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Effect of FSH-induced ovarian stimulation on oocyte recovery and in vitro embryo production by ovum pick-up in Sahiwal cows


Abstract
This study aimed to evaluate the effect of follicle-stimulating hormone (FSH) pre-stimulation on oocyte recovery and oocyte developmental competence in Sahiwal donor cows. Twelve Sahiwal cows (n=12), aged 3-6 years and maintained at the Livestock Farm Complex under the Embryo Transfer and In Vitro Fertilisation Project (RKVY), Department of Veterinary Gynaecology and Obstetrics, College of Veterinary Science and Animal Husbandry, ANDUAT, Kumarganj, Ayodhya, were randomly divided into two groups. The selected donor cows received 10 µg of GnRH at a random stage of the oestrous cycle. In Group I, which served as the control, ovum pick-up (OPU) was performed 5 days after GnRH administration. Group II cows (FSH-stimulated, n = 6) received pre-stimulation with 200 mg Stimufol intramuscularly in three tapering doses (100, 60, and 40 mg), and OPU was conducted 48 hours after the final FSH injection. The retrieved COCs were subjected to in vitro maturation, in vitro fertilisation, and in vitro culture. The number of aspirated follicles and recovered COCs was higher (P < 0.05) in FSH-treated cows than in the control group. Furthermore, FSH-treated cows exhibited significantly (P < 0.05) higher maturation rates (69.75±3.35), cleavage rates (76.00±2.52), and blastocyst development rates (27.25±5.59) than the control group. In conclusion, FSH treatment before ovum pick-up enhanced both oocyte recovery and the developmental competence of oocytes, which may improve in vitro embryo production.
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Introduction
Cattle, particularly indigenous breeds, are crucial for mitigating rural poverty in emerging nations. India's cattle population is 192.52 million, of which 73.76% comprises indigenous breeds (Department of Animal Husbandry and Dairying, 2019). The introduction and proliferation of Bos taurus germplasm in the country over the past seventy years to enhance milk production have significantly threatened the survival of local breeds (Sarang et al., 2024). Indian farmers have increasingly adopted crossbreeding initiatives, leading to a decline in the economic significance of indigenous breeds. Consequently, the indigenous cattle population has been diminishing at a concerning rate (Van Eenennaam, 2019). Assisted reproductive technologies, including superovulation, in vitro fertilisation, and ultrasound-guided oocyte aspiration, are used to increase embryo production from genetically valuable cattle and facilitate the dissemination of superior germplasm (Yilma, 2022).
Among the cattle breeds in India, the Sahiwal cow is recognised for its distinctive characteristics, including disease resistance, parasite resistance, heat tolerance, and high lactation yield. The application of OPU in in vitro embryo production (IVEP) programmes has demonstrated potential as an alternative to conventional embryo production (Bousquet et al., 1999; Kruip et al., 1991). Oocyte pick-up (OPU) and embryo transfer (ET) technologies offer numerous advantages over traditional embryo transfer methods. The repeated collection of oocytes from adult cattle can yield up to 1000 oocytes or 300 embryos per cow per year, thereby addressing various issues related to the uterine environment (Hasler et al., 1995; Looney et al., 1994). Oocytes obtained from slaughterhouse ovaries have unknown genetic backgrounds and display heterogeneity in quality, together with varying levels of developmental competence (Bessa et al., 2013). In vivo oocyte recovery through ultrasound-guided ovum pick-up has demonstrated efficiency, repeatability, and minimal invasiveness over time, establishing a foundation for the successful application of assisted reproductive technology (Qi et al., 2013; Landeo et al., 2022). Recent evidence indicates that the success of OPU-IVP is affected by donor characteristics, follicular status, oocyte-recovery procedures, and in vitro culture conditions, while hormonal stimulation may improve the number and developmental competence of recovered oocytes under appropriately managed protocols (Salek et al., 2025; Motta et al., 2025).
Follicular-wave synchronisation before superstimulation has also been associated with greater recovery of viable oocytes and a higher number of blastocysts per OPU in Holstein heifers, emphasising the importance of ovarian status before OPU in IVEP programmes (Çiftçi et al., 2025). The exogenous administration of hormones and a comprehensive understanding of ovarian follicular dynamics are regarded as critical factors in optimising the yield of quality oocytes and offspring from genetically superior cattle. Gonadotropin stimulation before ovum pick-up (OPU) has been demonstrated to be an effective approach for harvesting a substantial number of follicles for aspiration (Fry, 2020). Superovulation facilitates the production of a greater number of oocytes and embryos than the standard reproductive cycle in female animals (Ayaşan & Karakazak, 2010; Hızlı et al., 2011). Superstimulation protocols employing FSH can increase the population of developmentally competent oocytes, thereby benefiting OPU-IVP programmes (da Silva et al., 2017). The success of IVEP is largely dependent on ovarian follicle development and the quality and quantity of retrieved oocytes (Blondin & Sirard, 1995). Furthermore, ovarian response, ovarian follicle count, and oocyte quality are influenced by the type of gonadotropin administered, with FSH demonstrating superior efficacy to eCG in OPU treatment (Sendag et al., 2008). This research was initiated because few studies have investigated the effect of gonadotropin stimulation before ovum pick-up (OPU) on oocyte recovery and in vitro embryo production (IVEP) in Sahiwal cows. Therefore, this study aimed to investigate the effect of follicle-stimulating hormone (FSH) pre-stimulation on oocyte recovery and the developmental competence of oocytes in Sahiwal donor cows.
Materials and Methods
Experimental Location 
The current study was carried out at the Livestock Farm Complex, College of Veterinary and Animal Husbandry, Acharya Narendra Deva University of Agriculture and Technology, Kumarganj, Ayodhya, Uttar Pradesh, during the period between March 2025 and April 2026. 
Experimental Animals
A cohort of twelve non-lactating, non-pregnant Sahiwal cows, aged 3-6 years and weighing between 250 and 400 kg, was selected as oocyte donors and randomly assigned to two groups. All animals had a good body condition score (3.70; 1–5 scale) and clinically normal reproductive tracts. The cows received optimal nutritional care, had unrestricted access to water, and underwent regular health examinations, deworming, and immunisations to ensure their well-being.
Superstimulation Regimen and Ovum Pick-up Schedule
Irrespective of the stage of the oestrous cycle, the cows were randomly assigned to two groups. Cows in Group I (non-stimulated, n=6) received GnRH at a dose of 2.5 mL (10 μg) on day 0, and ovum pick-up (OPU) was conducted 5 days after GnRH administration. Cows in Group II (FSH-stimulated, n=6) received 10 μg of gonadotropin-releasing hormone (GnRH; Receptal, MSD Animal Health, 2.5 mL i/m) at an arbitrary stage of the oestrous cycle. FSH stimulation (Stimufol, Reprobiol; 200 mg I/M in three split doses of 100, 60, and 40 mg) was initiated 48 h after GnRH administration. The second FSH dose (60 mg) was administered 15 h after the first injection, and the third FSH dose (40 mg) was administered 24 h after the second dose. Ovum pick-up was conducted 48 h after the final FSH dose (coasting period). Twelve OPU sessions were conducted in 12 cows, with and without FSH pre-stimulation.
Donor Preparation and Ovum Pick-Up 
Before the ovum pick-up (OPU) procedure, each animal was restrained in a chute, and rectal evacuation was performed manually to facilitate ovarian manipulation. Caudal epidural anaesthesia was administered using 5-7 mL of 2% lignocaine hydrochloride (Neon) to minimise defecation and abdominal straining during the procedure. The vulvar and perineal regions were thoroughly cleansed with tap water, and the tail was secured laterally using a cotton rope. Immediately before insertion of the vaginal probe, the vulvar lips were disinfected with cotton swabs soaked in 70% alcohol. During the OPU procedure, the ovaries were manipulated per rectum, with the targeted ovary stabilised between the thumb and fingers. After appropriate preparation, a transvaginal ultrasound probe enclosed within a latex-covered handle was introduced into the anterior vagina and positioned on either the left or right side of the cervix. The ovary was then carefully aligned with the probe head to obtain optimal visualisation of the follicles on the ultrasound monitor. Once the ovary had been stabilised against the probe, an 18-gauge aspiration needle connected to the aspiration tubing was advanced through the needle guide of the probe and inserted into the follicle. Follicular fluid was aspirated under continuous negative pressure of 60 mmHg at a flow rate of 10-15 mL/min. To enhance oocyte retrieval, the needle was gently rotated within the follicle to facilitate curettage of the follicular wall. Before aspiration of subsequent follicles, the needle was withdrawn and flushed with pre-warmed OPU recovery medium (BoviPlus, USA) to minimise clot formation and prevent oocytes from adhering within the aspiration line. The oocyte recovery rate was calculated as the percentage of oocytes recovered relative to the total number of follicles aspirated per donor cow (Goodhand et al., 2000). Successful follicular aspiration was confirmed by the disappearance of the follicular image from the ultrasound monitor. The procedure was subsequently repeated for both ovaries of each donor cow, using a new sterile aspiration needle and aspiration line for each animal.
Oocyte Recovery 
Immediately after aspiration of each ovary, the 50 mL collection tube containing the follicular aspirate was transported to the laboratory. The aspirated contents were filtered through a 75 μm oocyte mini-filter (Watanabe Applied Technology, Brazil) to separate the oocytes from blood-tinged, cloudy follicular fluid and cellular debris mixed with the OPU medium. The collection tube was rinsed repeatedly 3-4 times with OPU medium, and the filtered contents were transferred to a 90 mm Petri dish (product code 20100, SPL Life Sciences). The filter was carefully rinsed with 20 mL of OPU medium in the same Petri dish to recover all oocytes trapped in the filter. The contents were then examined using a stereozoom microscope (Nikon, SMZ1270, Japan) at 1x magnification to identify cumulus-oocyte complexes. The identified COCs were subsequently transferred to washing-medium drops (Vitrogen, Brazil) prepared in a separate Petri dish, washed, and examined under a stereozoom microscope at 8x magnification for grading.
In Vitro Embryo Production (IVEP)
Recovered oocytes were morphologically classified into four grades (A-D) according to Viana et al. (2004). Only Grade A and Grade B COCs were selected for IVM. In this study, 46 COCs from each of the FSH-treated (46/219) and control (46/139) groups were selected separately and placed in IVM medium for maturation and subsequent in vitro embryo production.
In vitro maturation
For in vitro maturation (IVM), the selected oocytes were washed 3-5 times with wash medium (Catalog no. 152024A, Vitrogen, Brazil) and then twice with IVM medium (Catalog no. 152024A, Vitrogen, Brazil). Groups of 10 to 15 cumulus-oocyte complexes were placed in 100 μL droplets of IVM medium, covered with mineral oil in a 35 mm Petri dish that had been equilibrated before transfer of the cumulus-oocyte complexes, and cultured in a benchtop incubator (K-system, Origio, Denmark) with 6% CO₂ and 5% O2 at 38.5°C for 24 h. After 24 h, oocyte maturation was assessed according to the degree of cumulus-cell-complex expansion and extrusion of the first polar body into the perivitelline space.
In vitro fertilisation
For in vitro fertilisation (IVF), selected mature cumulus-oocyte complexes (COCs) were sequentially washed in wash and IVF media (Catalog no. 152024A, Vitrogen, Brazil) before being transferred to a 100 µL fertilisation drop of IVF medium (Catalog no. 152024A, Vitrogen, Brazil). For semen preparation, a Percoll gradient was prepared according to the manufacturer's instructions and incubated for 2 hours in a benchtop incubator before thawing. High-quality Sahiwal bull semen (ABS) with good post-thaw motility was gently layered on top of the Percoll gradient and centrifuged at 800 G for 6 minutes. The supernatant was removed using a pipette, and the pellet was transferred to a new centrifuge tube containing IVF medium (Vitrogen, Brazil). The sperm pellet was resuspended in 400 µL of IVF medium and centrifuged at 300 G for 3 minutes. After centrifugation, the supernatant was carefully removed without disturbing the pellet. The pellet was gently mixed and evaluated for sperm motility and concentration. For insemination, each IVF drop received 10–15 µl of semen to attain a final concentration of 2×10⁶ live sperm/mL and was covered with mineral oil. The COCs and sperm were co-incubated for 16-18 hours at 6% CO₂ and 5% O₂ at 38.5°C for IVF. After 16-18 hours of insemination, the cumulus cells were removed from the presumptive zygotes by gentle pipetting in wash medium.
In vitro culture
For IVC, after being washed three times in IVC medium (Vitrogen, Brazil), the presumptive zygotes were placed separately in 500 µL of pre-incubated IVC medium, overlaid with 350 µL of mineral oil, and incubated (benchtop incubator, G210, Origio, Denmark) for seven days without changing the culture medium under a controlled atmosphere (6% CO₂ and 5% O₂) at 38.5°C. Cleavage, morula, and blastocyst rates were assessed on the third, fifth, and seventh days of embryo culture, respectively.
Statistical Analysis
The study comprised one treatment group and one control group with four replications, with the fixed effect of treatment included in the statistical model. The data were analysed using an independent t-test. Prism (version 5) was used for the analysis. Statistical significance was set at P < 0.05 for all parameters.
Results 
Follicle aspiration and oocyte recovery
In this study, twelve OPU sessions were conducted, comprising six sessions each for control and FSH-treated Sahiwal cows. The mean number of follicles available for aspiration was significantly (P < 0.05) higher in FSH-treated cows (40.17±1.81) than in the untreated group (27.67±2.33). Similarly, the mean number of recovered COCs was significantly (P < 0.05) higher in FSH-treated cows (36.50±2.07) than in the control group (23.17±2.10).
In vitro maturation and in vitro fertilisation
The mean number of matured oocytes (8.00±0.41) and the maturation rate (69.75±3.35) were higher in the FSH-treated group than in the untreated group (6.25±0.48 and 54.00±3.34, respectively).
In vitro developmental competence of oocytes
The effect of FSH stimulation on the in vitro developmental competence of oocytes in Sahiwal cattle is summarised in Tables 1 and 2. The mean number of cleaved zygotes was 3.25±0.25 in the control group and 5.50±0.29 in the FSH-treated group, with a significant (P < 0.05) difference between the groups. The FSH-treated group also showed a significantly (P < 0.05) higher 8-cell percentage (63.01±1.73) than the untreated group (39.25±4.11). Moreover, the FSH-treated group showed significantly higher mean numbers of morulae (2.50 versus 0.75) and blastocysts (1.75 versus 0.25) after 7 days of culture than the control group (control, 0.25±0.15; FSH-treated, 1.75±0.25).





Table 1: Number of aspirated follicles, recovered COCs, number of oocytes matured, number of presumptive zygotes, number of cleaved zygotes, number of 8-cell development, number of morulae and number of blastocyst (mean ± SEM) in FSH pre-stimulated and non-stimulated (control) Sahiwal donors’ cows
	Attributes
	Group-I
(n=6, non-stimulated)
	Group-II
(n=6, FSH-stimulated)
	P value
	t value

	Mean no. of follicles aspirated
	166 (27.67±2.33) A
	241 (40.17±1.81) B
	0.0017**
	4.228

	Mean no. of COCs recovered
	139 (23.17±2.10) A
	219 (36.50±2.07) B
	0.0011**
	4.509

	Total no. of oocytes kept in IVM media
	46
	46
	
	    -

	Mean (±SE) no. of oocytes matured
	6.25±0.48A
	8.00±0.41B
	0.0319*
	2.782

	Total no. of matured oocytes kept in IVF media
	25
	32
	
	

	Mean (±SE) no of presumptive zygote
	5.25±0.63A
	7.25±0.48B
	0.0011**
	2.530

	Total no. of presumptive zygote kept in IVC media
	21
	29
	
	

	Mean (±SE) no. of cleaved zygote (2 cell)
	3.25±0.25A
	5.50±0.29B
	0.0011**
	5.892

	Mean (±SE) no. of 8-cell 
	1.25±0.25A
	3.50±0.29B
	0.0011**
	5.892

	Mean (±SE) no. of morulae cells
	3
(0.75±0.25) A
	10
(2.50±0.29) B
	0.0038**
	4.583

	Mean (±SE) no. of blastocyst
	1
(0.25±0.15) A
	7
(1.75±0.25) B
	0.0054**
	4.243


Values bearing different superscripts (A, B) within a row differ significantly (p<0.05)

Table 2: Maturation rate, cleavage rate, 8 cell percentage, morula percentage and blastocyst rate (mean ± SEM) in Sahiwal cows pre-stimulated with FSH and non-stimulated (control).
	Attributes
	Group-I
(n=6, non-stimulated)
	Group-II
(n=6, FSH-stimulated)
	P value
	t value

	Maturation rate (%)
	54.00±3.34A
	69.75±3.35B
	0.0158*
	3.328*

	Cleavage rate (%)
	63.00±4.06A
	76.00±2.52B
	0.0346*
	2.721*

	8 cells %
	39.25±4.11A
	63.01±1.73B
	0.0429*
	2.560*

	Morulae (%)
	22.75±7.81A
	45.00±2.89B
	0.0144*
	2.671*

	Blastocyst rate (%)
	6.25±3.26A
	27.25±5.59B
	0.0462*
	5.505*


Values bearing different superscripts (A, B) within a row differ significantly (p<0.05)

	

	Figure 1: Variation in mean (±SE) maturation (MR), cleavage (CR), morulae and blastocyst rate (BR) in FSH treated and untreated Sahiwal cows.


Discussion
In the present study, the FSH-treated group exhibited a significantly (P=0.05) greater number of follicles available for aspiration and a higher total number of COCs than the control group. Our observations are consistent with the findings of Vennapureddy et al. (2024), who reported a significantly higher number of COCs in FSH-treated cows (15.31±1.56) than in the untreated group (6.88±0.55). Conversely, Meintjes et al. (1995) and da Silva et al. (2017) observed no significant effect of FSH stimulation on follicle counts at ovum pick-up. In a similar study, Sarwar et al. (2020) found no significant difference in the number of follicles between FSH-treated and control Bos taurus cows, with counts of 31.43±6.23 and 29.14±6.23, respectively. Variations among studies may be attributed to factors such as coasting periods, animal age, breed, and individual variability.
The cumulus-cell expansion rate was significantly higher in the FSH-treated group than in the untreated group. This observation is consistent with the findings of Golusu et al. (2024) in Sahiwal cows, who reported similar differences in cumulus-cell expansion between FSH-treated and control groups. In contrast, Verma (2005) evaluated the oocyte maturation rate in Sahiwal cows by examining the extent of cumulus-cell expansion and found no significant difference between the FSH-stimulated group (87.8%) and the non-stimulated, twice-weekly OPU group (84.69%). The culture medium is a primary factor in successful in vitro maturation. Hunter and Moor (1987) concluded that gonadotropins and growth factors stimulate cumulus-cell expansion by promoting the production and secretion of hyaluronic acid, which facilitates cell dispersion in a process termed expansion.
In this study, 32 oocytes from the FSH-treated group and 25 oocytes from the untreated group were subjected to in vitro fertilisation for 16 to 18 hours. Following fertilisation, the presumptive zygotes were maintained in in vitro culture for 7 days. The FSH-treated group showed a significantly (P < 0.05) higher number of presumptive zygotes and a higher cleavage rate than the untreated group (Figure 1). These observations are comparable to the findings of Bramhaiah et al. (2024), who reported a higher fertilisation rate (84.15) in the FSH-stimulated group than in the control group of Sahiwal cows. Looney et al. (1994) and Manik et al. (2003) reported that the media used for in vitro maturation and culture, the quality of the selected oocytes, and the choice of animals influenced the study outcomes. Prolonged exposure to elevated temperatures (40-41oC) during the summer may have adversely affected the maturation and fertilisation of COCs by disrupting oocyte physiology and inducing hormonal imbalances within the hypothalamic-pituitary axis (Park et al., 2007; Miętkiewska et al., 2022).
FSH-treated cows exhibited significantly (P=0.05) higher rates of morula formation (45.00±2.89 versus 22.75±7.81) and blastocyst formation (27.25±5.59 versus 6.25±3.26) than the untreated group (Figure 1). Our results are consistent with the findings of Pivato et al. (2026), who observed a significantly higher percentage of blastocysts in cows receiving multiple doses of FSH than in the control group. Chaubal et al. (2007) found that multiple applications of FSH enhanced ovarian efficiency in crossbred Angus cows before OPU, resulting in higher blastocyst rates than those achieved with a single administration or in control groups. Several authors have reported that superstimulation significantly (P=0.05) improves blastocyst development (Vieira et al., 2016; Egashira et al., 2019; Hayden et al., 2023), underscoring its relevance as a reproductive strategy for enhancing embryo production efficiency. The developmental competence of oocytes, which is crucial for in vitro embryo production (IVEP), is closely associated with the quality of the cumulus-oocyte complexes (COCs) obtained. In this study, the untreated group had significantly (P=0.05) fewer COCs than the FSH-treated group. It is hypothesised that FSH-treated cows produce more COCs than untreated cows, resulting in increased blastocyst production, as previously reported (Vieira et al., 2014, 2016).
Conclusions
Under the conditions of this study, FSH pre-stimulation before ovum pick-up increased the number of follicles available for aspiration and the number of cumulus–oocyte complexes recovered from Sahiwal donor cows. The treated group also showed higher maturation, cleavage, morula formation, and blastocyst development rates than the non-stimulated control group. These findings indicate that administering 200 mg FSH in three tapering doses, followed by a 48-h coasting period, may improve the efficiency of in vitro embryo production in this breed. The response observed should, however, be interpreted within the experimental design, which included 12 cows and one OPU session per donor. The results therefore support further evaluation of this protocol rather than its immediate routine adoption. Studies involving larger and more diverse donor populations, repeated OPU sessions, and clearly standardised developmental-rate denominators are needed to determine the consistency, repeatability, and practical value of the response. Evaluation of pregnancy establishment and calf production would also be required to confirm the broader reproductive relevance of the protocol.

Limitations
The study included 12 cows and only one ovum pick-up session per donor, which limited statistical power and the assessment of repeatability. Donor parity, antral follicle population, body condition, and individual ovarian response were not fully incorporated into the analysis. Only a subset of recovered cumulus–oocyte complexes was used for embryo production, and the selection procedure requires clarification. Pregnancy establishment, calf production, and responses across repeated sessions were not evaluated. Larger studies with clearly defined experimental units and standardised developmental-rate denominators are needed.
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