; Sebopela et al., 2021; Maksura et al., 2021).These findings align with previous studies on how estradiol influences intracellular pathways, such as cAMP-mediated signalling, leading to improved oocyte developmental competence and cumulus cell communication (Gilchrist et al., 2008).
The differences between the results of weekly and biweekly ovum pick-up (OPU) protocols shows how important follicular turnover is for the quality of oocytes. With less follicular atresia and more medium-sized follicles, weekly OPU not only improved the retrieval rate but also produced better quality oocytes (Rizos et al., 2002). This supports earlier research that suggests frequent follicular aspiration creates a better environment for oocyte growth by preventing dominant follicle suppression (Kang et al., 2019; Sirard et al., 2006).Studies by Kim et al. (2011) and Cevik et al. (2011) similarly highlighted estradiol’s effectiveness in improving maturation rates across different oocyte recovery and culture conditions.
Strangely, bi-weekly schedules shown a decline (66.25%) in oocyte maturation rates, but weekly OPU protocols provided the maximum maturation rates (80.44%) at 1.5 μg/mL estradiol. This indicates that oocyte maturation is sensitive to retrieval frequency and hormonal dynamics.The effectiveness of estradiol at greater doses may be reduced by increased follicular atresia and changed oocyte quality brought on by extended intervals between follicular aspirations Additionally, prolonged OPU programs that involve high levels of estradiol exposure can cause problems with important signalling pathways that are involved in cumulus-oocyte communication (Uhde et al., 2018), including cAMP-mediated interactions that are vital for nuclear and cytoplasmic maturation.In order to make sure consistent maturation outcomes, these findings emphasise the need to simplify hormone supplementation based on accurate follicular turnover dynamics and oocyte retrieval frequency (Gliedt et al., 1996; Kim et al., 2014, Takahashi and Ogiwara, 2023).Yindee et al. (2011) has shown that inappropriate steroid environments or extended intervals before collection can disturb the timing and quality of cumulus expansion and compromise developmental competence, even when cumulus morphology appears acceptable.​
Estradiol's ability to change molecular interactions crucial for early embryo development is further shown by its role in promoting cumulus expansion. According to research, estradiol promotes the expression of genes related to follicle development and egg cell competence, such as FSHR and CYP19A1 (Viana et al., 2024). However, studies in other species have found that high-dose estrogen supplementation might produce uneven maturation and limit embryo growth potential (Kim et al., 2011; Tkachenko et al., 2015).
In this investigation, the impact of 17-β estradiol in promoting cumulus expansion was very noticeable, since the maximum maturation rates were recorded at 1.0 μg/ml. This supports research by Dekel et al. (1979) and Yokoo et al. (2010), who noted that estradiol promotes the production of hyaluronic acid, an essential part of the extracellular matrix during cumulus expansion. Furthermore, the enhanced rates of 2nd degree cumulus expansion seen in this investigation highlight how crucial estradiol is for establishing an environment that is favourable for oocyte maturation.
These findings have significant implications for the use of assisted reproductive technologies (ARTs) in cattle breeding. Practitioners can improve egg cell maturation and embryo production rates by fine-tuning estradiol concentrations and OPU schedules, resulting in better genetic progress and cattle yield. More research is needed to investigate estradiol's long-term impact on embryo quality and post-implantation development in order to improve its use in ART techniques.
5. Conclusion
Estradiol supplementation has been shown to enhance IVM outcomes in bovine oocytes, with the most effective dosages being 1.0 μg/mL and 1.5 μg/mL. Additionally, weekly OPU treatments proved to be more effective. This research lays the groundwork for advancing ART techniques, which can play a significant role in sustainable cow breeding and genetic improvement. Moving forward, it's essential to focus on applying these findings in real-world settings and exploring the molecular mechanisms that drive estradiol's role in oocyte growth.
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