


Case Study
Association of Antral Follicle Count and Serum Anti-Mullerian Hormone Concentration with Age and Parity in Ongole (Bos indicus) Cattle


ABSTRACT
The present study was undertaken to evaluate the association between antral follicle count (AFC), serum anti-Müllerian hormone (AMH) concentration, age, and parity in Ongole (Bos indicus) cattle, with the objective of identifying reliable biomarkers for ovarian reserve and oocyte donor selection. Eighty-four clinically normal, cyclic Ongole cows aged 3–20 years with parities ranging from 1 to 12 were included in the investigation. Ovarian antral follicles (≥3 mm) were enumerated using transrectal ultrasonography at a random stage of the estrous cycle. Concurrently, blood samples were collected and serum AMH concentrations were estimated using a commercial cattle AMH ELISA kit. Animals were categorized based on AFC and age to assess variability and correlations among parameters. The mean AFC and serum AMH concentrations exhibited wide inter-animal variation. A significant positive correlation (p < 0.01) was observed between AFC and serum AMH levels, indicating that circulating AMH reliably reflects the antral follicle population. Both AFC and AMH showed a significant negative correlation (p < 0.01) with age and parity. Younger cows exhibited significantly higher AFC and AMH concentrations, while cows older than 13 years showed a marked decline in both parameters, indicating reduced ovarian reserve. Animals with low AFC were significantly older and had higher parity compared to those with intermediate and high AFC. In conclusion, the study demonstrates that AFC and serum AMH concentration are robust, non-invasive indicators of ovarian reserve in Ongole cattle. Combined assessment of these parameters can be effectively utilized for selecting superior oocyte donors, thereby enhancing the efficiency and success of OPU-IVF-ET programs in Bos indicus breeds.

Keywords: Antral follicle count; Anti-Müllerian hormone; Ongole cattle; Ovarian reserve; Age and parity; OPU-IVF-ET

1. INTRODUCTION
The success of various reproductive technologies, including ovum pick-up (OPU) and in-vitro embryo production (IVEP), are significantly influenced by the physiological characteristics of the donor animals, particularly the ovarian antral follicle count (AFC) (Lonergan et al., 1994). The overall number of recruited follicles that are ≥3 mm in diameter in each follicular wave of an estrous cycle is noted as antral follicle count (Evans et al., 2010). Many researchers have recorded the AFC on different days of the estrous cycle in both beef and dairy heifers (Cushman et al., 2009) and in postpartum dairy cows (Ireland et al., 2011). AFC is highly reproducible within the same animal over time, yet it exhibits substantial variability across the individual animals (Mossa et al., 2010). This variability is of particular interest because AFC has been linked to the levels of several blood compounds. Notably, circulating concentrations of insulin, insulin-like growth factor I (IGF-1), and anti-Mullerian hormone (AMH) have shown associations with AFC (Batista et al., 2014 and Sales et al., 2015). These relationships suggest that the endocrine profile of the donor animals can provide critical insights into their reproductive potential and suitability for OPU-IVF-ET programs. Understanding these associations help in the selection of superior donors and improving the outcomes of reproductive biotechnology techniques. 
Numerous researchers have investigated and established the relationship between AMH and AFC in various cattle breeds (Batista et al., 2014; Baruselli et al., 2015). However, there is a paucity of research specifically addressing the associations among AMH, AFC and parity in Ongole cattle (Bos indicus). Therefore, the current study aims to fill this gap by focusing on the estimation and analysis of the correlation among AFC, AMH and parity in Ongole cattle of different ages. This investigation is critical for enhancing our understanding of reproductive physiology in this breed and improving strategies for oocyte donor selection in reproductive technologies such as OPU-IVF-ET.

2. MATERIALS AND METHODS
Experimental Location: The present study was undertaken at Livestock Research Station (LRS), Lam farm, Guntur, Andhra Pradesh. 
Experimental Animals: Eighty-four (n = 84) clinically normal, cyclic, multiparous Ongole (Bos indicus) cows, either lactating or dry, aged 3–20 years and weighing 300–500 kg, were included in the investigation.
Ultrasonographic assessment of Antral Follicle Count (AFC): All the animals were restrained in the cattle handling unit facility present in the research station. Per-rectal examination of both ovaries and the ultrasonic identification of the ovarian follicles using a real-time B-mode ultrasound scanner (MyLab™ Gamma Vet, Esaote, Genova, Italy) was done once at a random stage of the estrous cycle, as described previously (Kumar et al., 2019). In brief, a linear probe set at 7.5 MHz was inserted into the rectum and moved cranially towards dorsal surface of the ovary. The transducer was then moved slowly back and forth across the ovary (either right or left) to scan the entire surface and videos and images were recorded for further examination and future purpose. After completion of examining the ovary on one side the probe was moved to the opposite side to scan the other ovary. All the follicles (≥ 3mm) observed on the surface of an ovary were counted and total number of follicles present on both the ovaries were calculated and noted. 
Blood sampling and AMH assay: On the day of ovarian scanning, simultaneously blood samples (4 mL) were collected from all the animals by jugular vein puncture into clot activator–coated vacutainers (BD Vacutainer TM). Samples were placed on ice, centrifuged at 3000 × g for 10 min to separate serum, aliquoted, and stored at −80°C until analysis. Serum anti-Müllerian hormone (AMH) concentrations were estimated using a commercial cattle AMH ELISA kit (ELK Biotechnology Co., Ltd., USA). The assay sensitivity was 177.4 pg/mL, with intra- and inter-assay coefficients of variation of <8% and <10%, respectively.
Age-Based Grouping of Animals: To assess the effect of age on AFC and AMH, the animals were ranked into young (youngest 20%, 17/84), middle age (intermediate 60%, 50/84) and old age (oldest 20%, 17/84) categories.
Statistical analysis: Statistical analysis was performed following Snedecor and Cochran (1994) using SPSS software (version 15.0). Differences and correlations among variables were considered statistically significant at p < 0.05.

3. RESULTS AND DISCUSSION
The average age of all the animals (n=84) included in the present investigation was 9 years 2 months (9.19 ± 0.48). The mean number of AFCs were recorded as 34.10 ± 2.11 (range: 3 – 104). Published data indicate that the peak number of antral follicles (≥ 3 mm) recruited per follicular wave is highly variable (range 8-54) among individuals (Burns et al., 2005) as observed in the present study (Fig. 1), but highly repeatable with in an animal. Numerous earlier studies were confirmed the high individual variability in AFC, ranging from 22-125 in Gir cows, 18-110 in Holstein cows and 11-53 in Murrah buffaloes (Baldrighi et al., 2014), 18-85 in Nelore heifers (Batista et al., 2014), 2-90 in Braford cows (Morotti et al., 2016), 10-53 at unknown stage of follicular growth and 6-45 on the expected day of follicular wave emergence in Holstein cows (Gobikrushanth et al., 2017), 13-59 irrespective of FSH pre-treatment in Ongole cows (Krishna et al,, 2023).
In the present study, a single serum AMH estimation along with ultrasonographic examination of the ovaries was carried out in Ongole cows at a random stage of the estrous cycle. This approach was based on the findings of Ireland et al. (2011), who demonstrated that a single AMH measurement in an individual animal shows a strong correlation with the mean of multiple AMH measurements taken across different days within the same or across multiple estrous cycles. The average serum AMH concentration (ng/mL) in the current study was recorded as 1.04 ± 0.08 (range: 0.41 to 4.35, Table 1) with greater variance similar to AFC (Fig. 2). In line with this, Ribeiro et al. (2014) reported AMH levels ranging from 10 to 3198 pg/ml (320.3 ± 251.1 pg/mL) with considerable variation between animals. Elsewhere, AMH levels were reported ranging from 32 to 1992 pg/mL in Japanese Black Cows (Hirayama et al., 2017), 13.9 to 1879 pg/mL in Canadian Holstein Cows (Gobikrushanth et al., 2018), 2.0 to 2000 pg/ml in Holstein Heifers (Nawaz et al., 2018), 233 to 2531 pg/mL in Simental Cows (Sevgi et al., 2019) and 46 to 2089 pg/mL in Holstein Dairy Cows (Akbarinejad et al., 2020). Due to wide variation in AMH levels from herd to herd, no definite benchmark for AMH level can be established. Therefore, the AMH levels of donor animals should be evaluated within their contemporary groups to distinguish individuals with relatively high or low AMH concentrations. 


Fig 1: Histogram of frequency distribution of serum AMH levels in Ongole cows (n=84)

Variance of AMH concentrations in relation to AFC
The frequency distribution of antral follicle count showed that 16.67% (14/84) of the animals had ≥ 50 follicles (high AFC), 46.43% (39/84) had 26–49 follicles (intermediate AFC), and 36.90% (31/84) had ≤ 25 follicles (low AFC). The mean ± SE values of AFC and serum AMH levels for each group are presented in Table 1. A significant difference (p < 0.05) was observed among the groups with respect to follicle count. Serum AMH concentration was significantly higher (p < 0.05) in the high AFC group; however, there was no significant difference in AMH levels between the intermediate and low AFC groups (Table 1). Interestingly it was noticed that the animals in the low AFC group were significantly older and had higher parity compared to their counterparts (p<0.05) (Table 1). Further, in corroboration to the current investigation, where a highly significant (p< 0.01) positive correlation was observed between AFC and AMH in Ongole cows (r = 0.284, p = 0.009), earlier studies also revealed positive association between serum AMH levels and the antral follicle population in cattle (Baldrighi et al., 2014) and sheep and goats (Monniaux et al., 2014). Based on these findings, it is suggestive that AFC and serum AMH concentrations serve as the most reliable indicators for the selection of oocyte donors to estimate the ovarian reserve in age-matched cattle to optimize the efficiency of Ovum Pick-Up and In Vitro Fertilization (OPU-IVF) (Ghanem et al., 2016; Sevgi et al., 2019). 

Table 1: Serum AMH levels (ng/mL) in Ongole cows in relation to AFC (n = 84)
	
	High AFC (>50)
	Intermediate AFC (26-50)
	Low AFC 
(≤25)
	Overall

	Number of animals
	14 (16.67%)
	39 (46.43%)
	31 (36.90%)
	84

	Average age in months (Range)
	77.21 a
(43 to 126)
	94.97 a
(48 to 220)
	144.35 b
(64 to 244)
	110.24
(43 to 244)

	Mean Parity (Range)
	2.57 ± 0.51 a
(1 to 7)
	3.13 ±0.38 a
(1 to 11)
	6.03 ± 0.60 b
(1 to 12)
	4.11 ± 0.34
(1 to 12)

	Mean AFC (Range)
	67.57 ± 3.89 a
(3 to 24)
	36.36 ±1.05 b
(26 to 49)
	16.13 ± 0.95 c
(51 to 104)
	34.10 ± 2.11
(3 to 104)

	Mean AMH (Range)
	1.72 ± 0.34 a
(0.46 to 4.35)
	1.02 ±0.09 b
(0.46 to 3.29)
	0.77 ± 0.09 b
(0.41 to 2.88)
	1.04 ± 0.08
(0.41 to 4.35)


a,b,c Mean ± SE values in the same row with different superscripts differ (p<0.05)
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Fig 2: Histogram of frequency distribution of AFC in Ongole cows (n = 84)


Variance of AFC and AMH in different age groups among the Ongole cows 
When the animals were compared across different age groups, it was more evident that there is an age-related decline in both AMH and AFC, particularly in cows older than 13 years. The average age (months) of the three category animals was 56.94 (range 43-64), 98.26 (range 66-154) and 198.76 (range 155-244), respectively and the group wise mean AFC & AMH levels recorded respectively were 45.47 ± 5.37 & 1.88 ± 0.26 ng/mL in young age cows, 34.82 ± 2.53 & 0.90 ± 0.08 ng/mL in middle age cows and 20.59 ± 2.91 & 0.62 ± 0.06 ng/mL in old age animals (Table 2).  Although the mean AFC and serum AMH levels were higher (p < 0.05) in younger animals and showed a decreasing trend with advancing age, the reduction in mean AFC between the young and middle-aged groups was not statistically significant (p > 0.05). Likewise, the decline in mean serum AMH levels between the middle-aged and old groups was also not significant (p > 0.05). (Table 2). 

Table: 2 AFC and AMH levels in relation to age of Ongole cows (n = 84)
	Attribute
	Young age
(Youngest 20% in months)
	Middle age (Intermediate 60% in months)
	Old age  (Oldest 20% in months)

	Number of animals (%)
	17 
(20%)
	50
(60%)
	17
(20%)

	Average age in months  (Range)
	56.94a
(43 to 64)
	98.26b
(66 to 154)
	198.76c
(155 to 244)

	Mean parity (Range)
	1.06 ± 0.06a
(1 to 2)
	3.54 ± 0.27b
(1 to 11)
	8.82 ± 0.45c
(7 to 12)

	Mean antral follicles (Range)
	45.47 ± 5.37a
(14 to 104)
	34.82 ± 2.53a
(3 to 88)
	20.59 ± 2.91b
(4 to 44)

	Mean serum AMH concentration (ng/mL) (Range)
	1.88 ± 0.26a
(0.74 to 4.35)
	0.90 ± 0.08b 
(0.46 to 3.29)
	0.62 ± 0.06b (0.41 to 1.39)


a,b,c Mean ± SE values in the same row with different superscripts differ (p<0.05) 

A statistical comparison and correlation among age, parity, ovarian antral follicle count and AMH levels, revealed that a positive correlation (p < 0.01) was observed between AFC and AMH in Ongole cows, while both of them were negatively correlated (p < 0.01) with parity and age of the cows (Fig. 3).  
As per the earlier reports the ovarian reserves in cattle remain relatively constant until they reach the age of about 4 to 6 years and declines thereafter (Erickson, 1966). In accordance with the above studies, the results of our current investigation are suggestive that the number of antral follicles recruited and circulating AMH levels were declined with the age and parity as reported in beef heifers (Cushman et al., 2009) and dairy cows (Mossa et al., 2012 and Ribeiro et al., 2014). The effect of lactation (parity) on AMH levels were equivocal with high levels in cattle of 2nd and 3rd lactation than those of 1st or 4th lactation and beyond (Ribeiro et al., 2014). Another study showed higher AMH levels in cows of 3rd lactation than those of 1st and 2nd parity (Koizumi and Kadokawa, 2017). On the other hand, a comparative study involving primiparous and pluriparous Holstein cows revealed lack of any association between AMH and parity (Souza et al., 2015). In another study, AMH concentrations in heifers (13-18 months) and cows (up to 16 years age) decreased throughout the life span of the animals (Hirayama et al., 2017).
The peak germ cell proliferation in fetus is reached within the first trimester (90-110 days) of gestation (Erickson, 1966) and the factors which are inimical to the fetus during this critical period of gestation would depress the circulating AMH levels of adult offspring. These negative factors include compromised maternal nutrition during first trimester of gestation (Mossa et al., 2013), exposure to high environmental temperature and stress of milking while being pregnant (Succu et al., 2020) and chronic mammary gland infection as revealed by high milk somatic cell count during pregnancy (Ireland et al., 2011).  
The age specific decline in AMH levels was documented in women (Piltonen et al., 2005), rodents (Kevenaar et al., 2007), caprine (Haldar et al., 2019), equine (Claes et al., 2015) and in buffalo (Haldar et al., 2020). In line with the latter studies, the AMH levels in the current study showed highly negative correlation with age (r = -0.447, p = 0.00) and parity (r = -0.444, p = 0.00) in Ongole cows. 
Similarly, the AFC also showed a negative correlation with age (r = -0.465, p = 0.00) and parity (r = -0.447, p = 0.00) and it was evident that there was a declining trend as the cows crossed 13 years age which supports the earlier finding that senescent cows are characterized by reduced follicle number in their ovaries. In a recent study, Alvarez et al. (2021) observed lower AFC in long lived (14-17 years) and senescent (17-23 years) Nelore (Bos indicus) cows compared to young (4-9 years) cows. The reduction in ovarian reserve size caused by the gradual depletion of primordial follicles over time is probably the cause of the decline in AFC and AMH levels in aged animals (Ribeiro et al., 2014). As the AMH is produced by granulosa cells of antral follicles it may be hypothesized that circulating AMH levels could be indicative of the size of antral follicle population (Ireland et al., 2011). 
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	Fig 3: Association among age, parity, AFC and serum AMH levels in Ongole cows (n = 84) (i) AFC vs AMH (ii) Age vs AFC (iii) Age vs AMH (iv) Parity vs AFC (v) Parity vs AMH



4. CONCLUSION
The present investigation clearly demonstrates that antral follicle count (AFC) and serum anti-Müllerian hormone (AMH) concentration are strongly and positively associated in Ongole (Bos indicus) cattle, while both parameters decline significantly with advancing age and increasing parity. The observed wide inter-animal variability, coupled with high consistency within individuals, confirms the biological relevance of these indicators as reliable measures of ovarian reserve. Younger cows exhibited significantly higher AFC and AMH levels, whereas animals beyond 13 years of age showed a pronounced reduction in these parameters, reflecting diminished follicular reserve and reproductive potential. These findings highlight the practical utility of AFC and AMH as non-invasive, cost-effective tools for identifying superior oocyte donors and optimizing the outcomes of ovum pick-up and in vitro fertilization–embryo transfer (OPU-IVF-ET) programs in Ongole cattle. From a future perspective, the integration of AFC and AMH screening into routine reproductive management and donor selection protocols could substantially enhance the efficiency of assisted reproductive technologies in Bos indicus breeds. Further studies should focus on establishing breed-specific reference ranges and threshold values for AMH and AFC to improve selection accuracy. Longitudinal investigations evaluating the predictive value of AMH and AFC on oocyte quality, embryo development, and pregnancy outcomes following embryo transfer are also warranted. Additionally, exploring the genetic, nutritional, and environmental factors influencing ovarian reserve may facilitate the development of targeted management strategies aimed at prolonging reproductive longevity and maximizing genetic gain in indigenous cattle populations.
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