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The aim of this study was to evaluate the association between plasma anti-mullerian
hormone (AMH) concentration and in vitro embryo production (IVP) from Bos taurus
(Holstein) and Bos indicus (Nelore) donors. A total of 59 Holstein (15 prepubertal heifers
aged 8–10 mo, 15 cyclic heifers aged 12–14 mo, 14 lactating cows, and 15 nonlactating
cows) and 34 Nelore (12 prepubertal heifers aged 10–11 mo, 10 prepubertal heifers aged
21–23 mo, and 12 cyclic heifers aged 24–26 mo) females were enrolled. All females un-
derwent an ovum pick-up (OPU), without previous synchronization of the follicular wave,
and IVP procedure. Immediately before the OPU procedure, blood samples were collected
for subsequent AMH determination. A positive correlation was observed between the
plasma AMH and number of in vitro embryos produced from Holstein (r ¼ 0.36, P < 0.001)
and Nelore (r ¼ 0.50, P ¼ 0.003) donors. For additional analyses, donors within each ge-
notype were classified into 1 of 2 AMH categories (low or high) according to the average
AMH concentration for each genotype. The results revealed that females classified as
having high AMH presented a greater number of visible aspirated follicles (Holstein: 20.9
� 1.5 vs 13.6 � 0.9, P < 0.0001; Nelore: 54.3 � 6.1 vs 18.6 � 2.1, P < 0.0001) and a greater
number of recovered cumulus-oocyte complexes (Holstein: 17.3 � 1.5 vs 9.0 � 0.9, P <

0.0001; Nelore: 45.3 � 6.4 vs 13.4 � 1.7, P < 0.0001). However, there was no difference in
the blastocyst production rate (Holstein: 20.6% � 4.0% vs 19.8% � 4.2%, P ¼ 0.60; Nelore:
33.7% � 6.5% vs 27.4% � 5.5%, P ¼ 0.41, high and low AMH, respectively). Moreover, donors
classified as having high AMH yielded a greater number of embryos produced per OPU
(Holstein: 3.0 � 0.7; Nelore: 7.0 � 1.7) compared with those classified as having low AMH
(Holstein: 1.2 � 0.3, P ¼ 0.04; Nelore: 2.2 � 0.5, P ¼ 0.007). In conclusion, although the
plasma AMH concentration did not alter the ability of the cumulus-oocyte complex to
reach the blastocyst stage, the AMH concentration in plasma can be an accurate endocrine
marker for the in vitro embryo yield from either B. taurus (Holstein) or B. indicus (Nelore)
4.
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donors. Therefore, AMH is a promising tool to enhance the overall efficiency of OPU–IVP
programs in the field as a selective criterion for high embryo producing donors.

� 2014 Elsevier Inc. All rights reserved.
1. Introduction

The profitability of the dairy and beef industries is
highly correlated to the meat and milk yield, genetic se-
lection, and reproductive efficiency. Reproductive tech-
nologies, such as in vitro embryo production (IVP), have
been applied worldwide to rapidly enhance the genetics of
dairy and beef cattle through the female lineage. However,
the efficiency of this technique has been impaired by the
large variability among donors in their response to IVP
procedures [1–4]. Therefore, the success of in vitro embryo
technologies has been associated primarily with physio-
logical characteristics, such as ovarian antral follicle pop-
ulation (AFP) and oocyte competence (eg, the ability of the
oocyte to reach the blastocyst stage) [5–8].

The AFP has been related to several substances,
including the concentrations of circulating insulin, insulin-
like growth factor I, and anti-mullerian hormone (AMH)
[9–13]. However, the strong association between the folli-
cle population and the AMH concentration provides a
consistent method for predicting the AFP [14–16]. AMH is a
glycoprotein member of the transforming growth factor
beta superfamily [17]. In females, AMH exclusively
expressed in the gonads is produced only postnatally [18]
within the granulosa cells of the small antral growing fol-
licles and is reduced during terminal follicular growth
[15,19–24]. Furthermore, AMH has been shown to be a
modulator of early follicular growth, acting as a factor to
prevent the premature depletion of the follicle reserve in
ovaries [25–27]. The circulating AMH concentrations have
been positively associated with the total number of ovarian
follicles in mice [27], women [28], and in Bos taurus and Bos
indicus cattle [13]. Furthermore, the measurement of
circulating AMH concentrations can help to predict super-
ovulatory responses and in vivo embryo production
[23,29].

Additionally, the oocyte competence has been related to
several factors, including individual variation [4,11,30,31],
environment [3,32–34], and the stage of the estrous cycle
[35–42]. Regarding the ovarian follicular wave, healthy
follicles with diameters from 3 to 7 mm expressed higher
AMH messenger RNA levels and contained higher AMH
concentrations in the follicular fluid compared with larger
antral and atretic follicles [23]. Finally, the scarce research
focused on the correlation between the AMH concentration
and the oocyte competence in vitro implies that further
studies are required, which aim to improve commercial IVP
outcomes.

The new researches will reinforce the possibility of
using AMH concentration as a reliable endocrine marker to
select donors with high AFPs [43], an increased oocyte
quantity and quality and, consequently, a greater IVP effi-
ciency. Therefore, in response to the lack of information
regarding the effects of AMH concentration on the effi-
ciency of ovum pick-up (OPU)–IVP programs in cattle, the
present study was designed to evaluate the use of the
plasma AMH concentration as an endocrine marker for IVP
from B. taurus (Holstein) and B. indicus (Nelore) donors.
The hypothesis was that donors with greater plasma AMH
concentrations would present increased retrieved
cumulus-oocyte complexes (COCs), enhanced in vitro
competence of the recovered oocytes, and consequently
greater embryo yield per OPU–IVP procedure compared
with donors with lower AMH concentrations, regardless
genotype (B. taurus or B. indicus).

2. Materials and methods

2.1. Experiment 1

2.1.1. Farm and animals
This experiment was conducted at a commercial dairy

farm in Descalvado, São Paulo, in southwestern Brazil. A
total of 59 Holstein (B. taurus) donors were used in this
experiment. Aiming to enroll most female categories typi-
cally available for IVP procedure in a commercial dairy farm
15 prepubertal heifers aged 8 to 10 mo, 15 cyclic heifers
aged 12 to 14 mo, 14 lactating cows, and 15 nonlactating
cows were used.

All females were fed a total mixed ration formulated to
meet or exceed the minimum nutritional requirements for
Holstein heifers, lactating cows, or nonlactating cows [44].
The main ingredients were corn silage and Tifton hay as
forage, as well as corn, soybean, and cottonseed meal-
based concentrate. The present study was approved by
the Bioethics Commission of the School of Veterinary
Medicine and Zootechny of the University of São Paulo.

2.1.2. Ultrasonography examinations
The ovarian cyclicity of each heifer was defined by the

presence of a corpus luteum during 2 consecutive ultra-
sound examinations performed 14 d apart before the OPU
procedure. All females were submitted to an OPU–IVP
procedure without previous synchronization of the follic-
ular wave. Immediately before the OPU, all visible ovarian
follicles were counted and recorded. All ovarian examina-
tions were performed by transrectal ultrasonography using
a portable scanner (Aloka SSDV 500, Aloka, Tokyo, Japan)
with a 5-MHz convex array transducer. During each ultra-
sound evaluation, all visible antral follicles (�2 mm in
diameter; AFP) on both ovaries were recorded.

2.1.3. OPU procedure
For theoocyte collectionprocedure, cattlewere restrained

ina chute andepidural anesthesiawasadministeredusing2%
lidocaine hydrochloride (Lidovet, Bravet, Brazil) to facilitate
the handling of the ovaries through the rectum. The perineal
areawascleanedusingwater, dried, andsprayedwithalcohol
before each session. All follicles�2mmwere aspirated using
a portable scanner with a 5-MHz convex array transducer



B.M. Guerreiro et al. / Domestic Animal Endocrinology 49 (2014) 96–10498
(Mindray DP 2200 vet, China) housed in a plastic vaginal
probewith a stainless steel needle guide (20G; 0.9� 50mm;
Terumo Europe NV, Belgium) connected to aspiration
equipment and a vacuum system (68 mm Hg of negative
pressure; V-MAR 5000, Cook Australia, Queensland,
Australia). Follicular aspirates were recovered via a 1.1-mm
inner diameter by a 120-cm length circuit (Watanabe Tec-
nologia Aplicada, WTA Ltda, Cravinhos, São Paulo, Brazil)
connected directly to a 50-mL conical tube containing 15 mL
of Dulbecco phosphate-buffered saline (DPBS; Nutricell
Nutrientes Celulares, Campinas, São Paulo, Brazil) and 5,000
IU/mL sodium heparin (Parinex, Hipolabor, Belo Horizonte,
Minas Gerais, Brazil) at 35�C to 37�C. The vacuum connected
to the needle was set at 85 to 90 mm Hg. All retrieval pro-
cedures were performed by the same veterinarian.

The conical tube containing the follicular aspirates was
transported to a field laboratory and COCs were recovered
using a 75-mm filter (Watanabe Tecnologia Aplicada) and
DPBS supplemented with 1% Fetal Calf Serum (FCS). The
COCswerewashed once in DPBS supplementedwith 1% FCS
at 37�C and morphologically evaluated under a stereomi-
croscope at 8 to 20� magnification. The COCs were
morphologically classified based on the number of cumulus
cell layers, as follows: grade 1,more than3 layers of compact
cumulus cells; grade 2, at least 1 layer of cumulus cells;
grade 3, denuded; and grade 4, atretic with dark cumulus
cells and signs of cytoplasmic degeneration [45]. After
evaluation, only grade 4 COCs were considered nonsuitable
for culturing and were discarded. The COCs considered
suitable for culturingwere transported to the IVP laboratory
in 1.5-mL cryotubes containing 4 - (2-hydroxyethyl) 1 -
piperazinethanesulfonic acid (HEPES)-buffered tissue cul-
ture medium 199 (TCM-199; Gibco Life Technologies), 10%
FCS, 49.4 mg/mL sodium pyruvate (Sigma-Aldrich Chemical
Co, St. Louis, MO), and 50 mg/mL gentamycin at 37�C to 39�C.

2.1.4. COC processing
Before in vitro maturation (IVM), COCs were washed 3

times in HEPES-buffered TCM-199 supplemented with 10%
FCS and 50 mg/mL gentamycin and once in maturation me-
dium, composed of bicarbonate-buffered TCM-199 (Gibco
Life Technologies) supplementedwith 10% FCS, 50 mg/mL LH
(APL, Ayerst, Rouses Point, NY), 5 mg/mL FSH (Folltropin-V,
Bioniche Animal Health, Canada), 0.1 mg/mL estradiol
(Estradiol 17b, Sigma-Aldrich Chemical Co), 22 mg/mL so-
dium pyruvate, and 50 mg/mL gentamycin. The COCs from
each cowwere cultured separately for 24h in 70-mL drops of
maturation medium under mineral oil (D’Altomare, São
Paulo, Brazil) at 39�C in humidified air with 5% CO2.

2.1.5. IVP procedures
After IVM, the COCs were washed and subjected to

in vitro fertilization (IVF) in 70-mL drops of IVF medium
under mineral oil. The IVF medium was Tyrodes albumin
lactate pyruvate (TALP) supplemented with 10 mg/mL
heparin, 22 mg/mL sodium pyruvate, 50 mg/mL gentamycin,
6 mg/mL fatty-acid-free Bovine Serum albumin (BSA), and
Penicillin, hypotaurine, epinephrine solution (2 mM peni-
cillin, 1 mM hypotaurine, and 0.25 mM epinephrine).

For IVF, semen straws were thawed for 30 s in a 35�C
water bath, and semen was deposited on a 90% to 45%
Percoll gradient prepared with sperm wash medium
(modified Tyrodes medium) and centrifuged at 320 � g for
30 min to separate the motile sperm and to remove the
diluents and seminal plasma. The sperm pellet was then
evaluated for motility and concentration. Each fertilization
droplet received 5 mL of sperm to achieve a final concen-
tration of 1 � 106 live sperm/mL. Sperm and COCs were
incubated at 38.5�C in humidified air with 5% CO2 for 18 to
20 h. The same semen was used within each category.

Approximately 18 h after insemination, presumptive
zygotes were stripped of cumulus cells by mechanical
pipetting in TALP medium. Groups of presumptive zygotes
were cocultured on a monolayer of cumulus cells that had
attached to the surface of the plate during IVM. Tomaintain
the maximum number of cumulus cells, the IVM medium
was gently replaced with 50 mL of CR2aa medium (Wata-
nabe et al, 1999) supplemented with 2% FCS and 30 mg/mL
BSA, and the embryos were cultured at 39�C in humidified
air with 5% CO2 for 48 to 72 h, at which time, 30 mL of fresh
culturemediumwas added (first feeding). The cleavage rate
was recorded after 3 d of embryo culture. The second
feeding was performed on the sixth day of embryo culture,
and the blastocyst rate (the total number of blastocysts
divided by the total number of cultured oocytes) was
recorded on the seventh day of embryo culture.

2.2. Experiment 2

2.2.1. Farm and animals
This experiment was conducted at an experiment sta-

tion (Instituto de Zootecnia de Sertãozinho) located in
Sertãozinho, São Paulo, in southwestern Brazil. A total of 34
Nelore (B. indicus) donors were used in this experiment.
Aiming to enroll most female categories typically available
for IVP procedure in a commercial beef farm, 12 prepu-
bertal heifers aged 10 to 11 mo, 10 prepubertal heifers aged
21 to 23 mo, and 12 cyclic heifers aged 24 to 26 mo were
used. All females were maintained on Brachiaria brizantha
pasture with free access to mineralized-salt and water. The
present study was approved by the Bioethics Commission
of the School of Veterinary Medicine and Zootechny of the
University of São Paulo.

Females were submitted to the same ultrasonography
(Section 2.1.2) and OPU (Section 2.1.3) procedures
described in Section 2.1; however, COC processing and IVP
production procedures were different than Experiment 1
and are described in the following.

2.2.2. COC processing
The COCs were washed in TCM-199 HEPES (Gibco,

Invitrogen Co, Grand Island, NY) with 10% (vol/vol) fetal
bovine serum (FBS; Gibco, Invitrogen Co) and 22 mg/mL
sodium pyruvate. The oocytes of each donor were matured
in 100 mL of TCM 199 (Gibco, Invitrogen Co) supplemented
with 10% (vol/vol) fetal bovine serum (FBS; Gibco, Invi-
trogen Co), 25 mg/mL sodium bicarbonate, 22 mg/mL so-
dium pyruvate, 50 mg/mL amikacin, 0.5 mg/mL FSH (Pluset,
Hertape Calier, Juatuba, Minas Gerais, Brazil) and 100 IU/mL
hCG (Vetecor, Hertape Calier), under mineral oil and incu-
bated under 5% of CO2 in air, at 38.8�C and high humidity,
for 22 to 24 h.
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2.2.3. IVP procedures
The COCs were washed and submitted to IVF in 90 mL

drops of IVF medium under mineral oil. Fertilization
occurred in TALP, as described previously [46], supple-
mented with 10 mg/mL heparin, 22 mg/mL sodium pyruvate,
50 mg/mL amikacin, 6 mg/mL fatty acid-free BSA, and
Penicillin, hypotaurine, epinephrine solution (2 mM peni-
cillin, 1 mM hypotaurine, and 0.25 mM epinephrine).

For IVF, semen straws were thawed for 30 s in a 35�C
water bath, and semen was deposited on top of a 400 mL
40:80% PureSperm gradient (Nidacon). The sperm was
centrifuged for 6 min at 800 � g, supernatant was removed,
and the pellet suspended with 1 mL fertilization medium.
Sperm were centrifuged for 3 min at 200 � g, and superna-
tant was removed. Sperm motility and concentration were
assessed, and 1 � 106 motile sperm/mL was added to each
fertilization drop. Fertilization took place over 18 to 22 h in-
cubation under the same conditions described for matura-
tion. The same semenwas used within each category.

After fertilization, presumptive zygotes were mechani-
cally denuded. Culture took place in modified synthetic
oviductfluid as described previously [47] supplementedwith
50 mg/mL amikacin, amino acids, citrate, myoinositol, 2.5%
(vol/vol) FBS, and6mg/mLBSA (fattyacid free, SigmaA-8806)
at 38.8�C in humidified air with 5% CO2, 7% O2, and 88% N2.

The cleavage rate was recorded 48 h post insemination,
and at this time 50% of fresh culture medium was
exchanged (first feeding). The second feeding was per-
formed on the fifth day of embryo culture, and the blasto-
cyst rate (total number of blastocysts divided by total
number of cultured oocytes) was recorded on the seventh
day of embryo culture.

2.3. Blood collection and AMH determination

In both experiments, blood samples were collected in
vacuum tubes containing EDTA (Health Co, Canton, MA
02021) by coccygeal venipuncture immediately before the
OPU session. The samples were immediately placed on ice
and later centrifuged at 3000 � g for 15 min. Plasma
samples were frozen at �25�C until subsequent analysis.

Plasma AMH concentrations were determined using the
Bovine AMH enzyme-linked immunosorbent assay AL-114
kit (Ansh Labs, USA), previously validated for cattle [48].
For the AMH analysis only 1 assay was performed with
0.011 ng/mL of sensitivity and intra-assay coefficient of
variation < 5%. The AMH assay was performed at the IgAc
(Institute Genese of Scientific Analyses, Sao Paulo, Brazil).

For the purpose of analyzing the relationships between
AMH concentration and the OPU–IVP efficiency, donors
within each experiment were retrospectively classified into
1 of 2 AMHcategories (lowor high) according to the average
plasma AMH in each experiment (the cut-off for low vs high
AMH was 0.3 ng/mL in Holstein cattle in experiment 1 and
1.0 ng/mL for Nelore cattle in experiment 2).

2.4. Statistical analyses

Statistical analyses were performed using the GLIMMIX
procedure of the Statistical Analysis System for Windows
9.3 (SAS 9.3). The variables evaluated were plasmatic AMH
concentration, total number of follicles aspirated, total
number of COCs retrieved, recovery rate (total number of
COCs recovered per total number of follicles aspirated),
number and percentage of cultured COCs (number of COCs
cultured per total structures recovered), cleavage rate
(number of cleaved zygotes per total number of COCs
cultured), blastocyst rate (number of blastocysts produced
per total number of COCs cultured), and number of blas-
tocysts produced per OPU procedure.

Continuous data were tested for normality of the resi-
dues and homogeneity of variances using the Guided Data
Analysis and transformed when necessary. The fixed effect
included in the model was AMH categories (low and high)
and animals within each animal category (experiment 1:
Holstein prepubertal heifers aged 8–10 mo, cyclic heifers
aged 12–14 mo, 14 lactating cows, and 15 nonlactating
cows; experiment 2: Nelore prepubertal heifers aged 10–
11 mo, prepubertal heifers aged 21–23 mo, and cyclic
heifers aged 24–26 mo) were included as a random effect
in the statistical model. It is important to highlight the
relatively small number of animal per category within
genotype. Therefore, aware of the limitation related to the
analyses of the category effect (always maintained as
random effect), results and discussion will only be pre-
sented as AMH concentration (continuous or catego-
rizeddhigh or low) within each genotype. And for these
analyses, the power test were all above 80% estimated by
power procedure of SAS, applying the 2-sample t test for
mean difference with alpha equal to 0.05. For the corre-
lation studies, significance was ascertained by Bravais–
Pearson r critical values, as performed in PROC CORR and
PROC REG of SAS 9.3 to obtain the regression functions.
Means (�standard error of the mean) are used to describe
all the response variables. And for all analysis, differences
with P � 0.05 were considered statistically significant.

3. Results

The average AMH concentrations were 0.3� 0.02 ng/mL
in B. taurus (Holstein) donors (prepubertal heifers aged 8–
10 mo ¼ 0.3 � 0.04 ng/mL, cyclic heifers aged 12–14 mo ¼
0.3 � 0.03 ng/mL, lactating cows ¼ 0.2 � 0.03 ng/mL, and
nonlactating cows¼ 0.3� 0.03 ng/mL) and 1.0 � 0.2 ng/mL
in B. indicus (Nelore) donors (prepubertal heifers aged 10–
11mo¼ 0.7�0.1 ng/mL, prepubertal heifers aged21–23mo
¼ 1.4� 0.3 ng/mL, and cyclic heifers aged 24–26mo¼ 1.4�
0.4 ng/mL).

A positive correlationwas observed between the plasma
AMH concentration and the number of follicles, the total
COCs retrieved, the number of viable COCs, and the IVP
from Holstein and Nelore donors (Figs. 1 and 2). In both
genotypes, plasma AMH concentration was positively
correlated with the number of punctured follicles, the total
COCs retrieved the COC culture rate, and embryo produc-
tion. However, therewas no correlationwith blastocyst rate
(Figs. 1 and 2).

In both genotypes, females were classified into 1 of 2
AMH categories (low or high) according to the average
AMH concentration in each genotype. The average AMH
concentrations in the high and low categories were 0.4 �
0.02 ng/mL versus 0.2 � 0.01 ng/mL (P < 0.0001) among



Fig. 2. Correlation between plasma anti-mullerian hormone (AMH) concentrations and variables related to ovum pick-up (OPU) and in vitro embryo production
(IVP) in Bos indicus 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 the plasma AMH concentration in Nelore (B. indicus) donors. Blood samples for plasma AMH deter-
mination were collected by coccygeal venipuncture immediately before the OPU session. COCs, cumulus-oocyte complexes.

Fig. 1. Correlation between plasma anti-mullerian hormone (AMH) concentrations and variables related to ovum pick-up (OPU) and in vitro embryo production
(IVP) in Bos taurus 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 the plasma AMH concentration in Holstein (B. taurus) donors. Blood samples for plasma AMH
determination were collected by coccygeal venipuncture immediately before the OPU session. COCs, cumulus-oocyte complexes.
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Table 1
Plasma AMH concentrations and cumulus-oocyte complex (COC) and
embryo results (mean � SEM) after OPU-IVP in Bos taurus (Holstein) do-
nors classified into 2 AMH categories.

AMH categorya P-values

Low AMH High AMH

N 32 27
Plasma AMH (ng/mL) 0.2 � 0.01 0.4 � 0.02 <0.0001
Total follicles aspirated 13.6 � 0.9 20.9 � 1.5 <0.0001
Total COCs retrieved 9.0 � 0.9 17.3 � 1.5 <0.0001
Recovery rate (%)b 64.7 � 3.9 81.8 � 3.2 0.01
COCs cultured 5.7 � 0.7 12.3 � 1.3 <0.0001
COC culture rate (%)c 61.2 � 2.8 69.6 � 2.4 0.02
Cleavage rate (%)d 54.5 � 5.6 58.6 � 5.3 0.98
Blastocysts produced per OPU 1.2 � 0.3 3.0 � 0.7 0.04
Blastocyst rate (%)e 19.8 � 4.2 20.6 � 4.0 0.60

Abbreviations: AMH, anti-mullerian hormone; COCs, cumulus-oocyte
complexes; IVP, in vitro embryo production; OPU, ovum pick-up; SEM,
standard error of the mean.

a AMH category: the plasma anti-mullerian hormone (AMH) category
(low or high) was retrospectively established according the average AMH
concentration (the cut-off for low vs high AMH was 0.3 ng/mL) observed
for B. taurus (Holstein) donors, as determined at the time of the OPU
procedure.

b Number of COCs/number of follicles aspirated.
c Number of COCs cultured/number of total COCs retrieved.
d Number of cleaved zygotes/number of oocytes cultured.
e Number of blastocysts/number of oocytes cultured.

B.M. Guerreiro et al. / Domestic Animal Endocrinology 49 (2014) 96–104 101
Holstein donors and 2.3 � 0.5 ng/mL versus 0.5 � 0.05 ng/
mL in Nelore donors (P < 0.0001), respectively.

When donors within each genotype (Holstein or Nelore)
were classified according to their AMH class (high or low),
females classified as having high AMH had a greater
number of recovered COCs and a greater number of viable
COCs (Tables 1 and 2). Moreover, donors in the high AMH
category yielded a greater number of blastocysts produced
Table 2
Plasma AMH concentrations and cumulus-oocyte complex (COC) and
embryo results (mean � SEM) after OPU–IVP in Bos indicus (Nelore) do-
nors classified into 2 AMH categories.

AMH categorya P-values

Low AMH High AMH

N 18 16
Plasma AMH (ng/mL) 0.5 � 0.05 2.0 � 0.3 <0.0001
Total follicles aspirated 18.6 � 2.1 54.3 � 6.1 <0.0001
Total COCs retrieved 13.4 � 1.7 45.3 � 6.4 <0.0001
Recovery rate (%)b 74.6 � 5.3 77.5 � 4.1 0.57
COCs cultured 6.7 � 1.0 23.0 � 2.7 <0.0001
COC culture rate (%)c 46.7 � 3.7 54.7 � 2.9 0.09
Cleavage rate (%)d 76.0 � 8.2 89.8 � 4.0 0.14
Blastocysts produced per OPU 2.2 � 0.5 7.0 � 1.7 0.0067
Blastocyst rate (%)e 27.4 � 5.5 33.7 � 6.5 0.41

Abbreviations: AMH, anti-mullerian hormone; COCs, cumulus-oocyte
complexes; IVP, in vitro embryo production; OPU, ovum pick up; SEM,
standard error of the mean.

a AMH category: the plasma anti-mullerian hormone (AMH) category
(low or high) was retrospectively established according the average AMH
concentration (the cutoff for low vs high AMH was 1.0 ng/mL) observed
for B. indicus (Nelore) donors, as determined at the time of the OPU
procedure.

b Number of COCs/number of follicles aspirated.
c Number of COCs cultured/number of total COCs retrieved.
d Number of cleaved zygotes/number of oocytes cultured.
e Number of blastocysts/number of oocytes cultured.
compared with donors in the low AMH category (Tables 1
and 2). However, the AMH class did not distinguish do-
nors that produced COCs with greater in vitro ability to
reach the blastocyst stage, with each AMH class having a
similar embryo-producing rate (Tables 1 and 2).

4. Discussion

The results of this research indicated that plasma AMH
concentration might be a useful marker for predicting the
IVP performance of B. taurus (Holstein) and B. indicus
(Nelore) donors. A positive correlation was observed
among all the quantitative parameters (eg, total follicles
aspirated, total COCs retrieved, number of COCs cultured,
and number of embryos produced per OPU) analyzed
during the OPU–IVP procedures and the plasma AMH
concentration, except for the variables related to in vitro
development competence (ie, cleavage and blastocyst
rates). Therefore, the authors confirmed the hypothesis
that plasma AMH concentration is closely related to the
amount of in vitro embryo production; however, the hy-
pothesis that AMH concentration could be related to oocyte
competencewas rejected because no effect was observed in
the proportion of embryos produced based on the total
COCs cultured.

Among the potential factors that influence the oocyte
development competence in cattle, the lactating status [49],
and the sexual maturity of the donor [50] should be consid-
ered. Previous report indicates that oocytes from calves are
less competent in developing to the blastocyst stage
compared with oocytes retrieved from cows [51]. Addition-
ally, Zaraza, et al [50] demonstrated that the expression
profile of the 3 genes (GLUT3, GLUT8, andAKT1)was affected
by animal category, and apoptosis was increased in blasto-
cysts derived from prepubertal heifers. Therefore, consid-
ering the present data, it is important to highlight the
relatively small number of animal per category within ge-
notype. It is worth noting that probably the maximum po-
tential effect of AMHwas not shown because of the possible
variability between thedifferent animal categories.However,
these specific impacts certainly require further studies.

The physiological function of AMH has been mentioned
as an important foliculogenesis modulator. Previous
studies have shown that AMH regulates both primordial
follicle recruitment and FSH responsiveness of growing
follicles [18,26,27,52]. Additionally, higher AMH concen-
trations were associated with an increased number of
ovarian antral follicles regardless of genotype [13], similarly
to the results presented herein. Previous report [53] have
suggested that the population of antral follicles is sustained
by a dynamic balance between mechanisms (eg, bone
morphogenetic protein, inhibin/activin, and IGF systems)
related to the primordial follicle recruitment and antral
follicle atresia rates. Therefore, factors related to this dy-
namic balance are likely accounted for the physiological
differences between genotypes [54]. Thus, it remains un-
clear the reasoning of retrieving more oocytes from B.
indicus than B. taurus donors.

In this study, donors classified as having high AMH
concentrations had more AFP, more recovered COC, more
cultured COC, and more embryos produced, regardless
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genotype. Similar results were observed when the
measurement of AMH concentration before hormonal
treatment was positively correlated to superovulatory
responses and in vivo embryo production [55]. In humans,
greater plasma AMH concentration is associated with
increased FSH-stimulation responses and enhanced
in vitro embryo production [56–59]. Therefore, although
counting AFPs can be a predictor of embryo production
following IVP, measuring the circulating AMH concentra-
tion may be a simple, rapid, and standardized method that
could be applied worldwide in the cattle embryo industry.

In contrast, the results demonstrated no correlation be-
tween AMH concentration and oocyte competence (eg,
blastocyst rates). This finding is similar to those in previous
reports, inwhichnoeffectofAMHconcentrationwas found in
the proportion of viable oocytes, the cleavage rate or the
blastocyst rate among donors [7,60]. In contrast, previous
studies in humans have found an association between AMH
concentration and fertilization rate, blastocyst development,
embryo quality, and pregnancy outcome [56–59]. Neverthe-
less, other studies in humans found no association between
the basal serumAMHconcentration and embryo quality [61–
63]. Therefore, using AMH as a predictor for oocyte quality is
still controversial and requires more research.

Finally, although ultrasound examination for counting
AFPs has been reported as being a predictor for assessing
the embryo yield following IVP or the in vivo embryo
production in B. taurus [23,48,60,64–67] and B. indicus
[6,64] cattle, it is important to highlight that variations in
AFPs within individuals could occur depending on the
phase of the estrous cycle in which the counting is being
performed. This potential variation justifies performing
AFP counts at the early follicular emergence phase instead
of during the dominance phase, where the large dominant
follicle could impair the visualization of the small follicles.
Therefore, because all donors in this study underwent OPU
without prior synchronization of the follicular wave
emergence and because the AMH concentration remained
positively correlated to embryo yield regardless of the stage
of the estrous cycle, the evaluation of AMH concentration
could be a more accurate method.

In conclusion, the data presented in this manuscript re-
ports the relationship betweenplasmaAMH concentrations
and IVP in cattle. In both B. taurus (Holstein) and B. indicus
(Nelore) cattle, the AMH concentration was positively
correlated with the donor’s embryo yield in an OPU–IVP
program. The results presented here suggest that the AMH
concentration could be used as an endocrine marker and a
possible predictor of in vitro embryo production in cattle.
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