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Increased antral follicle population and in vitro embryo
production in pregnant Holstein

Aumento da populacao folicular antral e producao
in vitro de embrioes em fémeas gestantes da raca
Holandesa
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Highlights

Antral follicle count (AFC) is an important reproductive characteristic in cattle.
Pregnancy positively influences AFC in Holstein cattle.
In vitro embryo production improved when oocytes were collected from pregnant donors.

Abstract

This study used Holstein cattle to evaluate the following: I) the productive and reproductive characteristics
of cows with low, intermediate and high antral follicle counts (AFCs) that were subjected to artificial
insemination (Al) and comparison of AFC variability at the time of Al (nonpregnant) and at two time points
during pregnancy (30 and 60 days), and Il) whether the pregnancy status and different pregnancy periods
in heifers improves the efficiency at in vitro embryo production (IVEP). In study I, 75 high-milk production
cows with body condition scores (BCSs) of 2.75 to 4.75 and ages of 23 to 99 months were selected. On
the day of estrus, AFCs (follicles = 3 mm), BCS, body weight, and diameters of the dominant follicle, ovaries
and the corpus luteum were evaluated. Posteriorly, AFC was monitored in pregnant cows at 30 days (n =
35) and at 60 days for comparison of AFC before pregnancy versus different periods. In study Il, heifers
(n = 9) with BCS of 2.5 to 3.5 and ages of 10 to 16 months were selected for ovum pick-up and an IVEP
program before Al (honpregnant) as well as at 0 to 30, 31 to 60, and > 60 days of pregnancy. Statistical
analysis was performed using PROC GLM and binary logistic regression model (P < 0.05). In study I, AFC
was not associated with variations in productive and reproductive parameters. However, AFCs in the low
group increased following pregnancy (Al: 14.82 + 1.36, 30 days: 23.45 + 2.31 and 60 days: 35.18 + 3.17
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follicles). AFCs increased from Al to 60 days in the intermediate group but did not vary among time points
in the high group. AFCs varied among AFC groups in Al and at 30 days of pregnancy but not at 60 days. In
study Il, the mean of total oocytes (17.43 + 4.52 vs. 41.67 + 3.79) and viable oocytes (13.77 + 3.63 vs. 30.56
+ 3.45) increased from Al (nonpregnant) to the first 30 days of pregnancy. The mean number of embryos
produced increased during pregnancy and during the first 30 days of pregnancy (4.55 + 0.75) compared to
the nonpregnant period (1.39 £ 0.85). In conclusion, pregnancy positively influences AFC, and the greatest
effect is noted in low count cows. In addition, the OPU at the time of pregnancy increased the efficiency of
IVEP in heifers.

Key words: Antral follicle count. Dairy cattle. In vitro embryo production. Pregnancy.

Resumo

Este estudo utilizou fémeas da raca Holandesa para avaliar: i) variagdo da contagem de foliculos antrais
na gestacao; ii) resultado da producao in vitro de embrides em doadoras antes e depois da gestacao. No
estudo |, 75 vacas de alta producédo de leite com escores de condi¢cao corporal (ECC) de 2,75 a 4,75 e
idades de 23 a 99 meses foram selecionadas. No dia do estro a CFA foi avaliada (foliculos = 3 mm) além do
escore corporal, peso corporal e didmetros do foliculo dominante, ovarios e corpo luteo. Posteriormente,
a CFA foi monitorada nas vacas gestantes (n = 35) aos 30 e 60 dias. No estudo Il, novilhas (n = 9) com ECC
de 2,5 a 3,5 e idades de 10 a 16 meses foram selecionadas para obtencao de odécitos antes e depois da
gestacao, no primeiro, segundo e acima dos dois meses de gestacao. A andlise estatistica foi realizada
usando PROC GLM e modelo de regresséo logistica binaria (P < 0,05). No estudo |, a CFA néo foi associada
a variacdes nos parametros produtivos e reprodutivos. No entanto, as vacas de baixa CFA apresentaram
aumento no ndmero de foliculos apds inicio da gestacéo (IA: 14,82 + 1,36, 30 dias: 23,45 + 2,31 e 60 dias:
35,18 + 3,17 foliculos). A CFA aumentou da IA para 60 dias no grupo de CFA intermediaria, mas nao variou
ao longo do tempo no grupo de alta CFA. A CFA variou entre os grupos comparando-se o0 momento da
IA e 30 dias de gestacao. No estudo ll, entre a IA e o primeiro més de gestacao, houve aumento do total
de oécitos (17,43 + 4,52 vs. 41,67 £ 3,79), bem como de odcitos viaveis (13,77 + 3,63 vs. 30,56 + 3,45). O
numero médio de embrides produzidos aumentou durante a gestacao, considerando-se o primeiro més da
prenhez (4,55 + 0,75) em relagcdo ao periodo nao gestante (1,39 + 0,85). Em conclusao, a gestacao influencia
positivamente a CFA, e o maior efeito foi observado em vacas de baixa CFA. Além disso, a obtencdo de
oé6citos em doadoras gestantes aumentou a eficiéncia do IVEP em novilhas.

Palavras-chave: Contagem de foliculos antrais. Gado leiteiro. Prenhez. Producao de embrides in vitro.

Introduction

The incorporation of technology and
innovation is important for making dairy and
beef production systems more efficient,
sustainable, and competitive. In this context,
reproductive biotechnologies useful, and
the antral follicle count (AFC) is associated a
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variety of fertility-related traitsin monovulatory
species, such as humans (Zhang et al., 2019),
equines (Claes et al.,, 2017; Gongalves et al,,
2020) and bovines (J. L. H. Ireland et al., 2008;
Moraes, Morotti, Costa, Lunardelli, & Seneda,
2019).

Studies conducted in Europe and the
USA suggest a positive association related
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to females (Bos taurus taurus) with high AFCs
(= 25 follicles) compared to females with
low AFCs (< 15 follicles; Jimenez-Krassel
et al,, 2009; J. J. Ireland et al., 2011). Among
the effects, an increased pregnancy rate at
artificial insemination - Al (Cushman et al.,
2009; Mossa et al., 2012) and increased anti-
Mdullerian hormone concentrations (AMH;
Jimenez-Krassel et al., 2015) were found in
Holstein cows with high AFCs. Moreover,
high AFCs yield a higher number of embryos
produced in vitro (J. Ireland et al., 2007) and in
vivo by superovulation - SOV (J. L. H. Ireland
et al., 2008).

Ina study of dairy cattlein New Zealand,
a higher conception rate was observed in
cows with a high AFC (= 30 follicles) during
the reproductive period (Martinez, Sanderson,
Quirke, Lawrence, & Juengel, 2016).
Additionally, in Holstein cows in Japan, higher
numbers of oocytes and increased fertility
of the aspirated oocytes were observed in a
group of cows with high AFCs (= 25 follicles)
compared to levels observed in a group with
low AFCs (< 25 follicles) after anin vitro embryo
production (IVEP) program (Nagai, Yanagawa,
Katagiri, & Nagano, 2016). Similarly, cows with
low AFCs (< 15 follicles) were also associated
with several low fertility characteristics, such
as small ovaries (J. J. Ireland et al., 2011), low
endometrial thickness and reduced circulating
progesterone concentration (Evans et al,
2012; Jimenez-Krassel et al., 2009).

However, controversial data have
recently been reported on zebu animals (Bos
taurus indicus) in Brazil regarding AFC and
the reproductive performance of animals
subjected to timed artificial insemination (TAI).
There arereports of no difference in pregnancy
rates between groups with high and low AFCs
(Santos et al., 2016), and there are even results
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with favorable conception rate for the group
with a low AFC (< 15 follicles; Morotti et al.,
2018). Moraes et al. (2019) also observed an
8 - 10% increased pregnancy rates for cows
with low AFCs (< 10 follicles) compared with
those with intermediate or high AFCs (> 30
follicles) in Bos indicus undergoing TAI.

Other researchers found no difference
in the blastocyst yield between donors with
low and high AFCs (Bos indicus) submitted to
ovum pick-up (OPU)for 12 consecutive months
(Monteiro et al., 2017). No difference was
observed in ovaries from the slaughterhouse
(Rosa et al., 2018). Recently, in contrast to
previously presented European and North
American studies, shorter productive life
and fertility have been reported for taurine
(Holstein) females with high AFCs (= 25
follicles) compared with those animals with
intermediate (16 to 24 follicles) and low (< 15
follicles) AFCs (Jimenez-Krassel et al., 2017).

The relationship between AFC and the
conception rate of high milk-producing taurine
dairy cows submitted to Alunder management
conditions in Brazil has not been investigated
to date. Moreover, it is already well established
that AFC is variable among animals but highly
repeatable in the same female (Burns et al.,
2005); however, it is still unknown whether this
repeatability is maintained during follicular
waves in the early stages of pregnancy.

Additionally, few studies have
investigated whether pregnancy interferes
with the efficiency of ovum pick-up (OPU) as
well as the quantity and quality of recovered
oocytes. Takuma et al. (2010) observed
that although the morphological quality of
the aspirated oocytes was similar between
pregnant and nonpregnant females, the
developmental competence of the oocytes
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obtained from pregnant cows was greater
than the recovered from nonpregnant cows.
In mares, a higher quantity of oocytes was
also recovered from pregnant compared to
cyclical or transitional mares, especially on
the 25th day of pregnancy (Purcell, Seidel,
McCue, & Squires, 2007). On the other hand,
the relationship between pregnancy status
and IVEP efficiency has not been investigated
in dairy heifers.

In this study, we hypothesized that AFC
may vary with the establishment of pregnancy,
which may increase the efficiency of IVEP in
dairy cattle. Therefore, the following points
were evaluated in Holstein: I) the relationship
of AFC with productive and reproductive
parameters in cows with high milk production
submitted to Al, the AFC variability in cows at
the time of Al (honpregnant) and at two periods
of pregnancy (30 and 60 days), and Il) whether
the pregnancy status and different pregnancy
periods affect the efficiency of OPU and an
IVEP program in heifers.

Material and Methods

This study was conducted according
to the Ethics Committee on Animal
Experimentation of the State University of
Londrina based on Federal Law 11,794 of
October 8, 2008 and approved under number
7218.2017.08.

Location
Study | was conducted during the
winter and spring period (July to November

2017), and study Il was conducted during the
winter and summer period (July to December
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2019). Both experiments were conducted in
Southern Brazil. Study | was performed on
a commercial dairy farm located 24° 46' 28"
S and 49° 56' 42" W with an elevation of 998
meters. This region has a temperate climate
with an average annual temperature of 16.9°C
and an average annual rainfall of 1553 mm;
it is classified as Cfb (Koppen). Study Il was
conductedonadairyfarmlocated 23°37'08.7"
S52°05'04.2" W, which has an average annual
temperature of 17.5°C and rainfall of 1650 mm.
In both studies (I and ll), Holstein cattle (Bos
taurus taurus) were kept in a free stall system
and received a balanced feed (composed of
corn silage, oat predried, commercial feed,
ground corn, cottonseed and mineral core)
three times a day according to the required
nutritional requirements for each category
(National Research Council [NRC], 2001) and
water ad libitum.

Study | - Relationship between AFC and
productive and reproductive parameters in
high milk-producing holstein cows subjected
to Al

Atotalof 75lactatingHolsteincows(Bos
taurus taurus) that were high milk producers
(25 to 50 liters/animal), greater than 30 days
postpartum, aged from 23 to 99 months and
had a body condition score (BCS) between
2.75 10 4.75 (scale 1- 5; 1 = extremely thin and
5 = obese; Ferguson, Galligan, & Thomsen,
1994) were selected. All animals were
confinedin a free stall system and received the
same nutritional management as described
above. Ultrasonographic assessments were
performed using transvaginal ultrasound
(Aquila  Pro Pie Medical, Maastricht,
Netherlands) equipped with a 7.5-MHz micro
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convex transducer. The number of antral
follicles (AFC); the diameters of the dominant
follicle, the ovaries and corpus luteum (CL); the
BCS; and the body weight (BW) were assessed
during the day of estrus (cows accepting
mounts). To determine the AFC, the ovaries
(right and left) of each cow were scanned from
side to side starting from the ovarian pedicle,
and the antral follicle population (all follicles =
3 mm) was counted as previously described
(Burns et al., 2005; Morotti et al., 2018). On the
same day, images of the dominant follicle and
ovaries were identified and captured, and then
diameters were measured using ultrasound
images. Ovulation, which was determined
by the absence of the dominant follicle and
confirmed by the presence of the CL in the
same ovary 7 days later, was monitored every
12 h. The CL diameter in the same ovary
was assessed, and the largest diameter was
measured. The values of each structure were
obtainedfromtheaverage oftwoperpendicular
measurements of each structure. The
pregnancy diagnosis was performed 30 days
after Al by ultrasound, and pregnant cows (n =
35) were reassessed at 60 days of gestation.
Therefore, the number of antral follicles (AFC;
> 3 mm in diameter) was evaluated in pregnant
cows at each of the following time points: at
the time of Al (day O; nonpregnant) and two
time points of pregnancy (30 and 60 days).
Each female was re-evaluated by the same
technician and without prior knowledge of the
AFC in the previous exam (blind assessment).
Based onthe AFCs at the time of Al, cows were
classified as having alow (< 18follicles;n=11),
intermediate (= 24 and < 28 follicles;n = 11), or
high (= 30 follicles; n = 13) count, and the AFCs
was compared before pregnancy with that at
30 and 60 days of pregnancy.
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Study Il - Relationship of pregnancy status and
different pregnancy periods in the efficiency
of IVEP in holstein heifers

To assess whether the variation of
AFC before pregnancy (nonpregnant) and at
different times of pregnancy affects the IVEP
efficiency, Holstein heifers (Bos taurus taurus;
n =9) from 10 to 16 months and BCS between
2.5 to 3.5 were selected. Al and pregnancy
diagnosis were performed as described in
Study I. Briefly, the same Veterinary performed
Al of females after the detection of natural
or induced estrus with 25 mg of Dinoprost
(Lutalyse®, Zoetis, Brazil) intramuscularly (IM).
Al was performed with commercial semen
obtained from the same bull. The diagnosis of
gestation was performed at 30 and 60 days
after Al. The OPU procedures were performed
at different time points: before Al (15 to
30 days prior Al, nonpregnant) and during
pregnancy (0 to 30 days, 31 to 60 days, and >
60 days). Immediately after the OPU session,
oocytes were evaluated visually using a
stereomicroscopic loupe (Nikon SMZ8O0O0N,
Japan) and classified according to the
morphological aspect of the cumulus-oocyte
complexes (COCs) following the classification
performedby(Lonergan, Rizos, Ward, & Boland,
2001). After oocyte classification, groups of a
maximum of 10 oocytes were placed in drops
of maturation medium containing TCM-199
medium (M-3769, Sigma Co., St. Louis, USA).
The incubation was performed in an incubator
(Panasonic - MCO-19AIC-UV, Japan) with 5%
CO, at 39°C with air and saturated humidity for
24 hours of in vitro maturation (IVM).

For in vitro fertilization (IVF), the semen
from a single bull was thawed in a water bath
at 35°C for 30 seconds. Sperm selection was
performedusingthePercollgradienttechnique
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(Parrish, Krogenaes, & Susko-Parrish, 1995).
After centrifugation of the semen, its motility
was assessed visually. Spermatic capacitation
and motility were stimulated with the same
fecundation medium, and the concentration of
thespermwasadjustedto 1x 108 spermatozoa/
mL. The oocytes were coincubated with sperm
in drops of TALP-FERT fertilization medium
(20 mg/mL heparin and PHE; 2 mM penicillin;
1 mM hypotaurine and 250 mM epinephrine).
Subsequently, the plates were placed in an
incubator with 5% CO, at a temperature of
39°C with air and saturated humidity for 20
hours. The fertilization day was considered the
zero day (DO) of the process.

The blastocyst rate was calculated
based on the total viable oocytes aspirated.
The embryos were evaluated until Day 7 (Day O
= day of IVF) according to IETS criteria (Wright,
1998). Blastocyst rate was assessed on Day
7 of culture. Embryos graded as |, Il or lll were
classified as viable.

Statistical analysis

In study |, the experimental groups
were defined as low (Q1 < 18 follicles; n = 25
cows), intermediate (cows with AFC = 24 and
< 28 follicles; n = 25 cows) and high count
(Q3 = 30 follicles; n = 25 cows). The effect of
the number of antral follicles on the studied
variables was analyzed using the generalized
linear mixed model (GLIMMIX). The main
effect of AFC was considered a fixed effect,
and all other sources of variation (age, BW,
BCS, calving order, days in milk and natural or
induced estrus) were included as covariates
of the model. Similarly, to evaluate the effect
of pregnancy status and 30 and 60 days of
gestation on the number of antral follicles, the
AFC datawere analyzed by repeated measures
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using the generalized linear model (GLM). The
time effect was included as the main effect,
and the other sources of variation are included
as covariates. Differences in the conception
rate of the groups (low, intermediate, and high)
were analyzed by binary logistic regression.
In study II, the variables of OPU and embryo
production were also analyzed by GLIMMIX.
The pregnancy status was included as a fixed
effect, and the different moments of OPU and
donors were included as a random effect. In
both studies, the presence of a significant
effect and the means were compared using
the Tukey test. For descriptive analysis,
quantitative data are presented as the mean
(M) and standard error (SE), and qualitative
data are presented as percentages (%). All
statistical analyses were performed using
Minitab® 18.1.1 statistical software, and P <
0.10 was adopted for significance.

Results and Discussion

The conception rate at 30 and 60 days
after conventional Al was not influenced by
the AFC classification (P > 0.1; Figure 1) in
Holstein cows. In general, no differences in
the productive and reproductive parameters
evaluated in this study were found between
cows with low and high AFC (P > 0.1; Table
1). However, a difference in dominant follicle
diameter at Al (mm) was noted between for
animals with intermediate (18.0 £ 0.7) and high
(15.8 £ 0.5; P = 0.04) AFCs. Additionally, the
weight of the animals with high AFCs (642.4 +
12.6) was increased compared with females
with low AFCs (583.5 £ 17.7; P = 0.02, Table 1),
and high AFCs exhibited increased BCS (3.6
t+ 0.1; P = 0.07) compared with intermediate
count females (3.3 £ 0.1). The global average
of AFC (all cows) changed during the early
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stages of pregnancy (27.97 + 2.38; 30.80
+ 2.17 and 43.60 t 3.06 at Al and 30 and 60
days of pregnancy, respectively; P < 0.001).

60 -+

44 44

40 A

Pregnancy rate (%)

10 A

Low Intermediate

A 1.5-fold increase in follicle count was
observed between the day of Al and 60 days
of pregnancy (Figure 2).

= 30 days/P=0.397
m 60 days/P=0.317

48
44

High

Figure 1. Conception rate of Holstein cows submitted to artificial insemination (Al) at 30 and 60
days of pregnancy based on low, intermediate, and high antral follicle count (AFC) groups.

The number of antral follicles in
females with low AFCs increased as the
pregnancy progressed (P < 0.001). At 60 days
of pregnancy, AFC values were similar to
that observed in the high-AFC group (Figure
3). A positive effect (P = 0.001) on follicle
number from day O to 60 days of gestation
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was also observed in the intermediate AFC
group. However, no difference in AFCs was
noted in the high-AFC group at different time
points (P > 0.1). Furthermore, at Al and 30
days of pregnancy, AFCs among the low-,
intermediate-, and high-AFC groups differed
(P <0.001; Figure 3).
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Table 1

Productive and reproductive parameters of Holstein cows with low (< 18 follicles), intermediate (= 24
and = 28 follicles), and high antral follicle count (AFC; = 30 follicles)

Variables IRT%T'\(; dilastg)- F:;\SA;TQE)C P-value
Animals (n) 25 25 25 -
AFC (n) 15.0+0.6° 243+04° 428+ 1.82 <0.0001
Age (months) 579120 56.1+2.0 61.4+£3.5 0.34
BW (kg) 583.5+17.7° 622.3+14.1%® 642.4+12.6° 0.02
BCS (1to 5) 35+0.1% 3.3+0.1° 36+0.12 0.07
Calving order (n) 1.8 £ 0.1 1.8 £ 0.1 20+0.2 0.48
Days in milk (days) 295.2 £ 69.5 229.0 + 58.3 377.0+64.4 0.26
CL diameter at PD 30 days (mm) 23.7+0.7 23.0£ 0.1 21.7+£0.1 0.33
Dominant follicle diameter at Al (mm) 17.2+0.7 *® 18.0+0.7 2 158+ 0.5° 0.04
Ovary diameter (mm) 28.3+0.9 29.6 £ 0.6 30.8+0.7 0.28

Values followed by superscripted lowercase letters (a-c) within the same line indicate significant difference among
groups (low, intermediate and high antral follicle count (AFC). BW - body weight, BCS - body condition score, CL - corpus
luteum, PD - pregnancy diagnosis, Al - artificial insemination.

451
404 -

351

4R T

Antral follicle count (n)

0 30 60
Day of gestation

Figure 2. Number of antral follicles in Holstein cows (n = 35) at the moment of artificial insemination
(day 0; nonpregnant) and 30 and 60 days of pregnancy. Lowercase letters (a-b) indicate a difference
(P = 0.0001) of antral follicle count (AFC) among the moments of evaluation.
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Holstein heifers presented an increase
of the mean number of viable oocytes (30.56
+ 3.45 vs.13.77 + 3.63; P = 0.02) and total
oocytes (41.67 £ 3.79 vs. 17.43 + 452; P =
0.001) when OPU was performed from O to
30 days of pregnancy compared to before Al
(nonpregnant), respectively (Table 2). However,
the rate of viable oocytes was similar (P =
0.54) among times. Regarding in vitro embryo
production data, pregnancy status was also
positively affected. An increased total number

55.0 4

of embryos was produced during the first 30
days of pregnancy (4.55 + 0.75) than before
Al (1.39 £ 0.85; P = 0.07, Table 2). In addition,
blastocyst rates were increased in heifers
when pregnant (31 to 60 days of pregnancy,
18.90 + 4.91) compared to nonpregnant
heifers (7.59 + 3.25; P = 0.05). However, after
the establishment of pregnancy, both the
number of embryos and the blastocyst rate
remained constant throughout the evaluated
periods (Table 2).

509 a A
-l
- * A
a s
<A s 434
450 1 419 ~e - ']
_ aA -
% I"-~~___ 382300
- e -
: I f 159 aA
: 2
S 350 4
T
=
k3 %
- ! bB e
. 246 e
2 250 4
E
E
7
148
| Low
------ Intermediate
— = High
5.0
Day 0 Day 30 Dey e

Figure 3. Number of antral follicles in Holstein cows with low (< 18 follicles; n = 11), intermediate (=
24 and < 28 follicles; n = 11) and high antral follicle count (AFC; > 30 follicles; n = 13) at the moment
of artificial insemination (day O; nonpregnant) and at 30 and 60 days of pregnancy. Different lower-
case letters (a-c) on the same time (day O, 30, or 60) indicate a significant difference (P < 0.05)
between the number of antral follicles of the AFC groups. Different capital letters (A, B) for the
same antral follicle count (AFC) group indicate a significant difference between the number of

antral follicles at different times of evaluation.
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Table 2

Performance of in vitro embryo production in Holstein heifers before pregnancy (nonpregnant) and at

different times from first gestational third

Variables No pregnancy

(m + se)

0 to 30 days
(m + se)

Status/Time pregnancy

31 to 60 days
(m + se)

> 60 days

e P-value

Pregnancy time (days) - 17.67+293¢c 51.80+3.27b 80.56£5.93a <0.0001
Viable oocytes (n) 13.77+3.63b 3056+345a 21.50+221ab 25.22+3.63b 0.02
Total oocytes (n) 17.43+452¢c 41.67+3.79a 26.60+2.16bc 34.22+4.82ab  0.001
Viable oocytes (%) 79.96 + 4.77 72.24 + 4.62 79.83 £ 3.08 75.14 £ 4.21 0.54
Total embryos (n) 1.39+0.85b 455+0.75a 415+ 1.36ab  3.87+£0.93ab 0.07
Embryos rate (%) 7.59+325b 13.46+233ab 1890+491a 18.67+4.17ab 0.05

Values followed by superscripted lowercase letters (a-c) within the same line indicate significant difference among the
time points: no pregnancy, 0 to 30 days, 31 to 60 days, and > 60 days of pregnancy.

This study confirmed our initial
hypothesis in dairy cattle that AFC is subject to
avariation from the moment before pregnancy
until the establishment of pregnancy in its
initial third. In addition, these same conditions
(pregnancy status and periods) can determine
the impacts on the efficiency of IVEP. In Study
I, we demonstrate that the AFC increased
in early gestation of Holstein cows with a
1.5-fold increase between the day of Al and
day 60 of pregnancy. Interestingly, animals
categorized with low AFCs exhibited the
greatest increase in the number of antral
follicles as pregnancy progressed. Moreover,
at 60 days of pregnancy, the number of antral
follicles was similar between females with low
and high AFCs. Thus, our results suggest that
the initial period of pregnancy is possibly the
best time to optimize and perform follicular
aspirationin Holstein cows, and improvements
in this process are more evident in low- to
intermediate-AFC donors due to the increase
in the number of antral follicles with the
establishment of pregnancy. In this context,
the results obtained in Study Il with Holstein
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heifers support study | by demonstrating
that OPU performed after the establishment
of pregnancy (regardless of the period of
pregnancy) resulted in improvements in
oocyte and embryonic quantity and quality,
increasing the efficiency of the IVEP program
compared to the nonpregnant moment in
these same females.

Comparing different categories of
Holstein females (prepubertal, pubertal
and pregnant heifers), Takuma et al. (2010)
observed that pregnant heifers (at 30 to 90
days of pregnancy) exhibited an increased
proportion of medium (6-10 mm) and large
(>10 mm) follicles. In the present study, AFC
was not quantified by the size of the follicles;
however, our findings are consistent. In
addition, it should be noted that since the
1990s, performing OPU in females in the first
trimester of pregnancy has been described as
a safe method for oocyte recovery (Meintjes,
Bellow, Broussard, Paul, & Godke, 1995).

The reasons for the increase in the
number of antral follicles during pregnancy
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is still not understood but may be related
to endocrine and metabolism changes
involved with pregnancy. Early pregnancy is
considered an anabolic state in the mother's
body with increasing rates of fat deposition
and increases in insulin sensitivity (Zeng, Liu,
& Li, 2017). Changes to an anabolic state may
promote changes in liver blood flow, local
and circulating metabolic factors (glucose
and insulin-like growth factor type 1, IGF-
1), and hormone concentrations (insulin and
steroids; Sartori et al., 2013). In addition,
high P4 levels promote reduced smooth
muscle tone and decreased gastrointestinal
transit rate, which may result in advantages
for nutrient absorption due to long contact
with absorption sites and consequently may
result in an increase in the plasma glucose
concentration (Coad & Dunstall, 2011).

Although we have not tested this
hypothesis, it may be suggested that the
increase in AFC in relation to pregnancy
may be related to changes in endocrine and
metabolic rates. Changes in ovarian follicular
growth pattern and luteal function may
be related to variations in lipoprotein and
cholesterol synthesis; increased circulating
concentrations of ovarian steroids; differences
in growth hormone secretion, insulin, and
synthesis; and accumulation of IGF-1in ovarian
cells (Spicer, Alpizar, & Echternkamp, 1993;
Williams & Stanko, 2000; Webb, Garnsworthy,
Gong, & Armstrong, 2004).

Moreover, considering the lack of
studies on the influence of the AFC on Bos
t. taurus subjected to Al under management
conditions in Brazil, the present study revealed
no difference in conception rate at 30 and
60 days of pregnancy between females with
high and low AFCs. This finding corroborates
data from studies with Bos t. indicus (Nelore)
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that were performed in Brazil (Morotti et
al., 2018) and Bos t. taurus (Holstein) that
were performed in USA (Jimenez-Krassel et
al., 2017), which did not confirm increased
conception rate performance for animals with
a high AFC.

Regarding reproductive characteristics,
no differences in the diameter of CL and
ovaries (at the time of estrus) were noted
among the AFC groups. Data were contrary to
those found by other authors who observed
differences among the AFC groups when
performing ovariectomy and ultrasound
evaluations at various times in the estrous
cycle (J. L. H. Ireland et al., 2008) or when using
a computerized system (Martinez et al., 2016).
Thus, the discrepancy between the results
is potentially related to the differences in the
method used to evaluate such parameters.

Our results show that the diameter of
the dominant follicle was reduced in animals
with high vs. intermediate AFCs. Other
researchers found a similar result in Bos t.
indicus and beef taurines (Morotti et al., 2018;
Pfeifer, Souza Leal, Schneider, Schmitt, &
Corréa, 2012). We also saw that the weight of
the high AFC animals was increased compared
with that observed in the low AFC group, and
this same observation occurred for BCS in
cows with high vs. intermediate AFCs.

The number of antral follicles is
associated with higher levels of embryo
production in vitro (J. Ireland et al., 2007;
Santos et al., 2016) and in vivo (Center, Dixon,
Looney, & Rorie, 2018; Silva-Santos et al,,
2014). Since an increase in the number of
antral follicles is associated with the early
stage of pregnancy, it would be quantitatively
advantageous to aspirate pregnant cows
than nonpregnant cows. The mean number
of viable and total oocytes increased at O -
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30 days of pregnancy compared to before Al
(nonpregnant). Similar data were obtained by
a study with mares, in which more oocytes
were recovered at a greater percent recovery
per follicle in pregnant mares compared with
cycling or transitional mares, mainly at day 25
of pregnancy (Purcell et al., 2007).

Furthermore, the mean total embryos
number and rates were increased after
pregnancy (during the first 30 days and 31
- 60 days, respectively) compared to the
nonpregnant phase. These data corroborate
a study that compared Japanese black cows
pregnant (60 - 90 days of pregnancy) and
nonpregnant submitted to OPU/IVEP, which
reported increased embryonic production
and better quality of embryos obtained from
pregnant females (Takuma et al., 2010).
Additionally, the developmental competence
of oocytes obtained from pregnant cows was
increased compared with that obtained from
nonpregnant cows.

Finally, we highlight the potential of
the findings of this study that reinforce the
use of AFC as a tool for female classification
and the use of OPU in strategic moments of
the donor's pregnancy status. The results
reported here demonstrate that the pregnancy
status positively influences both the number
of antral follicles as well as the quality and
quantity of oocytes and embryos, improving
the efficiency of IVEP programs in dairy cattle.

Conclusions

In conclusion, AFC in Holstein cows is
positively influenced by pregnancy, and this
effect mainly occurs in females with low AFCs.
Our results suggest that the strategy of using
cows in this category as oocyte donors when

2862

early in pregnancy is the most efficient. The
present studyalso showedthatfor Bos't. taurus
females subjected to Al under management
conditions in Brazil, the conception rate at 30
and 60 days of pregnancy was similar between
the high and low AFC groups. Furthermore, the
pregnancy status improved oocyte recovery
and embryonic production in Holstein heifers,
indicating that the initial phase of pregnancy
is the best period to perform the OPU and
improve the performance of IVEP programs in
dairy cattle.
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