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Introduction 
Bovine Mullerian Inhibiting factor (UniProtKB-P03972), also known as anti-Mullerian hormone (AMH), is a 

glycoprotein encoded by the AMH gene (Gene ID: 280718, NCBI) located on chromosome 7 in cattle (Bos taurus). 

AMH is a member of the TGFβ Family of growth/differentiation factors (1). AMH determines sexual differentiation 

by inducing the regression of the Mullerian ducts in males during fetal development (and in a female twin of a 

male fetus resulting in a freemartin calf). AMH is also known to be an important growth factor/hormone within 

the ovary. Physiologically AMH is secreted by granulosa cells of developing ovarian follicles. (2;3) Patho-

physiologically AMH is known to be secreted by granulosa-theca cell tumors. (4) AMH is also secreted in males by 

Sertoli cells of the testis.(5;6) However, the physiological role of AMH in the adult male is at best poorly 

understood currently.  

Based on the physiology of AMH, the veterinary and management utility of AMH levels in female cattle is 

increasingly being assessed, particularly as reagents for quantitative measurement of AMH in peripheral 

circulation are becoming more widely available.  Even at this early stage of investigation, AMH clearly has utility.  

The value of AMH testing in veterinary use during embryo transfer programs involving high value animals is 

developing rapidly. While AMH physiology supports the potential utility of AMH levels in assessing present and/or 

future fertility in herd management, evidence is developing relatively slowly due to relatively high testing costs. 

AMH can be measured in serum or plasma any time in the estrous cycle. AMH levels also provide a direct measure 

of functional ovarian reserve and is highly correlated with antral follicle count (AFC) determined by ultrasound. 

Serum levels of AMH have been shown to be more repeatable than antral follicle counts by transrectal 

ultrasonography. (7-9) Declining AMH levels indicate a decline in fertility/fecundity. Not surprisingly given the 

cost-driven nature of commercial cattle operations, more is currently known about the utility of AMH testing in 

dairy herd management than for beef production applications.  

Bovine AMH Testing 
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As the database of AMH measurements in cattle increases and testing becomes more affordable, the role of AMH 

in “Marker Assisted Selection” can be fully assessed and valued. This is a rapidly progressing technology in which 

molecular and biochemical markers are combined with traditional phenotype assessments to select traits optimal 

for milk and dairy production as well as for cost effective herd management. For example, genotyping of variants 

of milk protein genes is currently being evaluated as a means of improving milk yield and/or composition. AMH 

testing offers potential for optimizing the prevalence of favorable genotypes in a herd by providing an objective 

tool for selecting the most fertile cows in a timely and cost-effective manner. 

Serum AMH Levels: Potential Applications in Veterinary Medicine, Herd 

Management, and Bovine Research. 

Predicting response to ovarian stimulation and embryo yield  
Measuring AMH before enrolling cows in superovulation programs can be used to maximize the numbers of 

embryos successfully transferred, reducing the currently high costs per embryo produced. 

AMH levels are directly related to the size of the antral follicular pool and is a powerful predictor of response to 

ovarian stimulation. AMH levels prior to ovarian stimulation are directly correlated with the resultant number of 

ovulations.(7;9-11) 

AMH is also a marker of the quality of developing follicles. Healthy follicles at all stages of secondary and early 

antral development produce more AMH than unhealthy follicles. AMH has been shown to be a useful predictor of 

embryo yield. AMH concentration, measured in the plasma of donor dairy cows during first lactation and several 

months before the start of the embryo production campaigns, is highly correlated with the maximal number of 

recovered and transferable embryos per cow.(12) 

Predicting fertility in dairy cows: selection for culling 
AMH testing can contribute to improved profitability by reducing reproductive management costs.   

This review focuses on dairy herds as the majority of what is known regarding the practical value of AMH testing 

has been obtained in studies of dairy cows, however the physiology of AMH appears to be virtually the same in 

dairy and beef cows of both subspecies of Bos Taurus (e.g. Bos taurus tarus and, Bos taurus indicus) as well as in 

cross-bred cattle. (13;14) 

Reproductive management costs are often under-estimated and significantly impact profitability. Much of 

reproductive management depends on deciding which animals to cull and when. Fertility is a key trait used, along 

with other selection traits (such as milk production, sale values, etc.), considered in culling strategies. Fertility is 

assessed by sets of parameters that, in practice, do not distinguish fertility from fecundity and differ greatly across 

operators based on their experience, size of herd and operational strategies employed to maximize efficiency 

and/or profitability. Historically, the reproductive history of the cow or heifer in question and the reproductive 

history of the sire were the primary objective parameters. More recently genetic testing of cows may allow 

consideration of female genetic merit as well (note: sire traits for semen donor bulls have been available for many 

decades). Genetic trends for various traits (milk production, milk composition, productive life expectancy, 

daughter pregnancy rate, heifer and cow conception rates, calving ease, etc.) for several US dairy breeds are 

updated annually.  Many models of calculating cost and returns are used by operators to design culling strategies. 

Generally, simple models do not include many significant factors that alter the balance between cull rate and how 

long a cow should be retained in the herd. The optimal combination of subjective and objective parameters has 

yet to be achieved to maximize profitability.(15)  Adding AMH testing provides a unique and objective parameter 

to predict future reproductive potential based on ovarian function rather than genetics of the cow/heifer being 

evaluated. 
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As noted above, AMH testing provides an estimate of the number of ovarian follicles in adult cows. This is the 

basis for observations that AMH levels in adult cows are associated with: 

• future easy of conception 

• rate of pregnancy to term 

• days in milk 

• predicting response ovarian stimulation protocols, including number of ovulations and embryo yield 

• predicting reproductive longevity in adult cows 

AMH is also a powerful new tool in the selection of replacement heifers. Predicting the future reproductive rate of 

young cows as replacement for older cows whose production/reproductive performance has declined. AMH levels 

are associated with:  

• predicting conception rates to Artificial Insemination 

• predicting days open after calving for individual cows 

• identifying, without compromising milk production, heifers with predicted overall superior reproductive 

performance 

Each of these associations can, in principle, be adapted to the needs of specific operations as a significant aid in 

the process of deciding which animals to cull and when. 

Diagnosis of Granulosa-Thecal Cell Tumors 
AMH is a novel biomarker for granulosa-thecal cell tumors in cattle. 

Neoplastic granulosa cells in surgical biopsy of granulosa-thecal cell tumors and processed for 

immunohistochemistry are clearly labeled with AMH antibody and plasma AMH levels are significantly higher in 

cows with granulosa-thecal cell tumors than healthy cows with a functional corpus luteum, cows with ovarian 

cysts or super-ovulated cows.(16) 

Testing for the presence of functional testicular tissue.  
AMH is the best marker for the presence of testicular tissue and/or Sertoli cell function. 

Castrate bull (veterinary use) and Freemartin (research use) AMH testing is a cost-effective substitute for 

expensive surgical or imagining assessments.(5;6)  

Basic research using bovine models of ovarian physiology and pathophysiology 
AMH ELISAs provide an important new tool that is increasingly being utilized in basic research using bovine 

models to understand the physiology of AMH and early folliculogenesis as well as reproductive disorders of 

cattle and humans.  

The cow has long been a model for the study of ovarian physiology and pathophysiology. The increasing 

understanding and use of embryo transfer technologies over the past several decades has contributed greatly as 

access to ovarian tissues are now widely available. Basic research using bovine models focuses on both improving 

our understanding of bovine disease and management and as a non-primate model of human ovarian function 

and fertility, especially at the molecular/cellular level. For example, assisted reproduction technologies such as 

ovarian stimulation, in-vitro transfer processes, and fertility preservation in humans were built on the knowledge 

gained from the development and application of bovine embryo transfers.  

Currently bovine models offer significant advantage when using accurate and specific AMH measurements in 

blood, follicular fluid and/or culture medium to address basic questions regarding: 

• The endocrine, paracrine and autocrine regulation of AMH biosynthesis and action (11;17) 

• The dynamics of stage-specific AMH secretion during follicular maturation (3) 
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• The etiology of ovarian cyst formation, which is poorly understood, particularly at the intra-follicular or 

cellular level. Bovine cyst formation is likely driven by processes similar those that cause failure to ovulate 

in some women with PCOS and these processes are more easily studied in bovine models. (18) 

Measurement of Bovine AMH 
Measuring peripheral levels of AMH is currently, and most cost-effectively, achieved using double antibody 

immunoassay methods, primarily as an enzyme-linked immuno-absorbent assay (ELISA). Design of such methods 

critically influences the values obtained by and the utility of the testing. Assay designs, which vary considerably 

across current manufacturers of AMH ELISAs based on the structure and biological function of the hormone. The 

active hormone is a homodimer of the highly conserved region of the C-terminal of the secreted prohormone 

protein. Bovine and human AMH sequences are 78% homologous. The homodimer is covalently linked by 

interchain disulfides and, by analogy to the human hormone, is non-covalently associated with the protease 

cleaved N-terminal region of the pro-hormone which is the circulating and biologically active form of AMH. Key 

differences among AMH ELISAs involve the epitopes recognized by the antibodies used in the assay and by the 

source/purity of the assay calibrators.  As such, results generated by ELISAs from different manufacturers are not 

commutable. Typically, measurements of the same specimens in different ELISAs are non-linearly related. 

Importantly, there is also a wide range of species-specificity and interfering materials across different ELISAs.  

The first double-monoclonal bovine assay was developed using antibodies against AMH purified from bovine 

testes but lacked the sensitivity (i.e., the limit of detection was 20 ng/mL) to measure AMH in bovine serum or 

plasma except in bulls younger than 6 weeks of age. (19) Subsequent double monoclonal antibody assays, as 

summarized in Table 1) were designed to measure levels of AMH in adult women (0.1 to > 5 ng/mL) and lacked 

species specificity so they could be used to measure bovine AMH (purified or simply newborn bull serum). The first 

human assay used to measure AMH in serum or plasma from adult cattle was the Active AMH/MIS ELISA 

manufactured by Diagnostic Laboratory Systems, Inc (DSL) who was later acquired by Beckman-Coulter 

Diagnostics. The DSL assay was designed to measure AMH in human serum which was significantly lower than 

AMH levels in bovine serum, but as the assay’s limit of detection was 20 to 40 pg/mL it could, by increasing the 

specimen volume tested, measure AMH in most albeit not all (less than about 90%) bovine serum 

specimens.(11;18;20;21) Beckman replaced this assay with its Gen II Human AMH ELISA using the same 

monoclonal antibodies and basic assay design but the Gen II assay was less sensitive than the DSL assay and the 

values reported by this assay (bovine or human) are not commutable across the various re-calibrations and 

modified protocols that mark its history of use. Neither the DSL nor Gen II assay were ever rigorously validated for 

the measurement of bovine AMH. Assay performance and perhaps validity underlie at least part of the high 

variability of bovine AMH results reported using these assays. 

The first bovine specific AMH assay is the Ansh Bovine AMH ELISA. This assay uses a unique pair of monoclonal 

antibodies. The assay is calibrated using recombinant bovine AMH and does not cross react with human AMH (< 

0.001% based on protein mass). This assay is described in detail below and has been the mostly widely used to 

measure AMH in bovine serum/plasma since it became widely available in 2012. (7;8;22-24) 

Measurement of bovine serum AMH using the ANSH ELISA (AL-114) 
This assay was designed specifically for the measurement of bovine AMH in serum, plasma, whole blood, follicular 

fluid or culture media. The monoclonal antibodies are manufactured by Ansh Labs and are directed against the 

prohormone and mature (C-terminal) regions of the secreted protein; both covalent and non-covalent complexes 

of pro-mature AMH as it exists in circulation are measured specifically. The assay is calibrated (approximately 15 

to 2,000 pg/mL) with recombinant bovine AMH and does not recognize human AMH or other TGFβ family 

members. 
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Rigorous validation of the Ansh Bovine AMH ELISA has been published. (8) The limit of detection for measuring 

AMH in bovine serum is 11 pg/mL which allows quantitative measurement of the low levels of AMH observed in 

adult cattle. The Ansh Labs’ Bovine AMH ELISA kit is manufactured in conformance with ISO13485:2016 standards 

(Ansh Labs is an ISO certified manufacturer).  

Because of its sensitivity, specific design for measuring bovine AMH, and manufacturing consistency, a majority of 

the peer-reviewed publications since 2014 reporting measurements of AMH in bovine serum/plasma have utilized 

this method.  

As with any laboratory test intended for diagnostic or management use, interpretation depends on normative or 

reference data. Figure 1 is a summary of serum AMH values acquired by Ansh Esoteric Laboratory testing services 

using the Ansh Bovine AMH ELISA. 

 

Table 1. 

Reference method Pub year Title 

(19) Necklaws 1986 
Detection of Mullerian inhibiting substance in biological samples by a solid phase sandwich 
radioimmunoassay 

(18) DSL/Beckman 2008 
Intrafollicular Steroids and Anti-Mullerian Hormone During Normal and Cystic Ovarian Follicular 
Development in the Cow 

(25) DSL/Beckman 2008 
Antral Follicle Count Reliably Predicts Number of Morphologically Healthy Oocytes and Follicles in 
Ovaries of Young Adult Cattle 

(21) DSL/Beckman 2009 
Anti-Mullerian Hormone Is an Endocrine Marker of Ovarian Gonadotropin-Responsive Follicles and 
Can Help to Predict Superovulatory Responses in the Cow 

(12)  2010 Anti-Mullerian hormone: a predictive marker of embryo production in cattle 

(11) DSL/Beckman 2011 
Regulation of Anti-Mullerian Hormone Production in the Cow: A Multiscale Study at Endocrine, 
Ovarian, Follicular, and Granulosa Cell Levels 

(16) Ansh 2012 
Anti-Mullerian Hormone Profiles as a Novel Biomarker to Diagnose Granulosa-theca Cell Tumors in 
Cattle 

(9) 
Active MIS/AMH 
ELISA (Beckman 

French) 
2012 

Determination of anti-Mullerian hormone concentrations in blood as a tool to select Holstein donor 
cows for embryo production: from the laboratory to the farm 

(26) Beckman Gen II 2012 
Prediction of Superovulatory Response in Japanese Black Cattle Using Ultrasound, Plasma Anti-
Mullerian Hormone Concentrations and Polymorphism in the Ionotropic Glutamate Receptor 
AMPA1/GRIA1 

(27) Immunotech 2013 
The Anti-Mullerian Hormone Profile is Linked with the In Vitro Embryo Production Capacity and 
Embryo Viability after Transfer but Cannot Predict Pregnancy Outcome 

(4) Beckman Gen II 2013 
Plasma anti-Mullerian hormone as a biomarker for bovine granulosa-theca cell tumors: Comparison 
with immunoreactive inhibin and ovarian steroid concentrations 

(28) Ansh 2014 
Plasma Antimullerian Hormone as a Predictor of Ovarian Antral Follicular Population in Bos indicus 
(Nelore) and Bos taurus (Holstein) Heifers 

(29) Ansh 2014 
Plasma anti-mullerian hormone: an endocrine marker for in-vitro embryo production from Bos 
taurus and Bos indicus donors 

(8) Ansh 2014 Plasma anti-Mullerian hormone in adult dairy cows and associations with fertility 

(14) Ansh 2015 Relationship between follicle population, AMH concentration and fertility in cattle 

(30) DSL/Beckman 2015 
Anti-Mullerian hormone levels in plasma of Holstein-Friesian heifers as a predictive parameter for 
ovum pick-up and embryo production outcomes 

(7) Ansh 2015 
Relationship between circulating anti-Mullerian hormone (AMH) and superovulatory response of 
high-producing dairy cows 

(20) Ansh 2015 
The BOC ELISA, a ruminant-specific AMH immunoassay, improves the determination of plasma AMH 
concentration and its correlation with embryo production in cattle 

(31) Beckman Gen II 2015 
Concentration of anti-Mullerian hormone in dairy heifers is positively associated with productive 
herd life 

(32) 

Active 
MIS/AMH ELISA 

(Beckman) 

2015 

 

Dietary propylene glycol and in vitro embryo production after ovum pick-up in heifers with different 
anti-Mullerian hormone profiles (Immunotech) 
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(5) Beckman Gen II 
2016 

 

Changes in peripheral anti-Mullerian hormone concentration and their relationship with testicular 
structure in beef bull calves 

(33) Ansh 2016 

 

Systemic and local anti-Mullerian hormone reflects differences in the reproduction potential of Zebu 
and European type cattle 

(22) Ansh 2017 
Repeatability of antral follicle counts and anti-Mullerian hormone and their associations determined 
at an unknown stage of follicular growth and an expected day of follicular wave emergence in dairy 
cows 

(6) Laboklin 2017 
Anti-Mullerian hormone, inhibin A, gonadotropins, and gonadotropin receptors in bull calves after 
partial scrotal resection, orchidectomy, and Burdizzo castration (unknown if still available) 

(34) Ansh 2017 Fetal sex alters maternal anti-Mullerian hormone during pregnancy in cattle 

(35) 
Sincere Biotech 
Co., Ltd, China 

2017 
Anti-Mullerian hormone and antral follicular count in early and delayed pubertal Murrah buffalo 
heifers (Available) 

(36) Beckman Gen II 2017 
Long-term changes in plasma anti-Mullerian hormone concentration and the relationship with 
superovulatory response in Japanese Black cattle 

(37) MOFA Global 2017 
Ovulation rate, antral follicle count, and circulating anti-Mullerian hormone in Trio allele carriers, a 
novel high fecundity bovine genotype (purchased by minitube) (unknown if still available) 

(10) 
Cloud-Clone 

Corp 
2017 

Relationship among circulating anti-Mullerian hormone, insulin like growth factor 1, cadmium and 
superovulatory response in dairy cows (Available) 

(38) 
MiniTube of 

America 
2018 

Genomic heritability and genome-wide association analysis of anti-Mullerian hormone in Holstein 
dairy heifers (unknown if still available) 

(23) Ansh 2018 
Anti-Mullerian Hormone and Follicle Counts as Predictors of Superovulatory Response and Embryo 
Production in Beef Cattle 

(39) Ansh 2018 
Anti-Mullerian Hormone (AMH), antral follicle count (AFC), external morphometrics and fertility in 
Tabapua cows 

(40) Ansh 2018 
The relationship between serum anti-Mullerian hormone concentrations and fertility, and genome-
wide associations for anti-Mullerian hormone in Holstein cows 

(41) Ansh 2018 
Nulliparous and primiparous cows produce less fertile female offspring with lesser concentration of 
anti-Mullerian hormone (AMH) as compared with multiparous cows 

(42) Ansh 2018 
The relationship between circulating concentration of AMH and LH content in the follicle stimulating 
hormone (FSH) preparations on follicular growth and ovulatory response to superovulation in water 
buffaloes 

(43) Ansh 2019 
Inferior fertility and higher concentrations of anti-Mullerian hormone in dairy cows with longer 
anogenital distance 

(44) N/A 2019 
The relationship between anogenital distance and fertility, and genome-wide associations for 
anogenital distance in Irish Holstein-Friesian cows 
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Figure 1: AMH levels (pg/mL) in Cattle using the Ansh Bovine AMH ELISA 
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