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RESUMEN 

  

Las tecnologías reproductivas, tales como recuperación de ovocitos aspiración 

folicular (OPU) y producción de embriones in vitro (IVEP), son herramientas 

tecnológicas muy importantes para el progreso genético asociado con la 

eficiencia reproductiva. La población de folículos antrales puede afectar 

directamente el éxito de aspiración folicular y puede ser utilizada como una 

característica para seleccionar los ovocitos de donadoras de ovocitos con un 

gran potencial reproductivo que pudiera ser usado en programas de aspiración 

folicular y producción de embriones in vitro. Aunque es altamente repetible en 

el animal, la población e folículos antrales es extremadamente variable entre 

individuos. Por lo tanto, investigación en marcadores endocrinos consistentes y 

confiables para predecir la población de folículos antrales en bovinos, ha sido 

el objetivo de varios estudios recientes. En este contexto, los niveles plasmáticos 

de hormona antimulleriana (AMH) que se correlaciona con el tamaño de la 

población de folículos antrales y tengan el potencial de ser un marcador 

endocrino, pueden ayudar a identificar vacas donantes con mayor número de 

folículos disponibles para aspiración folicular (OPU), mayor respuesta 

superovulatoria y, en consecuencia  incremento en la producción de embriones 

in vivo e in vitro. Esta revisión resume la información más reciente en relación 

con la población de folículos antrales y su relación con la AMH, y la posibilidad 

de utilizar AMH como un marcador para la selección de las vacas donantes 

que se inician los programas de reproducción para difundir la genética y 

mejorar la fertilidad en el bovinos 

 

Palabras clave: AMH, folículos, embriones, bovinos  

 

 

 



 
DOI: 10.18548/aspe/0003.01                                                           Baruselli PS, Batista EOS, Ferreira RM. SPERMOVA. 2016; 6(1): xx - xx 

- 2 - 
 

ABSTRACT 

 

Reproductive technologies, such as ovum-pick-up (OPU) 

and in vitro embryo production (IVEP) are important tools 

to accelerate genetic gain associated with reproductive 

efficiency. The antral follicular population (AFP) can 

directly affect the success of OPU and may be used as a 

characteristic to select the oocyte donor cows with 

greater reproductive potential that will be used in OPU-

IVEP programs. Although highly repeatable within 

animal, the AFP appears to be extremely variable across 

individuals. Thus, the investigation of consistent 

endocrine markers that can trustable predict AFP in cattle 

has been targeted in several recent studies. In this 

context, the plasmatic levels of anti-Müllerian hormone 

(AMH) have been reported to be correlated with the size 

of AFP and it has the potential of being an endocrine 

marker to help the identification of donor cows with 

greater number of follicles available for OPU, greater 

superovulation response and, consequently, increased in 

vivo and in vitro embryo production in cattle. This review 

summarizes recent information regarding AFP and its 

relationship with AMH, and the possibility of using AMH 

as a marker for the selection of donor cows that will start 

reproductive programs to disseminate genetics and 

eventually to enhance fertility in cattle. 

 

Keywords: AMH, follicle, embryo, bovine 

 

 

INTRODUCTION 

 

The development of reproductive biotechnologies is 

strongly driven by the need of the breeding industry to 

increase genetic gain and pregnancy in dairy and beef 

cattle. The advances on ovum-pick-up (OPU) and in vitro 

embryo production (IVEP) enabled the increase on the 

number of offspring from genetically valuable animals. 

However, the success of OPU-IVEP is greatly dependent 

on individual ovarian characteristics that may influence 

the number and quality of the oocytes that are retrieved 

(Gandolfi et al., 1998; Kastrop et al., 1991; Lonergan 

et al., 1994; Pavlok et al., 1992; Tan and Lu, 1990; 

Wise, 1987). It is known, for example, that the number 

of antral follicles in the early follicular phase directly 

correlates with ovarian reserve (Frattarelli et al., 2000). 

Indeed, the antral follicular population (AFP) directly 

represents the follicle cohort in the ovaries, which is 

associated with the number of oocytes retrieved for IVEP. 

For that reason, AFP is been accepted as a direct marker 

of the recruitable follicular cohort.  

 

Ovarian AFP is positively related with several indirect 

measures of fertility in cattle such as ovarian function 

(Ireland et al., 2009, 2008; Jimenez-Krassel et al., 

2009), superovulation responses (Cushman et al., 

1999; Kawamata, 1994; Singh et al., 2004), IVEP 

(Pontes et al., 2009; Taneja et al., 2000), fertility 

(Erickson et al., 1976; Maurer and Echternkamp, 1985; 

Mossa et al., 2012) and herd longevity (Jimenez-Krassel 

et al., 2015). Remarkably, AFP has also been 

associated to several blood compounds, comprising 

circulating concentrations of insulin, insulin-like growth 

factor I (IGF-1), and anti-Müllerian hormone [AMH; 

(Alvarez et al., 2000; Batista et al., 2014; Fortune et 

al., 2010; Sales et al., 2015; Satrapa et al., 2013)]. 

AMH is a dimeric glycoprotein member of the TGFβ 

superfamily of growth factors synthesized from 

granulosa cells of preantral and small antral follicles 

(growing follicles up to the antral stage or to a diameter 

of approximately 6 mm) and represents the indirect 

activity of the follicular pool (Cate et al., 1986; Durlinger 

et al., 1999; Grootegoed et al., 1994; Weenen et al., 

2004). In cattle, circulating AMH concentration can help 

veterinarians to predict AFP in ovaries (Batista et al., 

2014a, Ireland et al., 2008, Rico et al., 2009), 

response to superovulation treatments (Monniaux et al., 

2010a, 2010b; Rico et al., 2009; Souza et al., 2015), 

and more recently as a marker to predict IVEP 

performance of Bos taurus (Gamarra et al., 2015; 

Guerreiro et al., 2014; Vernunft et al., 2015) and Bos 

indicus breeds (Guerreiro et al., 2014).  

 

Recently, it was indicated that cows with lower AFP have 

lower fertility (Mossa et al., 2012). Thus, because 

circulating AMH is an indirect measure of the size of the 

ovarian follicle pool, later studies have investigated the 

use of AMH to predict field fertility in cattle (Jimenez-

Krassel et al., 2015; Ribeiro et al., 2014). Nevertheless, 

the significance of AMH on predicting cows fertility may 

vary according to the reproductive management 

employed in the farm, since it appears that AMH is only 

associated to fertility in cows bred following estrus 

detection and not in those bred after timed AI (TAI) 

protocols (Ribeiro et al., 2014). Therefore, the present 

review target to discuss some key points related to AMH 

and AFP, OPU-IVEP, superovulation responses, in vivo 

embryo production and fertility. 

 

 

Anti-Müllerian hormone concentration, antral follicular 

population and in vitro embryo production in Bos indicus 

and Bos taurus cattle 

 

A large variability of AFP is reported among different 

cows, however AFP count is highly repeatable within 

animal (Burns et al., 2005; Ireland et al., 2007), and 

AMH can be considered a reliable endocrine marker of 

ovarian reserve (Ireland et al., 2007, 2008; Monniaux 

et al., 2012). Our group recently conducted a series of 

studies aiming to determine the relation between AMH 

and AFP in different genetic groups with great 
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importance for beef and milk production. Nelore cattle 

are the major breed raised in tropical areas such as 

Brazil and have a huge economic importance for the 

beef industry. As for milk production, Holstein is the 

predominant breed used in intensive systems while Gir 

is the predominant breed used in extensive systems in 

Brazil. Some production systems are also specialized on 

producing milk from Buffalo cows. In this context, four 

studies were performed by our group aiming to 

investigate if AMH was correlated with AFP in cattle of 

different genetic groups, Bos indicus, Bos taurus and 

Bubalus bubalis (Baldrighi et al., 2014; Batista et al., 

2016, 2014; Guerreiro et al., 2014). 

 

In the first study (Baldrighi et al., 2014), despite the high 

variability in AFP between individuals within each 

genetic background, the AFP count was greater in Gir 

(Bos indicus) heifers than in Holstein (Bos taurus) and 

Murrah (Bubalus bubalis) heifers (P = 0.01; Fig. 1). 

Similarly, AMH concentration was lower (P < 0.01) for 

Holstein and Murrah heifers than for Gir heifers. A 

positive relationship between AFP and plasmatic AMH 

concentration was observed for the three genetic groups 

studied (Fig. 2).  

 

 

 
 

Figure 1. Number of antral follicle population (AFP) and 

plasma anti-Müllerian hormone (AMH) concentration in 

Murrah (Bubalus bubalis; n = 13), Holstein (Bos taurus; 

n = 15) and Gir (Bos indicus; n = 10) heifers. Data are 

shown as the means ± SEM. Different letters within 

columns of the same color are significantly different 

[AFP: a≠b; P = 0.01 and AMH concentration: x≠y; P < 

0.001]. Baldrighi et al., 2014. 

 

 

The second study (Batista et al., 2014), supported the 

results previously reported (Baldrighi et al., 2014). The 

AFP (P < 0.05) and the AMH concentration (P < 0.0001) 

were also higher in Nelore (Bos indicus) than in Holstein 

(Bos taurus) heifers (Fig. 3), and they were correlated 

(Fig. 4). Additionally, when heifers were classified as to 

have high or low AFP (based on the mean AFP within 

each genetic group), high-AFP heifers had greater (P < 

0.0001) AMH concentration than low-AFP heifers, 

regardless of the genetic group. 

 

 

  
Figure 2. Relationship between antral follicle population 

(AFP) and plasma anti-Müllerian hormone (AMH) 

concentration in Murrah (Bubalus bubalis, n = 13), 

Holstein (Bos taurus, n = 15) and Gyr (Bos indicus, n = 

10 heifers). Baldrighi et al., 2014. 

 

 

  
 

Figure 3. Number of antral follicle population (AFP) and 

plasma anti-Müllerian hormone (AMH) concentration in 

Nelore (Bos indicus; n = 16) and Holstein (Bos taurus; n 

= 16) heifers. Data are shown as the means ± SEM. 

Batista et al., 2014.  
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Figure 4. Relationship between the numbers of antral follicles counted 120 (T-120) or 60 (T-60) hours previous or at 

(T0) AMH dosage, and plasma AMH concentration in Holstein (n=16; A) and Nelore (n=16; B) heifers. Batista et 

al., 2014. 

 

 

 

 
 

Figure 5 Correlation between plasma AMH concentrations and variables related to ovum pick-up (OPU) and in vitro 

embryo production (IVEP) in Bos taurus (Holstein) donors. Relationship between the number of follicles aspirated (A), 

the total COCs retrieved (B), the number of blastocysts produced (C), the COC culture rate (%, D) and the blastocyst 

rate (%, E) and plasma anti-Mullerian hormone (AMH) concentration. Guerreiro et al., 2014.  
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Figure 6. Correlation between plasma AMH concentrations and variables related to ovum pick-up (OPU) and in vitro 

embryo production (IVEP) in Bos indicus (Nelore) donors. Relationship between the number of follicles aspirated (A), 

the total COCs retrieved (B), the number of blastocysts produced (C), the COC culture rate (%, D) and the blastocyst 

rate (%, E) and plasma anti-Mullerian hormone (AMH) concentration. Guerreiro et al., 2014 

 

 

 

As observed, the relationship between AFP and AMH 

within genetic group concentration is similar regardless 

of time of blood collection. Indeed, it was reported 

previously that AMH levels variation is minimal during 

the estrous cycle (Ireland et al., 2010; Rico et al., 2009; 

Souza et al., 2015), therefore blood samples can be 

taken at any time to evaluate circulating AMH. Thus, 

there is a practical advantage in utilizing AMH to predict 

AFP instead of direct counting AFP with ultrasound 

equipment. The exception would be the period just after 

superstimulatory treatments with FSH, in which the 

plasma AMH concentration appears to be greater than 

normal physiological levels. This increase in AMH 

concentration following FSH treatment may be due to 

growth of small follicles that were not detected by 

ultrasonography or the FSH treatment may have 

increased AMH secretion by granulosa cells. However, 

this hypothesis needs further investigation (Rico et al., 

2012, 2009). 

 

A subsequent study was performed with the same 

genetic groups, but also considering different categories 

of age. A total of 59 Holstein (15 prepubertal heifers 

aged 8–10 months, 15 cyclic heifers aged 12–14 

months, 14 lactating cows, and 15 nonlactating cows) 

and 34 Nelore (12 prepubertal heifers aged 10–11 

months, 10 prepubertal heifers aged 21–23 months, 

and 12 cyclic heifers aged 24–26 months) females were 

enrolled in this study. Blood samples for plasma AMH 

determination were collected by coccygeal venipuncture 

immediately before the OPU sessions. In agreement to 

the previous findings, plasma AMH in Bos indicus and 

Bos taurus heifers showed a positive correlation with the 

total number of follicles aspirated, and also with the total 

number of complex cumulus oocytes (COCs) retrieved 

and the number of COCs cultured, and the number of 

embryos produced per OPU session (Figures 5 and 6). 

However, cleavage and blastocyst rates don’t seem to 

have any correlation with circulating AMH (Figures 5 

and 6; Guerreiro et al., 2014). 

 

Because genomic information allow producers to know 

genetic merit of their animals at early ages, we have 

recently explored the possibility of producing embryos 

retrieved from young female calves that were only 2-4 

months old. In a previous study, it was shown that AMH 

concentrations decrease in parallel to the number of 

ovarian follicles as rodents (Kevenaar et al., 2006) and 

women (Piltonen et al., 2005) age. In agreement, in a 

recent study from our research group, we have found 

greater plasma AMH concentrations in calves compared 

to cycling heifers in both genetic groups, Bos indicus and 

Bos taurus (Fig. 7; Batista et al., 2016).  
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Figure 7. AMH plasma concentration (ng/mL) in calves 

(aging 2 to 4 monthes, Holstein: n = 24 and Nelore: n 

= 30) and cycling heifers (Holstein: n = 10 and Nelore: 

n = 12). Batista et al., 2016. 

Also, a positive correlation was observed between the 

plasma AMH concentration and the number of follicles 

(P < 0.0001), number of retrieved COCs (P < 0.0001), 

COCs cultured (P < 0.0001), cleaved COCs (P < 

0.0001 and P = 0.001), and produced blastocysts (P = 

0.0003 and P = 0.009) from Bos indicus (Nelore; Fig. 

8) and Bos taurus (Holstein; Fig. 9) donor calves. 

However, there was no correlation between circulating 

AMH levels and cleavage rate (P = 0.24 and P = 0.36), 

COC culture rate (P = 0.28 and P = 0.07), or blastocyst 

rate (P = 0.52 and P = 0.08). 

 

 

 

 

 

 

 
 

Figure 8. Correlations between plasma anti-Müllerian hormone (AMH) concentrations, the number of follicles and 

variables related to laparoscopic ovum pickup, and in vitro embryo production in B indicus donor calves (n=29). 

Relationships between the number of follicles (A), cumulus-oocyte complexes retrieved (B), cultured (C), and cleavage 

(D), blastocysts produced (E), and AMH concentration (ng/mL). Batista et al., 2016.  
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Figure 9. Correlations between plasma anti-Müllerian hormone (AMH) concentrations, the number of follicles and 

variables related to laparoscopic ovum pickup, and in vitro embryo production in B taurus donor calves (n=19). 

Relationships between the number of follicles (A), cumulus-oocyte complexes retrieved (B), cultured (C), and cleavage 

(D), blastocysts produced (E), and AMH concentration (ng/mL). Batista et al., 2016.  

 

 

In most situations, because examining ovaries from very 

young calves with an ultrasound can be difficult and 

unpractical, the determination of circulating AMH 

concentration in this animal category can be an 

important tool to select best oocyte-donors for in vitro 

embryo production, overcoming some of the technical 

limitations involved in utilizing an ultrasound in young 

calves. Therefore, we forecast that with the availability 

of genomic technology for the identification of animals 

with superior genetics at early ages and AMH 

measurement to facilitate identification of best oocyte-

donors, that the use of calves as oocyte donors have its 

place in IVEP programs and will allow faster genetic 

gains by dramatically decreasing generation intervals 

(Armstrong et al., 1992; Camargo et al., 2005; Lohuis, 

1995). 

 

In conclusion, Bos indicus (Nelore) heifers and calves 

were found to have greater plasma AMH concentrations 

and larger AFP than Bos taurus (Holstein) heifers and 

calves. The AFP was positively correlated with plasma 

AMH concentrations in Bos indicus (Nelore), Bos taurus 

(Holstein) and Bubalus bubalis (Murrah) heifers, and Bos 

indicus (Nelore) and Bos taurus (Holstein) calves. We 

also found that plasma AMH concentrations could be a 

consistent endocrine marker of AFP and IVEP, even in 

calves, regardless of the genetic group. Therefore, the 

measurement of circulating AMH concentrations 

associated with genomic information can help select 

heifers and calves at very young ages as oocyte donors, 

accelerating the genetic gain of the herds. 

 

 

 
  

Figure 10. Relationships between AMH concentrations 

measured in plasma before superstimulatory treatment 

(T0) and (A) the numbers of small (S) and medium (M) 

follicles before superovulatory treatment or (B-D) the 

number of large follicles (L) and corpus luteum (CL) after 

the superovulatory treatment (n = 18 cows). Each circle 

represents data from one cow. Adapted from Rico et al., 

2009. 
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Anti-Müllerian hormone, superovulation and in vivo 

embryo production 

 

A strong positive relationship between circulating AMH 

and the production of embryos in vivo following 

superovulation in dairy cattle was previously showed 

(Monniaux et al., 2010a; Rico et al., 2012; Souza et 

al., 2015). AMH has been correlated with the number 

of small and medium follicles before the superstimulatory 

treatment (Fig. 10; Rico et al., 2009), and with large 

follicles and CLs after superovulation (Fig. 10 and 11; 

Rico et al., 2012, 2009; Souza et al., 2015) and the 

number of embryos produced (Monniaux et al., 2010a; 

Souza et al., 2015) in primiparous and multiparous 

cows. 

 

 
 

Figure 11. Average circulating AMH (pg/mL) and 

number of CL structures on the day of embryo collection 

for primiparous and multiparous dairy cows. Souza et 

al., 2015. 

 

 

The type of blood anti-coagulant factor may influence 

AMH measurements and it appears to be important to 

consider when interpreting AMH results. In this basis, 

different thresholds were reported for samples collected 

with heparin (87 pg/mL) and with EDTA (123 pg/mL) to 

identify dairy cows producing less than 15 ovulatory 

follicles after FSH treatment and near the time of estrous.  

Thus, AMH is reported to show a strong relationship with 

the number of small and medium follicles after 

superstimulation and also large follicles and CL after the 

treatment and may be used as a marker of potential 

candidates to integrate a reproductive program as 

embryo donors. Furthermore, measuring AMH before 

enrolling cows to FSH programs will likely allow 

practitioners to improve numbers of embryos produced 

and, thereby, reduces costs per embryo produced. 

 

Anti-Müllerian hormone and Fertility 

 

A positive association between AMH and fertility in 

dairy cows was recently reported in two studies 

(Jimenez-Krassel et al., 2015; Ribeiro et al., 2014). In 

one of them it was reported that cows with low AMH 

concentrations had lower pregnancy results following 

first service and greater incidence of pregnancy loss 

between day 30 and 65 of gestation (Ribeiro et al., 

2014). Moreover, dairy cows with relatively low 

circulating AMH concentrations as heifers also had the 

lowest survival rate after freshening for the first time 

compared with age-matched herdmates having greater 

AMH concentrations (Jimenez-Krassel et al., 2015). 

However, it seems that AMH positive correlation with 

pregnancy is only valid when dairy cows are 

inseminated following estrus detection and lacks after 

TAI (Ribeiro et al., 2014). Thus, it appears that the use 

of TAI protocols may override possible associations of 

AMH with field fertility and that may help explain some 

of contrasting results we have recently observed when 

working with Nelore cows.  

 

Contrasting with data found for Holstein cows, when 

working with mature Nelore cows (n = 758) and heifers 

(n = 1,113) we found no correlation between AFP and 

(animals likely having greater AMH) and conception 

rates following TAI protocols (Table 1; Baruselli et al., 

2015). This finding is in accordance with previous 

(Santos et al., 2014) reporting that high AFP positively 

influenced IVEP, but not conception rate of TAI Nelore 

cattle. More recently our group found similar results 

regarding Holstein cows subjected to TAI (Viziack et al., 

2016, unpublished data). In this study, regardless of 

having high or low AFP, conception rates following TAI 

were kept similar (Table 2). 
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Table 1. Number of animals enrolled in the trial, body condition score (BCS), age (months), ovulation and pregnancy 

rate after timed AI in Nelore heifers or cows according to the antral follicle population (AFP; measured at D4 of timed 

AI protocol; the expected moment of wave emergence) category in which animals were assigned. Data is shown as 

percentage or average ± standard error of the mean (SEM). 

 

 Antral follicle population categories 
Total P value 

 Low Medium High 

- - - - - - - - - - - - - - - -- - - - - - - - -COWS - - - - - - - - - - - - - - - - - -  - - - - - - - - -  - - - - - -  

Number of animals 255 250 253 758 - 

BCS (1 – 5) 3.00 ± 0.02 3.02 ± 0.02 3.02 ± 0.02 3.01 ± 0.01 0.29 

Antral follicle population, n 24.5 ± 0.5C 39.2 ± 0.9 B 56.3 ± 1.4 A 40.0 ± 0.7 < 0.0001 

Pregnancy rate, % 47.1 53.6 45.5 48.7 0.89 

- - - - - - - - - - - - - - - -  - - - - - -HEIFERS - - - - - - - - - - - - - - - - - -  - - - - - - - - -  - - - - - -  

Number of animals 371 371 371 1,113 - 

Age, months 15.0 ± 0.1 14.9 ± 0.1 14.8 ± 0.1 14.9 ± 0.1 0.22 

BCS (1 – 5) 3.27 ± 0.02 3.27 ± 0.02 3.31 ± 0.02 3.28 ± 0.01 0.74 

Antral follicle population, n 7.1 ± 0.1C 11.3 ± 0.1 B 17.2 ± 0.2 A 11.8 ± 0.2 < 0.0001 

Ovulation rate, % 82.5 78.3 79.8 80.2 0.56 

Pregnancy rate, % 39.6 36.4 36.7 37.6 0.57 

 

 

 

Table 2. Average and mean standard deviation of production and reproduction-linked characteristics of lactating 

Holstein cows with high or low antral follicle population (AFP). 

 

 High AFP Low AFP P value 

Number of lactation 1.0 ± 0.2 1.0 ± 1.0 > 0.05 

Number of insemination 3.1 ± 2.9 2.5 ± 2.6 > 0.05 

Milk production (Kg/day)) 30.6 ± 9.8 31.4 ± 9.4 > 0.05 

Number of follicles 30.6 ± 9.7 12.6 ± 4.2 < 0.05 

Pregnancy rate 30d after TAI 24.6% 24.5% > 0.05 

 

 

 

 

Additionally, although AFP has been respectably 

associated with embryo production, no effect of donor 

(non lactating Holstein cows) AFP was observed on 

pregnancy establishment of recipients after transferring 

the embryos produced in vitro (Fig. 12; Bragança et al., 

2014). Similarly, an absence of relationship between 

circulating levels of AMH and pregnancy probability 

was reported for crossbred recipients that received an in 

vitro produced embryo from Holstein donors (Fig. 13; 

Guerreiro et al., unpublished data).  We also failed to 

observe any association of circulating AMH neither with 

calving to conception intervals in Holstein and Jersey 

lactating cows (r = -0.05, P > 0.10) nor with age at 

conception in Holstein and Jersey nulliparous heifers (r 

= -0.06, P>0.10), inseminated after estrous detection or 

TAI (Carvalho et al., 2015; Fig. 14). Thus, circulating 

AMH doesn’t correlate with reproductive performance of 

lactating cows or heifers from Holstein and Jersey 

breeds. 

  

 
 

Figure 12. Pregnancy in crossbred (Bos indicus x Bos 

taurus) recipients after embryo transfer of in vitro 

produced embryos according to the non-lactating 

Holstein donor antral follicle population category (low, 

medium or high). Adapted from Bragança et al., 2014.  
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Figure 13. Relationship between circulating levels of 

AMH (ng/mL) and pregnancy probability in crossbred 

receptors after transferring in vitro produced embryos 

from Holstein donors (n=107). Adapted from Guerreiro 

et al., unpublished data.  

 

 

 
 

Figure 14. Relationship between circulating levels of 

AMH (pg/mL) and age (days) at conception in heifers (n 

= 528; panel A); and interval from calving-to-conception 

(days open) in lactating cows (n = 223; panel B). 

Adapted from Carvalho et al., 2015.  

 

 

Furthermore, because number of ovarian antral follicles 

appears to be correlated in cattle dam-daughter pairs 

(Walsh et al., 2014), and that may allow for selection 

of animals with greater AFP, we have recently looked 

into possible associations between circulating AMH in 

dam-daughter pairs in Holstein and Jersey breeds 

(Figure 15; Batista et al., 2015 – non-publish data). 

Although significant, the correlation in circulating AMH 

in dam-daughter pairs, was somewhat low (r = 0.18). 

Although, AFP in cattle is moderately heritable (0.31; 

Walsh et al., 2014), epigenetic factors such as levels of 

negative energy balance during early fetal life (Evans et 

al., 2012) as well as dam-age and lactation status 

(Walsh et al., 2014) might likely influence antral follicle 

count in offspring. These epigenetic factors might then 

explain the poor correlation found in circulating AMH 

between dam-daughter pairs. Overall, the value of using 

AMH measurement to predict field fertility is still 

controversial and further studies using large numbers of 

animals are needed to draw final conclusions. 

 

 
  

Figure 15. Correlation between circulating levels of 

AMH (pg/mL) in Holstein (n=116) and Jersey (n =106) 

dam-daughter pairs. AMH values are squared-root 

transformed. Batista et al., 2015 - non-publish data. 

  

 

CONCLUSIONS AND IMPLICATIONS 

 

The plasmatic concentration of AMH has been reported 

to positively correlate with the size of AFP, 

superovulatory response (number of large follicles and 

CL after treatment) and in vitro and in vivo embryo 

production. However, the association of AMH and 

fertility (pregnancy outcomes) is still controversial, and 

seems to be affected by other factors. Thus, AMH has 

the potential of being a reliable endocrine marker of 

ovarian reserve (AFP), and it may be used to predict the 

results of in vivo and in vitro embryo production. The 

levels of AMH is emerging as a new tool to help the 

identification of donor cows with greater potential from 

embryo production (more follicles available for OPU, 

and greater superovulation), accelerating the 

dissemination of selected genetics and improving herds 

genetic gain. 

0

10

20

30

40

50

60

0 0,2 0,4 0,6 0,8

Pr
eg

na
nc

y 
pr

ob
ab

ili
ty

, %

AMH (ng mL-1)

Circulating AMH (pg/mL)

0 200 400 600 800 1000 1200

A
g

e
 a

t 
c
o

n
c
e
p

ti
o

n

n
u

li
p

a
ro

u
s 

h
e
if

e
rs

 (
d

a
y
s)

250

300

350

400

450

500

550

600

r = -0.06

P > 0.10

A

Circulating AMH (pg/mL)

0 200 400 600 800 1000 1200

C
a

lv
in

g
 t

o
 c

o
n

c
e
p

ti
o

n
 i

n
te

rv
a

l

la
c
ta

ti
n

g
 c

o
w

s 
(d

a
y
s)

0

100

200

300

400

500

600

r = -0.05

P > 0.10

B

Mother AMH (SQRT transformed) pg/mL

0 10 20 30 40

D
a

u
g

h
te

r 
A

M
H

 (
S

Q
R

T
 t

ra
n

sf
o

rm
e
d

) 
p

g
/m

L

0

10

20

30

40

r = 0.22

P < 0.01

r = 0.18

P < 0.01

Continuous regression line: Jersey

Dashed regression line: Holstein



 
DOI: 10.18548/aspe/0003.01                                                           Baruselli PS, Batista EOS, Ferreira RM. SPERMOVA. 2016; 6(1): xx - xx 

11 
 

REFERENCES 

 

 Alvarez P, Spicer LJ, Chase CC, Payton ME, 

Hamilton TD, Stewart RE, Hammond AC, Olson TA, 

Wettemann RP. Ovarian and endocrine 

characteristics during an estrous cycle in Angus, 

Brahman, and Senepol cows in a subtropical 

environment. J. Anim. Sci. 2000, 78, 1291–1302. 

 Armstrong DT, Holm P, Irvine B, Petersen BA, 

Stubbings RB, McLean D, Stevens G, Seamark RF, 

Armstrong DT. Pregnancies and live birth from in 

vitro fertilization of calf oocytes collected by 

laparoscopic follicular aspiration. Theriogenology 

1992, 38, 667–678. 

 Baldrighi Jm, Sá Filho MF, Batista EO, Lopes RN, 

Visintin JA, Baruselli PS, Assumpção ME. Anti-

Mullerian hormone concentration and antral ovarian 

follicle population in Murrah heifers compared to 

Holstein and Gyr kept under the same management. 

Reprod Domest Anim. 2014 Dec; 49(6):1015-20. 

doi: 10.1111/rda.12430. 

 Batista EO, Guerreiro BM, Freitas BG, Silva JC, 

Vieira LM, Ferreira RM, Rezende RG, Basso AC, 

Lopes RN, Rennó FP, Souza AH, Baruselli PS.Plasma 

anti-Müllerian hormone as a predictive endocrine 

marker to select Bos taurus (Holstein) and Bos indicus 

(Nelore) calves for in vitro embryo production. 

Domest Anim Endocrinol. 2016 Jan; 54:1-9. doi: 

10.1016/j.domaniend.2015.08.001.  

 Batista EO, Macedo GG, Sala RV, Ortolan MD, Sá 

Filho MF, Del Valle TA, Jesus EF, Lopes RN, Rennó 

FP, Baruselli PS.Plasma antimullerian hormone as a 

predictor of ovarian antral follicular population in 

Bos indicus (Nelore) and Bos taurus (Holstein) 

heifers. Reprod Domest Anim. 2014 Jun; 49(3):448-

52. doi: 10.1111/rda.12304.  

 Baruselli PS, Batista EOS, Vieira LM, Souza AH. 

Relationship  between  follicle  population,  AMH  

concentration  and  fertility  in  cattle. Anim.  Reprod. 

2015, 12 (3): 487-497. 

 Bragança LGM, Marques KNG, Vieira LM, Silveira 

CRA, Picado LG, Monteiro BM, Sá Filho MF, 

Baruselli PS. The number of oocytes recovered from 

Holstein donors has no effect on the pregnancy 

establishment of in vitro embryo programs. Anim. 

Reprod. 2014, 11, 433 (abstract). 

 Burns DS, Jimenez-Krassel F, Ireland JL, Knight PG, 

Ireland JJ. Numbers of Antral Follicles During 

Follicular Waves in Cattle: Evidence for High 

Variation Among Animals, Very High Repeatability 

in Individuals, and an Inverse Association with 

Serum Follicle-Stimulating Hormone Concentrations. 

Biol. Reprod. 2005, 73, 54–62. 

doi:10.1095/biolreprod.104.036277 

 Camargo LS, Viana JH, Sá WF, Ferreira AM, Vale 

Filho VR. Developmental competence of oocytes from 

prepubertal Bos indicus crossbred cattle. Anim. 

Reprod. Sci. 2005, 85, 53–59. 

 Carvalho PD, Batista EOS, Verstegen J, Wiltbank 

MC, Baruselli PS, Souza AH. Circulating 

concentration of AMH in Holstein and Jersey breeds 

and its relationship to fertility in lactating cows and 

heifers, in: Proceedings of the 29th Annual Meeting 

of the Brazilian Embryo Technology Society (SBTE). 

Gramado, RS, Brazil, 2015. p. 617 (abstract). 

 Cate RL, Mattaliano RJ, Hession C, Tizard R, Farber 

NM, Cheung A, Ninfa EG, Frey AZ, Gash DJ, Chow 

EP, Fisher RA, Bertonis JM, Torres G, Wallner BP, 

Ramachandran KL, Ragin RC, Manganaro TF, 

MacLaughlin DT, Donahoe PK. Isolation of the 

bovine and human genes for müllerian inhibiting 

substance and expression of the human gene in 

animal cells. Cell 1986, 45, 685–698. 

 Cushman RA, DeSouza JC, Hedgpeth VS, Britt JH. 

Superovulatory response of one ovary is related to 

the micro- and macroscopic population of follicles in 

the contralateral ovary of the Cow. Biol. Reprod. 

1999, 60, 349–54. 

doi:10.1095/biolreprod60.2.349 

 Durlinger AL, Kramer P, Karels B, de Jong FH, 

Uilenbroek JT, Grootegoed JA, Themmen AP. Control 

of primordial follicle recruitment by anti-Müllerian 

hormone in the mouse ovary. Endocrinology. 1999 

Dec; 140 (12):5789-96. 

doi:10.1210/en.140.12.5789 

 Erickson BH, Reynolds RA, Murphree RL. Ovarian 

characteristics and reproductive performance of the 

aged cow. Biol. Reprod. 1976. 15, 555–560. 

 Fortune JE, Yang MY, Muruvi W. In vitro and in vivo 

regulation of follicular formation and activation in 

cattle. Reproduction, Fertility and Development. 

Reprod. Fertil. Dev. 2010, 23, 15–22. 

 Frattarelli, J.L., Lauria-Costab, D.F., Miller, B.T., 

Bergh PA, Scott RT. Basal antral follicle number and 

mean ovarian diameter predict cycle cancellation 

and ovarian responsiveness in assisted reproductive 

technology cycles. Fertil. Steril. 2000. 74, 512–

517. doi:10.1016/S0015-0282(00)00708-1 

 Gamarra G, Ponsart C, Lacaze S, Le Guienne B, 

Humblot P, Deloche MC, Monniaux D, Ponter AA. 

Dietary propylene glycol and in vitro embryo 

production after ovum pick-up in heifers with different 

anti-Müllerian hormone profiles. Reprod. Fertil. Dev. 

2015, 27. 

 Gandolfi F, Milanesi E, Pocar P, Luciano AM, Brevini 

TA, Acocella F, Lauria A, Armstrong DT. 

Comparative analysis of calf and cow oocytes 

during in vitro maturation. Mol. Reprod. Dev. 1998, 

168– 175. 

 Grootegoed JA, Baarends WM, Themmen AP. 

Welcome to the family: the anti-müllerian hormone 



 
DOI: 10.18548/aspe/0003.01                                                           Baruselli PS, Batista EOS, Ferreira RM. SPERMOVA. 2016; 6(1): xx - xx 

12 
 

receptor.  Mol. Cell. Endocrinol.2005, 100, 29–34. 

doi:10.1016/0303-7207(94)90274-7 

 Guerreiro BM, Batista EO, Vieira LM, Sá Filho MF, 

Rodrigues CA, Castro Netto A, Silveira CR, Bayeux 

BM, Dias EA, Monteiro FM, Accorsi M, Lopes RN, 

Baruselli PS. Plasma anti-Mullerian hormone: an 

endocrine marker for in vitro embryo production 

from Bos taurus and Bos indicus donors. Domest. 

Anim. Endocrinol. 2014, 49, 96–104. 

doi:10.1016/j.domaniend.2014.07.002 

 Ireland JJ, Ward F, Jimenez-Krassel F, Ireland JL, 

Smith GW, Lonergan P, Evans AC. Follicle numbers 

are highly repeatable within individual animals but 

are inversely correlated with FSH concentrations and 

the proportion of good-quality embryos after ovarian 

stimulation in cattle. Hum. Reprod. 2007, 22, 

1687–1695. 

 Ireland JJ, Zielak-Steciwko AE, Jimenez-Krassel F, 

Folger J, Bettegowda A, Scheetz D, Walsh S, Mossa 

F, Knight PG, Smith GW, Lonergan P, Evans AC. 

Variation in the ovarian reserve is linked to 

alterations in intrafollicular estradiol production and 

ovarian biomarkers of follicular differentiation and 

oocyte quality in cattle. Biol. Reprod. 2009, 80, 

954–964. 

 Ireland JJ, Smith GW, Scheetz D, Jimenez-Krassel F, 

Folger JK, Ireland JL, Mossa F, Lonergan P, Evans 

AC. Does size matter in females? An overview of the 

impact of the high variation in the ovarian reserve on 

ovarian function and fertility, utility of anti-Müllerian 

hormone as a diagnostic marker for fertility and 

causes of variation in the ovarian reserve in. Reprod. 

Fertil. Dev. 2010, 23, 1–14. 

 Ireland JL, Scheetz D, Jimenez-Krassel F, Themmen 

AP, Ward F, Lonergan P, Smith GW, Perez GI, 

Evans AC, Ireland JJ. Antral Follicle Count Reliably 

Predicts Number of Morphologically Healthy 

Oocytes and Follicles in Ovaries of Young Adult 

Cattle. Biol. Reprod. 2008,  79, 1219–1225. 

 Jimenez-Krassel F, Folger JK, Ireland JL, Smith GW, 

Hou X, Davis JS, Lonergan P, Evans AC, Ireland JJ.  

Evidence That High Variation in Ovarian Reserves of 

Healthy Young Adults Has a Negative Impact on the 

Corpus Luteum and Endometrium During Estrous 

Cycles in Cattle. Biol. Reprod. 2009, 80, 1272–

1281. doi:10.1095/biolreprod.108.075093 

 Jimenez-Krassel, F., Scheetz, D.M., Neuder, L.M., 

Ireland, J.L.H., Pursley, J.R., Smith, G.W., 

Tempelman, R.J., Ferris, T., Roudebush, W.E., 

Mossa, F., Lonergan, P., Evans, A.C.O., Ireland, J.J., 

2015. 

 Jimenez-Krassel F, Scheetz DM, Neuder LM, Ireland 

JL, Pursley JR, Smith GW, Tempelman RJ, Ferris T, 

Roudebush WE, Mossa F, Lonergan P, Evans AC, 

Ireland JJ. Concentration of anti-Müllerian hormone 

in dairy heifers is positively associated with 

productive herd life. J. Dairy Sci. 2015, 98, 3036–

45. doi:10.3168/jds.2014-8130 

 Kastrop PM, Bevers MM, Destrée OH, Kruip TA. 

Protein synthesis and phosphorylation patterns of 

bovine oocytes maturing in vivo. Mol. Reprod. Dev. 

1991, 29, 271–275. 

 Kawamata M. Relationships between the number of 

small follicles prior to superovulatory treatment and 

superovulatory response in Holstein cows. J. Vet. 

Med. Sci. 1994. 56, 965–967. 

 Kevenaar ME, Meerasahib MF, Kramer P, Van De 

Lang-Born BMN, De Jong FH, Groome NP, Themmen 

APN, Visser JA, Serum anti-Müllerian hormone levels 

reflect the size of the primordial follicle pool in mice. 

Endocrinology 2006. 147, 3228–3234. 

doi:10.1210/en.2005-1588 

 Lohuis MM. Potential benefits of bovine embryo-

manipulation technologies to genetic improvement 

programs. Theriogenology 1995, 43, 51–60. 

 Lonergan P, Monaghan P, Rizos D, Boland MP, 

Gordon I. Effect of follicle size on bovine oocyte 

quality and development competence following 

maturation, fertilization and culture in vitro. Mol. 

Reprod. Dev.1994, 37, 48–53. 

 Maurer R, Echternkamp S. Repeat-breeder females in 

beef cattle: Influences and causes. J. Anim. Sci. 

1985, 61, 624–636. 

 Monniaux D, Barbey S, Rico C, Fabre S, Gallard Y, 

Larroque H. Anti-Müllerian hormone: a predictive 

marker of embryo production in cattle? Reprod. 

Fertil. Dev. 2010a, 22, 1083–1091. 

 Monniaux D, Drouilhet L, Rico C, Estienne A, Jarrier 

P, Touzé JL, Sapa J, Phocas F, Dupont J, Dalbiès-Tran 

R, Fabre S. Regulation of anti-Müllerian hormone 

production in domestic animals. Reprod. Fertil. Dev. 

2012. 25, 1–16. 

 Monniaux D, Rico C, Larroque H, Dalbiès-Tran R, 

Médigue C, Clément F, Fabre S. L’hormone 

antimüllérienne, prédicteur endocrinien de la 

réponse à une stimulation ovarienne chez les bovins. 

Gynécologie Obs. Fertil. 2010b, 38, 465–470. 

doi:10.1016/j.gyobfe.2010.05.009 

 Mossa F, Walsh SW, Butler ST, Berry DP, Carter F, 

Lonergan P, Smith GW, Ireland JJ, Evans AC. Low 

numbers of ovarian follicles ≥3 mm in diameter are 

associated with low fertility in dairy cows. J. Dairy 

Sci. 2012, 95, 2355–61. doi:10.3168/jds.2011-

4325 

 Pavlok A, Lucas-Hahn A, Niemann H.  Fertilization 

and developmental competence of bovine oocytes 

derived from different categories of antral follicles. 

Mol. Reprod. Dev. 1992, 31, 63–67. 

 Piltonen T, Morin-papunen L, Koivunen R, 

Perheentupa A, Ruokonen A, Tapanainen JS. Serum 

anti-Mullerian hormone levels remain high until late 

reproductive age and decrease during metformin 



 
DOI: 10.18548/aspe/0003.01                                                           Baruselli PS, Batista EOS, Ferreira RM. SPERMOVA. 2016; 6(1): xx - xx 

13 
 

therapy in women with polycystic ovary syndrome. 

Hum. Reprod. 2005, 20, 1820–1826. 

doi:10.1093/humrep/deh850 

 Pontes JH, Nonato-Junior I, Sanches BV, Ereno-Junior 

JC, Uvo S, Barreiros TR, Oliveira JA, Hasler JF, 

Seneda MM. Comparison of embryo yield and 

pregnancy rate between in vivo and in vitro methods 

in the same Nelore (Bos indicus) donor cows. 

Theriogenology 2009, 71, 690–697. 

 Ribeiro ES, Bisinotto RS, Lima FS, Greco LF, Morrison 

A, Kumar A, Thatcher WW, Santos JE. Plasma anti-

Müllerian hormone in adult dairy cows and 

associations with fertility. J. Dairy Sci. 2014, 97, 

6888–6900. 

doi:http://dx.doi.org/10.3168/jds.2014-7908 

 Rico C, Drouilhet L, Salvetti P, Dalbiès-Tran R, Jarrier 

P, Touzé JL, Pillet E, Ponsart C, Fabre S, Monniaux 

D. Determination of anti-Müllerian hormone 

concentrations in blood as a tool to select Holstein 

donor cows for embryo production: from the 

laboratory to the farm. Reprod. Fertil. Dev. 2012, 

24, 932–944. 

 Rico C, Fabre S, Médigue C, di Clemente N, 

Clément F, Bontoux M, Touzé JL, Dupont M, Briant 

E, Rémy B, Beckers JF, Monniaux D.Anti-mullerian 

hormone is an endocrine marker of ovarian 

gonadotropin-responsive follicles and can help to 

predict superovulatory responses in the cow. Biol. 

Reprod. 2009, 80, 50–59. 

doi:10.1095/biolreprod.108.072157 

 Sales JN, Iguma LT, Batista RI, Quintão CC, Gama 

MA, Freitas C, Pereira MM, Camargo LS, Viana JH, 

Souza JC, Baruselli PS. Effects of a high-energy diet 

on oocyte quality and in vitro embryo production in 

Bos indicus and Bos taurus cows. J. Dairy Sci. 2015, 

98, 3086–99. doi:10.3168/jds.2014-8858 

 Santos GMG, Silva-Santos KC, Barreiros TRR, 

Morotti F, Sanches BV, Moraes FLZ, Blaschi W, 

Seneda MM. High numbers of antral follicles 

influence the in vitro embryo production, but not the 

conception rate of fixed-time artificial insemination in 

Nelore cattle. Reprod. Fertil. Dev. 2014, 27, 206–

206. 

 Satrapa RA, Castilho AS, Razza EM, Pegorer MF, 

Puelker R, Barros CM. Differential expression of 

members of the IGF system in OPU-derived oocytes 

from Nelore (Bos indicus) and Holstein (Bos taurus) 

cows. Anim. Reprod. Sci. 2013, 138, 155–158. 

 Singh J, Domı́nguez M, Jaiswal R, Adams GP. A 

simple ultrasound test to predict the superstimulatory 

response in cattle. Theriogenology 2004, 62, 227–

243. 

 Souza AH, Carvalho PD, Rozner AE, Vieira LM, 

Hackbart KS, Bender RW, Dresch AR, Verstegen JP, 

Shaver RD, Wiltbank MC. Relationship between 

circulating anti-Müllerian hormone (AMH) and 

superovulatory response of high-producing dairy 

cows. J. Dairy Sci. 2015, 98, 169–178. 

 Tan SJ, Lu KH. Effect of different estrus stages of 

ovaries and size of follicles on generation of bovine 

embryos in vitro. Theriogenology 1990, 33, 355 

(abstract). 

 Taneja M, Bols PE, Van de Velde A, Ju JC, Schreiber 

D, Tripp MW, Levine H, Echelard Y, Riesen J, Yang 

X. Developmental Competence of Juvenile Calf 

Oocytes In Vitro and In Vivo : Influence of Donor 

Animal Variation and Repeated Gonadotropin 

Stimulation. Biol. Reprod. 2000, 62, 206–213. 

 Vernunft A, Schwerhoff M, Viergutz T, Diederich M, 

Kuwer A. Anti-Muellerian hormone levels in plasma 

of Holstein-Friesian heifers as a predictive parameter 

for ovum pick-up and embryo production outcomes. 

J. Reprod. Dev. 2015, 61, 74–79. 

 Weenen C, Laven JSE, von Bergh ARM, Cranfield 

M, Groome NP, Visser JA, Kramer P, Fauser BCJM, 

Themmen APN. Anti-Müllerian hormone expression 

pattern in the human ovary: Potential implications for 

initial and cyclic follicle recruitment. Mol. Hum. 

Reprod. 2004, 10, 77–83. 

doi:10.1093/molehr/gah015 

 Wise T. Biochemical analysis of bovine follicular 

fluid: albumin, total protein, lysosomal enzymes, 

ions, steroids and ascorbic acid content in relation 

to follicular size, rank, atresia classification and day 

of estrous cycle. J. Anim. Sci. 1987, 64, 1153–

1159. 


