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RESUMO

SILVA, A. G. Comparacdo de doses de benzoato de estradiol no inicio da
sincronizacao e ressincronizacao superprecoce da ovulacdo para inseminacao
em tempo fixo em vacas de corte Bos indicus. 2021. 74 p. Dissertacao (Mestrado
em Ciéncias) — Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Séo
Paulo, Pirassununga, 2021.

Com base no amplo uso de benzoato de estradiol (BE) em protocolos de IA em
tempo fixo (IATF), objetivou-se com a presente pesquisa comparar os efeitos de
diferentes doses de BE na sincronizagdo da ovulagdo e ressincronizacdo aos 14
dias apds IATF em vacas Nelore (Bos indicus) lactantes. Para isso, esta dissertacéo
consiste em dois estudos. No primeiro estudo, comparamos trés doses de BE (1 mg,
n=20; 1,5mg, n =15; e 2 mg, n = 21) associadas a um dispositivo de progesterona
(P4) no inicio de um protocolo de sincronizacdo para IATF em vacas de corte
primiparas (n = 20) e multiparas (n = 36). O momento e sincronia da emergéncia da
onda folicular ndo diferiu (P>0,05) entre as doses de BE. A emergéncia folicular
ocorreu mais tarde (P<0,05) em vacas primiparas comparadas as multiparas. Além
disso, o diametro folicular das primiparas foi menor (P<0,05) que nas vacas
multiparas no D-2 e na IATF. Concluimos com este estudo que doses de 1 a 2 mg
de BE foram eficazes em promover a emergéncia da nova onda folicular. Além
disso, o atraso na emergéncia folicular em vacas primiparas contribuiu para a
reducdo do diametro folicular na IATF em comparacdo com vacas multiparas. No
segundo estudo, comparamos o0 uso de 1 ou 2 mg de BE associado a um dispositivo
de P4 no inicio do protocolo de ressincronizacdo aos 14 dias apos a IATF (D0) em
vacas de corte Bos indicus lactantes (1 mg; grupo BE-1, n = 516; e 2 mg, grupo BE-
2, n = 510). No D14, junto com o inicio da ressincronizacéo, foi possivel avaliar a
presenca de corpo luteo ativo em 933 vacas. Além disso, um subgrupo dessas
vacas (n=18-19/grupo) foi submetido a avaliacbes ultrassonograficas diarias do D14
ao D22 para localizacdo e mensuracdo do didmetro dos foliculos antrais e area do
corpo luteo, e avaliagdo da perfusdo sanguinea do corpo luteo. No D22, todas as
vacas foram submetidas a avaliagbes ultrassonograficas no modo Doppler colorido
para deteccao de lutedlise. Vacas com lutedlise detectada no D22 foram submetidas
a IATF2 no D24. O diagnéstico de gestacdo convencional foi realizado 30-35 dias

apos primeira ou segunda IATF. A taxa de prenhez por inseminacao (P/IA) da IATF1



foi 21,4% maior (P<0,05) no grupo BE-1 do que no grupo BE-2. A potencial perda
embrionéria entre D22 e D30-35 foi 100% maior (P<0,05) no grupo BE-2 que no
grupo BE-1. A P/IA da IATF2 néo diferiu (P>0,1) entre os grupos. Assim, com taxas
de prenhez satisfatorias na IATF1 e na IATF2, o grupo BE-1 teve uma maior P/IA
acumulada ap0s duas IATFs com intervalo de 24 dias que o grupo BE-2. Portanto,
podemos concluir que 1 mg de BE é a dose segura e recomendada para ser
utilizada associada ao dispositivo de P4 nos protocolos de ressincronizacao

iniciados aos 14 dias pos-IATF.

Palavras-chave: Ressincronizacdo superprecoce. Benzoato de estradiol. Dose

dependente. Perda gestacional. Bovino de corte.



ABSTRACT

SILVA, A. G. Comparison of estradiol benzoate doses at beginning of the
synchronization and early resynchronization of ovulation for timed-
insemination in Bos indicus beef cows. 2021. 74p. Dissertacdo (Mestrado em
Ciéncias) — Faculdade de Medicina Veterinaria e Zootecnia, Universidade de Sao

Paulo, Pirassununga, 2021.

Based on the wide use of estradiol benzoate (EB) in timed-Al (TAI) protocols, with
this research we aimed to compare the effect of different doses of EB in
synchronization of ovulation and resynchronization at 14 days after TAI in suckled
Nelore beef cows. Therefore, this dissertation consists of two studies. In the first
study we compared three EB doses (1 mg, n=20; 1.5 mg, n=15; and 2 mg, n=21)
associated with a progesterone device (P4) at the beginning of a synchronization
protocol for TAI in primiparous (n=20) and multiparous (n=36) beef cows. Follicular
wave emergence (FWE) did not differ (P > 0.05) among treatment groups, as well as
the other features. The FWE occurred later (P < 0.05) in primiparous cows than in
multiparous cows. In addition, the follicular diameter of primiparous was smaller (P <
0.05) than multiparous cows at D =2 and TAI. We conclude with this study that doses
from 1 to 2 mg EB were efficient in promoting the emergence of the new follicular
wave. Furthermore, we also concluded that the delay in follicular emergence in
primiparous cows contributed to the reduced follicular diameter at TAI compared to
multiparous cows. In the second study, we compared the use of 1 or 2 mg EB
associated with a P4 device at the beginning of the resynchronization protocol at 14
days post-TAIl in suckled Bos indicus beef cows (1 mg; EB-1 group, n=516; and 2mg,
EB-2 group, n=510). On D14, along with the beginning of resynchronization, it was
possible to assess the presence of an active corpus luteum in 933 cows. In addition,
a subgroup of these cows (n=18-19/group) was submitted to daily ultrasound
assessments from day 14 to 22 for localization and measurement of antral follicles
and corpus luteum area, and assessment of corpus luteum perfusion. On D22, all
cows were submitted to ultrasound evaluations in color Doppler mode to detect
luteolysis. Cows with luteolysis detected on D22 were submitted to TAI2 on D24. The

conventional diagnosis of pregnancy was performed 30-35 days after TAI1 or TAI2.



The pregnancy per Al (P/Al) from first TAl was 21,4% greater (P<0.05) in the EB-1
group than in the EB-2 group. The potential embryonic loss between D22 and D30-
35 was doubled (P<0.05) in the EB-2 group. The P/Al of the second TAI did not differ
(P>0.1) between groups. Thus, with satisfactory pregnancy rates in TAI 1 and TAI 2,
the EB-1 group had a greater cumulative P/Al after two TAIs with a 24-day interval
than the EB-2 group. Therefore, we can conclude that 1 mg EB is the safe and
recommended dose to be used in association with the P4 device in resynchronization

protocols started at 14 days after TAI.

Keywords: Early resynchronization. Estradiol benzoate. Dose dependent. Pregnancy

loss. Beef cattle.
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1 INTRODUCTION

Holder of the largest commercial bovine herd in the world and in the first
place of beef exporters, Brazil has 187.5 million of head (ABIEC, 2021). Despite the
significant and growing contribution of the livestock to the country's gross domestic
product (CEPEA, 2021), for livestock to become a sustainable activity and to support
the meat demands, there is a need for implementation of technologies in various
sectors of the beef production chain. Among those, the breeding sector engages
about 70% of the landing destined to livestock activity and has a great impact on the
livestock’s sustainability. However, low reproductive efficiency observed in Brazilian
herds has a direct impact on the productivity and profitability of beef cattle
(BARUSELLI; ZANATTA,; ELLIFF, 2018).

A biotechnique that has contributed to improving reproductive efficiency is
timed-artificial insemination (TAI). Among its advantages, the hormonal treatments
used for the synchronization of ovulation needed for TAI induce the ovulation in most
of suckled cows that are in post-partum anestrus. After a TAI cycle, cows are usually
exposed to natural breeding; however, it is knowledge that a considerable number of
females did not ovulate or return to anestrus condition after the first TAI cycle
(ALVES et al., 2021). Another tool that has been contributing to the increase in
reproductive efficiency is the use of resynchronization protocols (BARUSELLI et al.,
2017). Different proposals for resynchronization protocols have been developed,
starting before or after the pregnancy diagnosis. The conventional resynchronization
protocol is performed only in females diagnosed as non-pregnant after the pregnancy
diagnosis by B-mode ultrasonography, which is high accurate from 28-30 days of
pregnancy. Thus, the conventional resynchronization protocol allows an interval of

=40 days between inseminations. Alternatively, protocols can also be initiated before
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pregnancy diagnosis. For this, resynchronization can be started at 22 days after TAI
when associated to the conventional B-mode ultrasonography, or even earlier, 12 to
14 days after TAl when using color Doppler ultrasonography for detection of non-
pregnant animals that underwent luteolysis (PUGLIESI et al.,, 2019). Thus, it is
possible to obtain intervals between inseminations of 32 or 22-24 days, respectively.
Considering one service per estrus and an estrous cycle lasting 21 days
(BARUSELLI et al., 2017), when using protocols starting 12 to 14 days after TAl, it is
possible to increase the service rate to 95% [21/22 days].

When the resynchronization protocol is started close to the period of
maternal recognition of pregnancy, the correct selection of drugs and its doses is
needed so that the pre-existing pregnancy from first TAIl is not harmed. In addition, it
is necessary to ensure the synchronization of a new follicular wave emergence
(FWE), aiming for the presence of a good-quality follicle at the end of the protocol
(BINELLI; IBIAPINA; BISINOTTO, 2006). Estradiol benzoate (EB) associated with an
intravaginal progesterone (P4) device are the most commonly used treatments at the
beginning of the synchronization or resynchronization protocols on beef cattle in
South America (BO et al., 1995; SA FILHO, et al., 2006, 2011). However, as estradiol
(E2) may triggers the pulsatile release of prostaglandin F,, (PGF2,) and induces
luteolysis, the EB treatment before pregnancy recognition period may risk the
pregnancy establishment. Previous studies using E2 or EB before pregnancy
recognition period have indicated controversial results. The administration of 1.5 mg
EB associated with an intravaginal P4 device 13 days after TAIl negatively affected
the pregnancy rate in dairy cows (VIEIRA et al., 2014). On the other hand, the use of
1 mg EB associated with a P4 device 13 or 14 days after TAl in beef cows (PALHAO

et al., 2020) and heifers (MOTTA et al., 2020) did not risk the pre-existing pregnancy.
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Therefore, EB doses greater than 1 mg may have negative impact on pre-existing
pregnancy, but based on work carried out on Bos taurus cows (CACCIA; BO, 1998;
BO et al., 2002; MARTINEZ et al., 2005a) the most efficient EB dose used at the
beginning of the TAI protocol in suckled beef cows is 2 mg (BO et al., 2002). In Bos
indicus cows, the effects of different doses of EB were studied on resynchronization
initiated on day 22 after TAl (PESSOA et al.,, 2015) or in non-lactating cows
(BASTOS et al., 2011), and results also indicated that the FWE is more synchronized
when 2 mg EB was used compared to lower doses.

Therefore, considering that there are few studies on the effect of EB doses in
suckled Bos indicus cows, which are the majority animals used in the breeding herds
in South America, two studies were developed to compare the effects of different EB
doses on the synchronization and resynchronization of FWE and on the maintenance

of pregnancy when used 14 days after TAl in suckled Bos indicus cows.
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2 CHAPTER 1: COMPARISON OF THREE DOSES OF ESTRADIOL BENZOATE
FOR SYNCHRONIZATION OF FOLLICULAR WAVE EMERGENCE IN SUCKLED
BOS INDICUS BEEF COWS

2.1 INTRODUCTION

Timed artificial insemination programs have been applied routinely on the last
years in dairy and beef cattle herds, enabling the spread of artificial insemination (Al)
(BISINOTTO; SANTOS, 2012). The E2/P4-based protocols have been the most used
for Bos indicus or crossbred Bos indicus females in the tropical and sub-tropical
regions, as this association has resulted in better pregnancy outcomes than the
gonadotropin releasing hormone (GnRH)-based protocols (BARUSELLI et al., 2012).
The association of E2 and P4 at the beginning of the protocol for TAI promotes
atresia of the ovarian follicles and a new follicular wave emergence (FWE) (BO;
BARUSELLI; MARTINEZ, 2003).

The EB is the most commonly used E2 ester at the beginning of the E2/P4-based
protocols (BO et al., 1995; BURKE et al., 2001, 2003; MARTINEZ et al., 2005b; SA
FILHO, et al., 2006, 2011). The EB treatment induces, in a dose-dependent manner,
the atresia of follicle stimulating hormone (FSH)-dependent follicles and a new FWE
between 2 to 6 days post-treatment (BURKE et al., 2003; BASTOS et al., 2011).
Although the conventional EB dose used at the beginning of the TAI protocol in
suckled beef cows is 2 mg, a lower EB dose (1 mg) has been indicated in beef
heifers, as increased circulating E2 concentrations are observed in animals with
lesser body weight and liver clearance (BO et al., 2002; MARTINEZ et al., 2005a). A
recent study (PESSOA et al.,, 2015) reported a more synchronized FWE in Bos

indicus and Bos taurus suckled beef cows receiving 2 mg than 1 mg EB for
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resynchronization of ovulation 22 days after TAI. Therefore, an intermediate EB dose
could be more adequate to increase the FWE synchrony for a second TAI and
preferred to avoid the risk of pregnancy loss, but there is no study evaluating whether
the use of an EB dose between 1 and 2 mg can efficiently synchronize FWE. Also,
for a better optimization of the TAIl protocols, the differential effects of the EB/P4-
based protocol on synchronization of FWE between multiparous and primiparous
suckled cows have to be determined. In this regard, primiparous beef cows have a
lower reproductive performance and a greater nutritional demand compared to
multiparous cows (SA FILHO et al., 2009; SA FILHO et al., 2010, 2013; SALES et al.,
2016).

In the present study, we hypothesized that in suckled Bos indicus beef cows: 1
mg EB would not be efficient to synchronize a new FWE, but 1.5 mg EB effectively
synchronize the FWE as 2 mg. Therefore, we aimed to compare the ovarian follicular
dynamics in primiparous and multiparous Bos indicus suckled beef cows receiving
three different EB doses (1, 1.5 and 2 mg) for synchronization of FWE in a TAl

protocol.

2.2 MATERIALS AND METHODS

2.2.1 Animals and experimental design

The experiment was approved by the ethics committee of the School of
Veterinary Medicine and Animal Science of the University of Sdo Paulo (protocol
3851080519) and was carried out at the Sdo Paulo Agribusiness Technology Agency
(Tieté, SP, Brazil). Thirty-six multiparous and 20 primiparous suckled Bos indicus
cows (Nelore), 160 + 8.2 days postpartum and with an average body condition score

(BCS) 2.99 = 0.39 (1 to 5 scale; 1 [emaciated] and 5 [obese]) were used. On a
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random day of the estrous cycle animals were submitted to an ovulation
synchronization protocol (Figure 1). On day -10 (D-10), cows received an
intravaginal P4-releasing device (Sincrogest®, Ourofino Satude Animal, Brazil) and
were randomly assigned to either i.m. EB treatment: 1 mg EB (Sincrodiol®, Ourofino;
EB-1 [n = 20, 12 multiparous and 8 primiparous]), 1.5 mg EB (EB-1.5 [n = 15, 9
multiparous and 6 primiparous]) or 2 mg EB (EB-2 [n = 21, 15 multiparous and 6
primiparous]). On D-2, the devices were withdrawn, and regardless of treatment
group, all cows received: 1 mg E2 cypionate (1 mL; i.m., EC; SincroCP®, Ourofino),
0.53 mg sodium cloprostenol (2 mL; i.m., Cioprostinn®, Boehringer-Ingelheim, Brazil),
and 300 IU equine chorionic gonadotrophin (1.5 mL; i.m., eCG; SincroeCG®,
Ourofino). Cows were painted with chalk marker halfway between the hip and tail
head to determine the occurrence of estrus between D-2 and D0O. On DO, TAI was
performed by a single technician with thawed semen from two sires.

A subgroup of multiparous [EB-1, n = 8; EB-1.5, n = 9; and EB-2, n = 8] and
primiparous [EB-1, n = 4; EB-1.5, n = 4; and EB-2, n = 2] cows was subjected to daily
ovarian evaluations by ultrasonography from D-10 to DO. Scanning was performed
by a single operator using an ultrasound instrument (DP50-VET, Mindray, China) in
B-mode with a linear multifrequency probe. Multiparous with a detected new FWE
occurring from 3 to 5 days and primiparous with a detected new FWE occurring from
4 to 6 days after the treatment were considered to have a synchronized follicle wave
emergence and the proportion of cows with a synchronized wave was calculated.
The day of the new FWE was defined by retrospective evaluation, when the
dominant follicle (DF) first appeared between 4 and 5 mm on the ultrasound image
(GINTHER; KNOPF; KASTELIC, 1989). The follicular diameter was calculated by the

mean of the maximum length and width using the caliper function. For estrous
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evaluations, they were scored from 0 to 3, based on the color change between D-2
and DO, in which 0 = unchanged, 1 < 50% of color removed, 2 > 50% of color
removed and 3 = 100% of color removed. The occurrence of estrus was defined
when the paint were classified as 2 or 3. Ovulation was confirmed by disappearance
of DF at the ultrasonographic exam 36 h after TAI. Pregnancy diagnosis was done on
D37 by the transrectal ultrasonography to detect the presence of a viable embryo
with heartbeat.

Figure 1. Schematic diagram of the experimental design.

| EB-1(n=20) |
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LE_B_—];E(_n_:ES_)J' P4 removal +

frm=mm——— 3 PGF2o + Ovulation Pregnancy

1 -2 (n= 1

| EB2(n=21) 4 EC+eCG  TAI check check
| P4 device 1 | |
| | | |

D-10 D-2 DO 36h D37

Source: (SILVA, A. G., 2021)

Notes: Schematic diagram of the experimental design. Suckled Nelore cows were submitted to a
E2/P4 based TAI protocol and on D-10 were alocated in three groups: EB-1 (1 mg EB), EB-1.5 (1.5
mg EB) or EB-2 (2 mg EB) and all females reiceved a eight days-used P4 device. A subgroup (n=10-
13/group) were submitted to daily (D-10 to DO) ultrassonography evaluations (B-mode). On D-2, the
devices were removed and all cows received 1 mg E2 cypionate (EC), 0.53 mg sodium cloprostenol
(PGF2a), and 300 IU equine chorionic gonadotrophin (eCG). The TAl was performed 48 hours after
the treatment for induction of ovulation and the ovulation was checked 36 hours after TAI. The
pregnancy diagnosis was performed through ultrasound B-mode on D37.

2.2.2 Statistical Analyses

Statistical analyses were performed using SAS software (version 9.2, SAS
Institute Inc., USA). The continuous dependent variables (day of FWE, follicular
growth rate and DF size) were evaluated for the normality of residues by the Shapiro-
Wilk test and homogeneity of variances by Levene’s test. Data were analyzed using
ANOVA with the MIXED procedure considering only the main effects of treatment

group (EB doses) and parity order, as the reduced number of primiparous cows in
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each treatment group limited the evaluation of a possible interaction between
treatment and parity. The dispersion of the day of FWE was analyzed by Bartlett’s
test. The frequency of a new FWE that occurred from 3 to 5 days (multiparous) or 4
to 6 days (primiparous) post-treatment and the estrous, ovulation and pregnancy
rates were compared by Fisher's exact test using FREQ procedure of SAS. Results
are presented as mean + SEM and proportion. Probabilities of p < 0.05 indicate

significant difference.

2.3 RESULTS

A new FWE was detected in all animal’s subject to daily evaluations (n=35
animals). There was no difference (p > 0.05) on the mean day of FWE among the
treatment groups (Table 1); however, a parity effect (p = 0.007) indicated a delayed
FWE in primiparous than multiparous cows. When the dispersion of the detected day
of FWE was analyzed by the Bartlett’s test, no difference (p > 0.05) was detected
among the treatment groups or parity categories (Fig. 2). Also, the proportion of cows
with a synchronized FWE (multiparous, from 3 to 5 days post-treatment; and
primiparous, from 4 to 6 days post-treatment) did not differ (p > 0.05) among the
treatment groups (83% [10/12], 85% [11/13] and 70% [7/10], for EB-1, EB-1.5 and

EB-2 groups, respectively).
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Table 1. Follicular wave emergence (FWE), follicle growth rate, dominant follicle diameter at TAl of cows
(multiparous and primiparous) treated with 1, 1.5, or 2 mg EB at the beginning of the TAI protocol. All
values are expressed as mean £ SEM or proportions.

EB groups’ Parity category* P value

EB-1 EB-1.5 _ PRIM MULT

(n=20) (n=15)  EB-2(n=21) (n=20) (n=36) G ¢
Follicular wave ~ 43+04 39+03 42+04 51+04  3.8+0.2 NS  0.007
emergence, days
Folicle growth rate from - 5, 4 119+008 1.10+007  1.06+0.05 1.26+0.24 NS NS
FWE to TAI, mm/day™ cAE04e LI A0 ED PO =D 0 =0
Diameter of largest 9.1+05 95+05 8607 78+07 97203 NS  0.006
follicle at D-2, mm
Diameter of largest 11+06 11.8+06 11.1+0.6 10+05 11.9+04 NS  0.008
follicle at TAI, mm
cos detected In eSS g5[17/20] 67[10/15] 86[18/21]  70[14/20] 86 [31/36] NS 002
Ovulation rate, % 75[15/20] 67 [10/15] 57 [12/21] 55[11/20] 72 [26/36] NS NS
Pregnancy rate, % 50 [10/20] 40[6/15] 33 [7/21] 40 [8/20] 42 [15/36] NS NS

Source: (SILVA, A. G., 2021)

T Number of cows evaluated by daily ultrasonographic evaluations in each group, EB-1 (n=12), EB-1.5

(n=13) and EB-2 (n=10);

* Number of cows evaluated by daily ultrasonographic evaluations in each parity order category, PRIM

(n=10) and MULT (n=25);
FWE-= follicular wave emergence; TAI= timed artificial insemination; PRIM = primiparous; MULT
multiparous; G= Group effect; C: category effect; NS= Nonsignificant (P > 0.05).

The DF diameter (Table 1) was smaller in primiparous cows on D-2 (p

0.006) and at TAI (p = 0.008) but did not differ (p > 0.05) among the EB treatment

groups. The proportion of cows detected in estrus at TAI did not differ (p > 0.05)

among the treatment groups (Table 1), but a category effect (p = 0.02) reflected

a

greater proportion of multiparous cows detected in estrus than primiparous cows. No

difference (p > 0.05) was observed for the follicle growth rate (mm/day) from FWE to

TAI among the EB treatment groups nor between primiparous and multiparous cows

(Table 1). Also, no effect (p > 0.05) of treatment group or parity was observed on

ovulation and pregnancy rates (Table 1).
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Figure 2: Individual values to day of follicular wave emergence in multiparous (A) and
primiparous (o) cows.
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Source: (SILVA, A. G., 2021)

Notes: The horizontal bars represent the aritmetric mean for each treatment. The
dispersion of the detected day of FWE did not differ among the treatment groups when
analyzed by Bartlett’s test (p > 0.05).

2.4 DISCUSSION

In the present study, three EB doses (1, 1.5 and 2 mg) were used
simultaneously for the first time to compare its effects on FWE and DF characteristics
in suckled Nelore cows, aiming to define which EB dose is better to effectively
synchronize FWE in suckled Nelore cows. A control group (without EB treatment)
was not included as the objective was to compare the doses already used in TAl
protocols and where the insertion of the P4 device without E2 administration is
known to lead to follicular persistence (KINDER et al., 1996). Also, a limitation of the
herein study is that an interaction between EB dose and parity order was not
evaluated due to the limited nhumber of primiparous cows receiving each EB dose.
Our expectation that 1 mg EB would not be efficient to synchronize a new FWE in
suckled beef cows was not supported. The FWE was not affected by the EB dose
used at the beginning of the protocol and 83% [10/12] of cows that received 1mg EB

had a synchronized FWE (FWE occurring in a range of three days). A similar efficacy
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of 1 mg EB compared to 2 mg has been previously reported in suckled Bos taurus
and Bos indicus beef cows and Bos taurus dairy cows, both non-lactating (Burke et
al., 2003; Bastos et al., 2011). But, when these both doses were in Bos indicus
suckled cows for resynchronization on day 22 after TAl (PESSOA et al., 2015), the
FWE occurred more dispersed in cows treated with 1 mg EB. This divergence
between the previous and present results may be related to several factors affecting
circulating E2 concentrations at the time of EB treatment, as the size of DF and the
liver clearance of steroid hormones. According to Sartori et al. (2016), Bos indicus
cows have a slower metabolism of steroid hormones, compared to Bos taurus cows.
In addition, increased clearance of steroid hormones is directly correlated with high
dry matter intake and lactation (SANGSRITAVONG et al., 2002). Thus, the 1 mg EB
dose at the beginning of the protocol may be appropriate to synchronize the FWE in
cows kept on pastures without feed supplementation or in late postpartum period
(reduced milk yield), as well as in the present study.

Although the comparison of intermediate EB doses as 1.5 mg with other doses
has not been reported for Bos indicus females, a study with suckled Hereford and
Hereford x Charolais crossbreed (PFEIFER et al., 2018) using 1.5 mg EB associated
to a 0.78 g P4 device reported that only 52.4% [11/21] of suckled beef cows had
follicular atresia and a new FWE. The results obtained with the present study
supported our hypothesis that 1.5 mg EB effectively synchronize the FWE in Bos
indicus beef cows, regardless the parity order. That is, the dose of 1.5 mg induced a
new FWE between 3 to 6 days after the EB treatment in 75% of primiparous and
88% of multiparous cows. Also, similar DF size, proportion of cows detected in estrus
and ovulation and pregnancy rates were observed in cows treated with 1.5 or 2 mg

EB.
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Regarding the parity effect on follicular dynamics, the present study indicated
one day delay in FWE and a reduced DF size at P4 device removal and at TAl in
primiparous than multiparous Nelore cows. The delay in FWE may be resulting from
a longer FSH suppression caused by increased circulating E2 in primiparous than
multiparous, as first parous cows at calving are about 85% of adult weight (DISKIN;
KENNY, 2014). Consequently, primiparous cows are lighter after partum
(UNGERFELD et al., 2011), have greater weight loss during early postpartum, and
present 7% less body weight than the multiparous (second calving order) at the
weaning period (VIEIRA et al., 2005).

The reduced DF size in primiparous cows could be a direct consequence of
the delayed FWE, resulting in a short period for DF growth between follicle deviation
to TAI. Still, a reduced gonadotropin support for final DF growth is associated as the
primary cause for a smaller DF in primiparous cows, as a lower circulating LH
pulsatility and IGF-I concentration is reported in primiparous than multiparous cows
(MEIKLE et al., 2004). Also, primiparous cows have a greater energy demand than
multiparous, as they need energy for lactation and body growing (NRC, 2016).
Consequently, a more severe anestrous condition and lower reproductive
performance during early postpartum is reported in primiparous than multiparous Bos
indicus cows subjected to TAI protocols (SA FILHO et al., 2009, 2013; SALES et al.,
2016). The delayed FWE and reduced gonadotropin support for follicle grow might be
associated for leading to a smaller DF at TAI in primiparous cows, which has a
positive and linear relationship with pregnancy rates in TAIl programs of beef cattle
(SA FILHO et al., 2011; PUGLIESI et al., 2016; NISHIMURA et al., 2018). Therefore,
the hormonal protocols for TAI in primiparous suckled cows would be modified to

allow an extended period or greater gonadotropin support for follicle grow during the
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LH-dependent phase aiming to improve reproductive performance. Thus, the
reduction in 25 to 50% of the conventional EB dose (2 mg) for synchronization of
FWE at beginning of the E2/P4-based protocol could be an interesting alternative
with high efficiency in induction of a new FWE for situations with lighter cows or for
super-early resynchronization protocols, where doses greater than 1 mg EB may
negatively affect the previous pregnancy (SILVA et al., 2020). Though, because of
the limited number of animals used in the present study, further studies are needed
to evaluate the effect of reduced EB doses on the pregnancy rate in suckled beef
COWS.

In conclusion, the EB doses varying from 1 to 2 mg proved to be efficient to
synchronize the emergence of a new follicular wave in suckled Nelore cows. The
delayed FWE in primiparous cows is a factor contributing to the reduced DF diameter
at TAlI compared to multiparous cows, indicating that the TAI protocols in first parous
cows should be modified to allow an extended time for gonadotropin support from

FWE to TAI.
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3 CHAPTER 2: COMPARISON OF ESTRADIOL BENZOATE DOSES FOR
RESYNCHRONIZATION OF OVULATION AT 14 DAYS AFTER TAI IN SUCKLED
BEEF COWS

3.1 INTRODUCTION

Resynchronization of ovulation programs allow the expanding of TAI use in
cattle, and consequently accelerate the genetic gain due to the increase in the
number of calves born from Al and reduce the number of bulls needed in the
breeding farms (BARUSELLI et al., 2017). Another important impact of
resynchronization programs is that it may result in greater pregnancy rates when
compared to TAI protocols followed by natural mating (CREPALDI et al., 2017). This
result is caused mainly by a great proportion of non-pregnant cows that return to
anestrus condition after first TAl (ALVES et al., 2021), especially those with low body
condition (AYRES et al.,, 2009). Thus, these animals have a second chance of
induction of ovarian activity after partum with the resynchronization program. Among
the possibilities of resynchronization, the protocols starting 14 days after the first TAI
allow an interval between TAls of 24 days and provide a service rate up to 87.5%
(BARUSELLI et al., 2017). For performing this method, the evaluation of CL function
by color-Doppler ultrasonography is fundamental to detect with high accuracy the
luteolysis 20 to 22 days after TAI in females which failed to conceive (SIQUEIRA et
al., 2013; PUGLIESI et al., 2014; DALMASO DE MELO et al., 2020).

Because hormonal treatments in these protocols precede the time of maternal
pregnancy recognition in cattle (BINELLI et al., 2001), there should not be a risk to
pre-existing pregnancies and the treatment regimen must be effective in
synchronizing the timing of FWE for conducting a second TAIl. Therefore, the

association between P4 and EB treatments when the resynchronizations start in the
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second week after TAI may influence the establishment of pregnancies because of
the function of E2 in inducing luteolytic PGF,4 pulses from endometrium (ARAUJO et
al., 2009; PUGLIESI et al., 2012). When the administration was close to the period of
maternal recognition of pregnancy (12 to 14 days post-TAl), inconsistent results were
observed regarding the impact on pregnancy maintenance. The administration of 1.5
mg EB associated with an intravaginal P4 device 13 days after TAI negatively
affected the pregnancy rate in dairy cows (VIEIRA et al.,, 2014). In contrast,
administration of 1 mg EB associated to an intravaginal P4 device 14 days post-TAl
did not affect the pregnancy rate from first TAIl in beef heifers (MOTTA et al., 2020).
Also, the pregnancy rate in the first TAI did not differ between beef suckled cows
resynchronized at 13 days after TAI with 1 mg EB associated with an intravaginal P4
device and non-resynchronized control animals (PALHAO et al., 2020).

In resynchronization programs starting 22 days after first TAI, the use of 1 or 2
mg of EB did not affect the pregnancy rate of the first TAl (SA FILHO et al., 2014;
PESSOA et al., 2015); whereas the FWE was more synchronized and pregnancy
rates were greater in suckled cows receiving 2 mg EB. Palh&o et al. (2020) reported
satisfactory pregnancy rates at the second TAIl when using 1 mg EB in the
resynchronization program starting at day 13; however, the effects of 2 mg EB on
FWE and pregnancy rates in suckled beef cows submitted to resynchronization
program at day 12-14 after TAI are not known. Therefore, administration of smaller
doses of EB might be a safe alternative for not risking the establishment of
pregnancy (MOTTA et al., 2020), but these regimens may also be ineffective for
synchronizing the time of FWE among suckled beef cows.

In this context, it is necessary to assess whether a dose of 1 mg EB is

sufficient to synchronize the FWE when P4 concentrations are elevated as expected
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at the beginning of resynchronization protocols at 12-14 days after TAI. As well as to
evaluate whether increasing the dose of EB to 2 mg impairs the pregnancy rate when
administered close to the period of maternal recognition of pregnancy. Therefore, we
aimed with this study to compare the effects of use of 1 or 2 mg EB administered at
the beginning of resynchronization at 14 days after TAI on: 1) corpus luteum (CL)
maintenance and synchronization of FWE, 2) pregnancy rate and potential
embryonic loss from the first TAI; and 3) pregnancy rate for cows resynchronized and
submitted to the second TAI. We hypothesized that: 1) the 2 mg dose induces a
more synchronized FWE; 2) the pregnancy establishment from the first TAI is not
impacted by the EB dose; and 3) animals receiving 2 mg EB would have a greater

pregnancy rate at resynchronization.

3.2 MATERIAL AND METHODS

Experiments were submitted and approved by the ethics committee of the
School of Veterinary Medicine and Animal Science of the University of Sdo Paulo

institution, under the protocol number 3851080519.

3.2.1 Animals and management

Experiment was carried out between the months of November and March
(breeding season 2019-2020) in two farms located in the states of Sao Paulo and
Mato Grosso, Brazil. A total of 1,026 Bos taurus indicus suckled beef cows (968
multiparous and 58 primiparous) with an average of 45 days post-partum and body
condition score between 2.5 and 4 at TAI (BCS; on a scale of 1 to 5, in wich 1
[emaciated] and 5 [obese]; AYRES et al., 2009) were used. Cows were kept on

Brachiaria decumbens, Brachiaria humidicola, Brachiaria brizantha (cv Marandu),
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Andropogon gayanus and Panicum maximum (cv Mombaga) pastures with ad libitum
access to water and a mineralized salt. Thirty-seven multiparous cows received
supplementation with corn silage and concentrate as established by the NRC (2016)

during the experimental period.

3.2.2 Reproductive management and treatments

On a random day, all cows were submitted to an ovulation synchronization
E2/P4-based protocol (10 days of length), accordingly to the conventional protocol
used in each farm. Briefly, cows received an intravaginal P4-releasing device
(Sincrogest®; or Progestar®, Boehringer Ingelheim, Brazil) along with an i.m.
administration of 2 mg EB (RIC-BE®, Tecnopec Ltda, Sdo Paulo, Brazil) or 5.5 mg
17B-E2 (Betaproginn®, Boehringer-Ingelheim). On D-2 the devices were withdrawn
and was performed the administration i.m of 0.394 or 0.530 mg sodium cloprostenol
(Estron®, Agener Unido, Sdo Paulo, Brazil or Cioprostinn®, Boehringer Ingelheim),
0.6 or 1 mg E2 cypionate (ECP®, Zoetis Brazil — Salde Animal, Sdo Paulo or
SincroCP®) and 300 IU eCG (Novormon®; or Folligon®, MSD Salde Animal, Sdo
Paulo, Brazil). Cows were inseminated 48 hours after withdrawn by five experience
operators with thawed semen from ten sires. The day of first TAI was considered as
DO.

Fourteen days (D14) after first TAl cows received an 8 or 16 days-used
intravaginal P4-releasing device (Sincrogest®, Ourofino Satde Animal, Cravinhos,
SP, Brazil) and were randomly subdivided into two experimental groups: EB-1 [n =
516] or EB-2 [n = 510], that received 1 or 2 mg EB (1 or 2 mL, i.m., Sincrodiol®,
Ourofino Saude Animal), respectively. Along with the beginning of resynchronization,

a subset of cows (n = 933) was submitted to ovarian ultrasound scanning to detect
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presence of an active CL. On D22, an early diagnosis of pregnancy was performed
by a color-Doppler ultrasonography (Mindray Z5 Vet, Shenzhen, China) with a linear
multi-frequency B-mode transducer (frequency 7.5 MHz; D 6.5; gain 71; FR 22; DR
120) and in Doppler mode (5.7 MHz, gain 72, WF 260, PRF 0.7kHz). Cows with a
functional CL (> 25% of blood perfusion) on D22 were considered pregnant and had
only the intravaginal P4 device removed. In non-pregnant cows, the
resynchronization protocol was continued by administration of 1 mg E2 cypionate (1
mL, i.m., SincroCP®, Ourofino Satde Animal), 0.53 mg sodium cloprostenol (2 mL,
i.m., Sincrocio®, Ourofino Satde Animal) and 300 IU equine chorionic gonadotropin
(eCG; 1.5 mL; Novormon®, Zoetis Brasil - Satde Animal). Still on D22, in a subset of
non-pregnant cows (283/488) estrous detection patches (Boviflag®, ABS Pecplan,
Uberaba, MG, Brazil) were applied halfway between the hip and tail head to
determine the occurrence of mounting behavior associated with estrus between D22
and D24. On D24, cows which luteolysis was detected by color Doppler, were re-
inseminated in fixed time with thawed semen from seven sires and by seven
operators. The semen and the operators were equally assigned for two treatment
groups. The confirmatory diagnosis of pregnancy was assessed by ultrasound
evaluations, between 30 and 35 days after first TAI, by detection of an embryo with
heartbeats. The pregnancy diagnosis of the second TAI also was performed with an

interval of 30-35 days (D54-D59).

3.2.3 Daily ultrasound scanning

Thirty-seven cows (n=18-19/group) had the ovulation checked 48 hours after
first TAI and were subject to daily ultrasound evaluations from D14 to D22 after first

TAI to map the localization and size of follicles and to determinate the area and blood
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perfusion of CL. Daily evaluations were performed by a single operator with a duplex
B-mode and pulse-wave Color-Doppler ultrasound instrument (MyLab Delta, Esaote
Healthcare, Italy), with a linear multifrequency transducer (3,5-7,5 MHz) in B mode
(RES-A, gain 50%, P 74mm, X/M, PRS 1) and Color-Doppler mode (gain 61%, PRF
730Hz, frequency 6,3 MHz, WF 4, PRS 3, PRC M/2). Still in these animals, the
ovulation check was performed 48 hours after second TAI by transrectal

ultrasonography.

Figure 3 — Schematic diagram of the experiment.
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Source: (SILVA, A. G, 2021)

Notes: 1,026 suckled Nelore cows were submitted to TAI (D0). On D14, cows received a P4-releasing
device 8/16 days used and were assigned in two experimental groups: EB-1 (n = 516 cows) or EB-2 (n
=510 cows) that received respectively, 1 or 2 mg EB according to BCS at TAIl. Beyond of the start of
resynchronization protocol, a subgroup of cows (n=933) were evaluated by transrectal
ultrasonography to detect absence of CL. On D22, P4 devices were removed and early diagnosis was
performed by luteolysis detection using color Doppler ultrasonography. Cows which presented an
active CL had only P4 devices removed while cows which luteolysis was detected, followed on
protocol and received i.m. 1 mg of E2 cypionate, 0.530 mg of sodium cloprostenol and 300 IU of eCG.
Also, on D22, cows that which underwent to luteolysis were submitted to B-mode ultrasonography
evaluations to measure the largest follicle size and a subgroup of non-pregnant cows were used
estrous detection patches (Boviflag®). On D24, cows with the luteolysis detected by Doppler were
submitted to second TAI, had the largest follicle measure and, were assigned the estrus scores based
on color change of estrous patches. Confirmatory pregnancy diagnosis was performed between D30-
35 after first or second TAI. A subgroup of cows (18-19 cows/group) was submitted to ovulation check
after first TAI and daily ultrasound scanning (B-mode and color Doppler) from D14-D22. On D22 P4-
devices were removed and cows were evaluated using Color Doppler Ultrasonography. Cows which
underwent to luteolysis had the ovulation checked by transrectal ultrasonography 48 hours later
second TAI.
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3.2.4 End points

The day of the new FWE was defined by means of a retrospective evaluation,
when the largest follicle first appeared between 4 and 5 mm (GINTHER; KNOPF,;
KASTELIC, 1989). Cows with a detected new FWE occurring between 3 to 5 days
after the treatment (D17-19) were considered to have a synchronized FWE and the
proportion of cows with a synchronized wave was calculated. Cows without a
detected new FWE or with presence of a persistent dominant follicle from D14 to D22
were omitted from this analysis (EB-1, n=5; and EB-2, n=1). The day of structural
luteolysis was defined by a retrospective evaluation as the day when the CL
presented for the first time a blood perfusion < 25% (PUGLIESI et al., 2014). Corpus
luteum data of four cows submitted to daily evaluations (n=2/group) were excluded of
repeated measurement due to the presence of 2 CL in the ovaries from double
ovulation.

The diameter of the follicles was calculated by the mean of the maximum
length and width using the caliper function while the CL area were performed through
the function tracing in B mode, in which they were measured and recorded in a
schematic design. When the CL presented a cavity, it was subtracted from the total
luteinized area, as previously described by Rocha et al. (2019). The animals were
submitted to evaluations of the blood perfusion of CL with color-Doppler
ultrasonography in which the area with colored signals was considered and a
percentage was estimated in relation to the total CL area (PUGLIESI et al., 2014).
Ovulation was confirmed by disappearance of the dominant follicle at the

ultrasonographic exam 48 h after the 1% and 2" TAI.
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On D14 along with the beginning of resynchronization, a subgroup of cows (n
= 933) was submitted to ovarian ultrasound scanning to detect presence of an active
CL at the beginning of protocol. On D22, cows that underwent luteolysis (n = 235 of
EB-1 and n = 267 of EB-2) had the diameter of the largest follicle measured by taking
the mean of the maximum length and width using the caliper function. In a subset of
cows that underwent luteolysis (283/502) estrous detection patches (Boviflag®, ABS
Pecplan, Uberaba, MG, Brazil) were applied halfway between the hip and tail head to
determine the occurrence of mounting behavior associated with estrus. For
evaluation, they were scored from 0 to 3, based on the color change between the
application and the second TAI (D24), in which 0 = unchanged, 1 < 50% color
change, 2 > 50% of change in color, and 3 = 100% change in color. The occurrence
of estrus was defined when the patches were classified as 2 or 3. Cows that had the
luteolysis detected on D22 by Color-Doppler were submitted to a second TAI 48
hours later (D24) and had the ovaries scanning for measurement of the largest
follicle and evaluation of the growth rate of this follicle in a 48-h interval (D22 to D24).

Proportion of cows with an active CL on D14 was calculated based on the
number of cows with a functional CL over on the number of cows evaluated.
Proportion of cows with an active CL on D22 was calculated based on the number of
animals with a functional CL over on the number of cows inseminated. Pregnancy
per Al (P/Al) from first TAI was calculated based on the number of animals with an
embryo with heartbeats over on the number of cows inseminated. Potential
embryonic loss was considered in two experimental periods. Potential early
embryonic loss (PEEL; from D14 to D22) was considered as the number of cows
without active CL on D22 over on the number of cows with active CL at the beginning

of the resynchronization protocol (into the subgroup evaluated on D14, n=933). The
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potential late embryonic loss (PLEL; from D22 to D30-35) was considered as the
number of cows without a viable embryo in the confirmatory pregnancy diagnosis
(D30-35) over on the number of cows with active CL on D22. P/Al from second TAI
was calculated based on the number of cows with an embryo with heartbeats on
D54-59 over on the number of cows submitted to the second TAIl. Cumulative P/AI
was calculated based on the number of cows diagnosed as pregnant in the
confirmatory diagnoses after first and second TAls over on the total number of cows
exposed to the TAI program. Sixteen cows were excluded for the calculation of the
P/Al after second TAIl due to management issues. Thus, for the calculation of

cumulative pregnancy rate 1,010 cows were considered.

3.2.5 Statistical Analysis

All statistical analyzes were performed using SAS (version 9.2, SAS Institute
Inc., Cary, NC, USA). The experiment was conducted as a completely randomized
design and every cow as an experimental unit. BCS of cows at first TAI was used for
balanced distribution of treatment groups.The continuous dependent variables (day
of new FWE, follicular size, day of structural luteolysis, CL size and blood perfusion)
were evaluated for the normality of the residues by the Shapiro-Wilk test and
homogeneity of variance by Levene’s test. When the raw data did not follow normal
distribution, data were transformed into natural logarithms or ranked. Data were
analyzed by ANOVA using PROC MIXED considering the effects of treatment group
(EB-1 and EB-2), pregnancy status (pregnant or non-pregnant), day (for repeated
measurements of CL characteristics) and their possible interactions. As we observed

that on D14, blood perfusion was different between EB treatment groups, the CL
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blood perfusion on D14 was used as a covariate (P = 0.0001) for repeated
measurements. The average values were compared between days, when necessary
using Fisher’s protected least significant difference (LSD, i.e., the DIFF option of the
LSMEANS statement). The dispersion of the day of FWE was analyzed by Bartlett’s
test. The frequency of FWE that occurred between days 3 and 5 after treatment was
evaluated by Fisher’s exact test using the PROC FREQ of SAS.

The dependent variables, presence of CL on D14, pregnancy rate, potential
embryonic loss and occurrence of estrus, were analyzed by the GLIMMIX procedure
using a binomial distribution. Multivariable models were built, and a backward
stepwise elimination method was applied, considering the Wald’s criterion (factors
with P > 0.2 are excluded from the model). For presence of CL on D14, pregnancy
rate, potential embryonic loss and occurrence of estrus, the initial statistical model
was composed of the fixed effects of treatment group (n=2), P4 device (n=2),
categories of body condition score based on the median BCS (n=2, BCS < 3 or BCS
= 3), and their possible interactions. For the random effects, parity category
(primiparous or multiparous), sire (n=8) and technician (n=8) nested in the farm were
included in the model. Therefore, the final models for presence of CL on D14,
pregnancy rate, potential embryonic loss and the occurrence of estrus included only
the effects of treatment group and body condition score. Results were expressed as
mean = SEM. Significant differences were declared at P < 0.05 and a tendency was

declared when P £0.1 and P > 0.05.
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3.3 RESULTS

3.3.1 Total animals

The proportion of cows bearing an active CL on D14 did not differ (P > 0.1)
between the EB-1 and EB-2 groups (Fig.4), but was affected (P < 0.05) by the BCS.
A greater proportion of CL was observed in cows with a BCS = 3 than cows with BCS
< 3 (Table 2). The PEEL, which was based on ratio of cows without active CL on D22
over the number of cows with active CL at D14 was 40% [332/830]. The PEEL was
greater (P < 0.05) in the EB-2 group than in the EB-1 group (Fig.5), but was not
affected (P > 0.1) by the BCS (Table 2).

Figure 4 — Proportion of cows (%) with an active CL at beginning of resynchronization protocol (D14)

and at Doppler ultrasonography (D22) and with an embryo on B-mode diagnosis (D30-35) after first
TAL
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Source: (SILVA, A. G., 2021)

Notes: Proportion of cows with an active CL at beginning of resynchronization protocol (D14), at
Doppler diagnosis (D22) and pregnancy rate at the B mode diagnosis (D30-35) in beef cows
resynchronized 14 days after TAI with an intravaginal P4 device associated to 1 (EB-1; n = 516) or 2

mg (EB-2; n = 510) of estradiol benzoate (EB). Significant differences were declared at P < 0.05 and a
tendency was declared when P < 0.1 and P > 0.05.

The overall pregnancy rates at D22 and D30-35 were 51.1% [524/1026] and
46.4% [476/1026], respectively, and were affected (P < 0.05) by the treatment group

and the BCS. The proportion of cows with an active CL at D22 and P/Al at D30-35
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after first TAl was greater in the EB-1 than in the EB-2 group (Fig.4). The BCS effect
indicated that in cows with BCS = 3 the pregnancy rate was greater compared to
those with a BCS < 3 (Table 2). The overall PLEL between Doppler diagnosis (D22)
and confirmatory diagnosis of pregnancy (D30-35) was 9.2% [48/524] and was
affected (P < 0.05) by treatment group as well as a tendency (P = 0.08) for a BCS
effect. The group effect reflected that the PLEL was greater in EB-2 than EB-1 group
(Fig. 5). In addition, the PLEL tended to be greater in cows with a BCS < 3 than in
cows with BCS = 3 (Table 2). For the follicular characteristics of hon-pregnant cows
detected by Doppler ultrasonography on D22 and submitted to the second TAI, no
difference (P > 0.1) was observed between groups in the size of the largest follicle at
D22 (10.13 = 0.15 vs. 9.6 = 0.13 mm, for EB-1 and EB-2 respectively) and at TAI
(11.98 £ 0.17 vs. 11.54 = 0.16 mm, for EB-1 and EB-2 respectively). Also, the growth
rate of largest follicle between P4 device withdrawal (D22) and the TAI (D24) did not
differ (P > 0.1) between the EB-1 (0.80 + 0.07 mm/day) and EB-2 (0.87 + 0.07
mm/day) groups. Accordingly, the occurrence of estrus did not differ (P > 0.1)

between the EB-1 (38.5% [47/123]) and EB-2 (35.6% [57/160]) groups.

Figure 5 — Proportion (%) of potential early embryonic loss (PEEL) from D14 to D22 and late

embryonic loss (PLEL) from D22 to D30-35 between treatment groups.
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Notes: PEEL (Potential early embryonic loss) = Number of cows without an active CL at Doppler
diagnosis (D22) over on the number of cows with an active CL at the beginning of resynchronization
protocol (D14); PLEL (Potential late embryonic loss) = Number of cows without an embryo at B mode
diagnosis (D30-35) over on the number of cows with an active CL at Doppler diagnosis (D22).

Significant differences were declared at P < 0.05 and a tendency was declared when P < 0.1 and P >

0.05.

Table 2. Effect of body condition score (BCS) on the proportion (%) of cows with an active CL at days 14 and
22 after TAIl, pregnancy rate from first TAIl, potential early embryonic loss, potential late embryonic loss, and

cumulative pregnancy rate [TAI 1 + TAI 2].

End point, % [n/N] BCS<3 BCS =3 P-value
Proportion of cows with an active CL on D14 82.7 [234/283] 91.7 [596/650] < 0.0001
Proportion of cows with an active CL on D22° 43.5[137/315] 54.4 [387/711] 0.001
Pregnancy rate at D30-35° 37.8[119/315] 50.2 [357/711] 0.0005
Potential early embryonic loss® 43.6 [102/234] 38.6 [230/596] 0.23
Potential late embryonic loss © 13.1 [18/137] 7.7 [30/387] 0.08
Cumulative pregnancy rate’ 60.8 [186/306] 71.9 [506/704] 0.0005

Source: (SILVA, A.G., 2021)

Notes: ® Number of cows with an active CL (>25% of blood perfusion) on D14 over on the number of cows
submitted to an ultrasound scanning at 14 days after TAl (n=933). ® Number of cows with an active CL
(>25%) on Color-Doppler diagnosis at D22 over on the number of inseminated cows. © Number of cows with
an viable embryo at D30-35 by B-mode ultrasonography over on the number of inseminated cows. 4 Number
of cows without an active CL on D22 over on the number of cows with an active CL on D14. ® Number of
cows which an active CL on D22 but without an embryo on D30-35 over on the number of cows with an
active CL on D22. ' Number of cows pregnant after 2 TAls over on the number of cows inseminated in TAI 1

or TAI 2. Significant differences were declared at P < 0.05 and a tendency was declared when P < 0.1 and P

>0.05

P/Al at resynchronization was 44.4% [216/486] and did not differ (P > 0.1)

between the EB treatment groups (Fig. 6). Also, the pregnancy rate at the second
TAIl was not affected (P > 0.1) by the BCS (40% [67/169] for BCS <3; and 47%
[149/317] for BCS = 3). The overall cumulative pregnancy rate (TAI 1 and TAI 2) was
68.5% (692/1010) and was affected by the treatment group and BCS (P < 0.05). The
group effect represented a greater cumulative pregnancy rate in the EB-1 group than
in the EB-2 group (Fig. 6). Regarding to BCS effect, cows with a BCS = 3 had greater

cumulative pregnancy rate than BCS < 3 (Table 2).
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Figure 6 — P/Al 30-35 days after second TAI (%) and cumulative P/Al [TAI 1 + TAI 2] (%) in EB-1 and

EB-2 groups.
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Source: (SILVA, A. G., 2021).

Note: Significant differences were declared at P < 0.05 and a tendency was declared when P < 0.1

and P > 0.05.

3.3.2 Subgroup submitted to daily ultrasound scanning

A new FWE was detected in 31 out of 37 cows enrolled in the daily scanning.

The remaining cows (16.2% [6/37]; five from the EB-1 group and one from the EB-2

group) were all pregnant females, which a FWE was not detected or the dominant

follicle persisted until D22.

For the FWE data from D14 to D22 (Fig. 7), when all cows were considered

regardless the pregnancy status, the proportion of cows with a detected FWE

between D14 and D22 tended to be greater (P = 0.09) in the EB-2 group (94.7%

[18/19]) than in the EB-1 group (72% [13/18]). Also, the proportion of cows with a

synchronized FWE (from 3-5 days after treatment) tended to be greater (P = 0.06) in

the EB-2 (94.4% [17/18]) than in the EB-1 group (61.5% [8/13]). The day of a new

FWE was earlier (P < 0.05) in the cows of EB-1 (day 17.2 + 0.5) than EB-2 (day 18.2
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+ 0.2) group. A difference in dispersion of the FWE between both groups was not

detected (P > 0.1) by Bartlett’'s test (Fig.7).

Figure 7 — Individual values to day of follicular wave emergence (FWE) between EB-1 and EB-2
groups.
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Notes: Individual values to day of follicular wave emergence in pregnant (e) and non-pregnant (o)
cows according to experimental groups. The horizontal bars represent the arithmetic mean for each
treatment. The dispersion of the detected day of FWE did not differ among the treatment groups when
analyzed by Bartlett’s test (P > 0.1).

However, when the follicular characteristics were analyzed separately for non-
pregnant animals, the proportion of cows with a FWE occurring between D14 and
D22, and with a synchronized FWE (from 3-5 days after EB treatment) did not differ
(P > 0.1) between groups (Table 3). Regarding the follicle size and follicle growth rate
in non-pregnant cows (Table 3), the mean diameter of the largest follicle on D22 and
at TAI did not differ (P > 0.1) between EB-1 and EB-2 groups. Also, the growth rate
(mm/day) of the largest follicle from FWE to the P4 device withdrawal (D22) did not
differ (P > 0.1) between the groups. However, the largest follicle growth rate from P4
device withdrawn (D22) to TAI (D24) was greater (P < 0.05) in the EB-1 than EB-2
group. Lastly, the growth rate of the largest follicle from FWE to TAIl tended to be
greater (P = 0.07) in the EB-1 than EB-2 group. The proportion of non-pregnant cows
detected on D22 by Doppler ultrasonography that ovulated within 48 h after the

second TAI did not differ (P > 0.1) between EB-1 and EB-2 groups (Table 3).
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Table 3. Ovarian characteristics in non-pregnant cows resynchronized with 1 or 2 mg EB associated to
a P4 device at 14 days post-TAl.

End point EB-1[n=7] EB-2[n=7] Pvalue
Proportion of cows with a detected FWE, % 2 100 [7/7] 100 [7/7] 1
Proportion of cows with a synchronized FWE, % ° 86 [6/7] 100 [7/7] 1
Follicular wave emergence, days ° 176 +0.4 17.7+0.4 0.67
Structural luteolysis, days ¢ 206+£0.4 19.3+0.4 0.04
Size of largest follicle, mm ©

On D22 12+1.0 11.5+1.0 0.8

On D24 151+1.0 13.4+1.0 0.2
Growth rate of largest follicle, mm/day

Emergence to D22 16+0.1 1.6+0.1 0.7

D22 to D24 1.6+0.2 09+0.1 0.03

Emergence to D24 1.6+0.3 14+01 0.07
Proportion of cows ovulated 48h after TAI, % 100 [7/7] 100 [7/7] 1

Source: (SILVA, A. G., 2021)

Notes: * Cows with a detected new FWE during the protocol period ® Cows with a detected new FWE
occurring between 3 to 5 days after the treatment (D17-19); © Defined by means of a retrospective
evaluation, when the dominant follicle first appeared between 4 and 5 mm; 4 Defined by a retrospective
evaluation as the day when the CL presented for the first time a blood perfusion < 25%; ¢ Measured by
taking the mean of the maximum length and width using the caliper function; "Was confirmed by
disappearance of largest follicle at the ultrasonographic exam 48 h after TAI.

The time of structural luteolysis in EB-2 group was anticipated (P < 0.05) when
compared to the EB-1 group (Table 3). When the data of area and blood perfusion of
CL were analyzed over D14 to D22 (Fig. 8), only a significant (P < 0.05) interaction of
pregnancy status by time was observed for both characteristics. For non-pregnant
cows, as expected, the CL area and blood perfusion decreased progressively from
D18 to D22, regardless treatment group. For pregnant cows, the CL area and blood
perfusion did not differ (P > 0.1) over the D14 to D22. Although a significant
interaction of treatment group by pregnancy status or a triple interaction treatment
group by pregnancy status by time were not detected, the effect of treatment group
was also evaluated separately in a post-hoc analysis for pregnant and non-pregnant
cows. A significant effect of treatment group or interaction of treatment group by time

were also not detected for both CL characteristics.
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SEM CL area (cm?® and blood perfusion in beef cows submitted to a

resynchronization of ovulation program 14 days after TAI.
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Notes: Mean + SEM CL area (cm? and blood perfusion in pregnant (n = 19) and non-pregnant (n =
14) beef cows submitted to resynchronization protocol at 14 days after TAI. The interaction of
pregnancy status by time (PS*t) is indicated. Data from D14 was used as a covariate. The asterisk (*)
indicates differences (P < 0.05) between pregnancy status from D18 to D22.

3.4 DISCUSSION

A dose of 1 mg EB associated with an intravaginal P4 device on D13 or 14

post-TAl is sufficient to synchronize the FWE in heifers (MOTTA et al., 2020) and is

not a risk to disturb a pre-existing pregnancy in beef cattle (MOTTA et al., 2020;

PALHAO et al., 2020). In dairy cattle, lactating cows had a greater basal liver blood

flow than non-lactating cows. This high liver blood flow in lactating cows was

probably to chronic effects of a high nutritional plane.(SANGSRITAVONG et al.,

2002), Furthermore, beef cows are heavier than beef heifers (DISKIN; KENNY,

2014). Therefore, due to these two factors, the use of 2 mg EB is recommended for

synchronization of FWE in cows (BO et al., 2002; PESSOA et al., 2015). However,

the effects of 2 mg EB treatment administered close to the period of maternal

recognition of pregnancy on FWE and establishment of pre-existing pregnancy in

suckled Bos indicus cows are not known. Therefore, we compared in the present

study the use of 1 or 2 mg EB at the beginning of a resynchronization protocol at 14

10 s[euBls 10j0d UM Ba.e wnajn|sndiod
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days post-TAl in suckled Nelore cows, and the results indicated that 1 mg EB is safer
and results in satisfactory pregnancy rates in the resynchronized cows.

The first important factor for developing a hormonal protocol for
resynchronization of ovulation is that the treatments need to be efficient to induce
follicle turnover and a new synchronized FWE for a second TAI. Our hypothesis that
the 2 mg EB induces a more synchronized FWE than 1 mg was partially supported.
The suckled cows treated with 2 mg EB presented later FWE and a greater
proportion of synchronized FWE (3-5 days after treatment), regardless the pregnancy
status; whereas, when the characteristics of FWE (mean day, dispersion and
proportion of cows with a synchronized FWE) were analyzed separately only in non-
pregnant animals, no difference between 1 and 2 mg EB was observed. To our
knowledge, the comparison of 1 vs. 2 mg EB have not been reported in suckled beef
cows for resynchronization of ovulation at the second week after TAl. Nonetheless,
Pessoa et al. (2015) reported that suckled Nelore cows receiving 2 mg EB on day 22
after TAlI have lesser dispersion of FWE and greater pregnancy rate at
resynchronization than their counterparts receiving 1 mg EB. This difference between
studies could be associated with the different moments when the resynchronization
protocol started. The herein resynchronization program started in the middle-late
diestrus, when almost 90% of the cows had an active CL secreting P4. The
resynchronization program carried out by Pessoa et al. (2015), starts on day 22 after
TAIl, when is expected the greatest proportion of non-pregnant cows at pro-estrus,
estrus or metestrus stages (FORDE et al.,, 2011; PUGLIESI et al., 2014,
FERNANDES et al., 2021). In addition, in our preliminary study (Chapter 1; Silva et
al., 2021), no difference was observed in FWE among suckled Nelore cows treated

with 1, 1.5 or 2 mg EB associated to a P4 device at the beginning of synchronization
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protocol in a random day of estrous cycle. Burke et al. (2000), demonstrated in non-
lactating Holstein cows that the administration of 1 mg EB associated with a P4
device on day 13 of the estrous cycle induces follicle turnover of the dominant
second wave follicle, regardless of the follicle size. Corroborating with the outcomes
of our study, early studies indicate that the administration of 1 mg EB in lactating
dairy cows on days 12, 13 or 14 after insemination induces a new FWE 4 to 5 days
after EB treatment (MACMILLAN; TAUFA; DAY, 1997). All together, these results
support that 1 mg EB could be also efficient for synchronization of FWE in beef
animals.

Besides the effects on follicle dynamics, for resynchronization of ovulation in a
period when the pregnancy status from previous TAl is not known, treatments should
also not be harmful to CL function and pregnhancy establishment. Although the
association of P4 and E2 esters is commonly used in TAI protocols, luteolysis is
induced by E2 or E2 esters treatments after 10 to 14 days of P4 exposure in non-
pregnant heifers (ARAUJO et al., 2009; PUGLIESI et al., 2011; 2012). Pugliesi et al.
(2011) reported that the prominence of PGFy4 pulses, the luteolytic agent, increases
with increasing dose of 17-f E2 (0.01, 0.05 and 1 mg) on day 14 after ovulation in
Holstein heifers. In our study, luteolysis occurred about 1 day earlier in the group of
cows treated with 2 mg EB compared to the group treated with 1 mg EB. The
mechanisms involved in this anticipation are expected to be related to the uterine
expression of receptors for E2 (ESR) and oxytocin (OXTR), which are fundamental
for triggering luteolysis in cattle. At late diestrus, P4 downregulates the expression of
its own receptors (MCCRACKEN; CUSTER; LAMSA, 1999). This allows for increase
in ESR and OXTR synthesis. In a regular estrous cycle, the increase in OXTR

expression is facilitated by elevated circulating E2 concentrations, coming from the
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follicles, and reduced P4 concentrations. Finally, the pulsatile secretion of OXT by
neurohypophysis and corpus luteum associated to the increased expression of
OXTR leads to release of luteolytic pulses of PGF,; (MCCRACKEN; CUSTER,;
LAMSA, 1999). Similarly, treatments with 1 or 5 mg 17-p E2 on day 15 of the estrous
cycle in Nelore females up-regulates the transcription of OXTR between 3 and 4
hours after treatment (FELTRIN, 2020; OLIVEIRA et al., 2021). Motta et al. (2020)
also reported that luteolysis was anticipated in resynchronized non-pregnant heifers
receiving 1 mg 17-p E2 or EB 14 days after TAlI compared to the control group, which
received only a single intravaginal P4 device. Therefore, our running hypothesis is
that the expected increase in circulating E2 when cows received 2 mg EB results in a
rapid upregulation of OXTR expression, leading the anticipation of luteolysis.
Although the E2 role in triggering luteolysis is known, our expectation was that
the interferon-tau (IFNT) from conceptus will prevent expression of endometrial
receptors (ESR and OXTR), inhibiting the E2-induced pulsatile secretion of PGFyq
and allowing pregnancy establishment in EB-treated pregnant cows (SPENCER et
al.,, 2007; ROCHA et al., 2021). However, the hypothesis that the pregnancy
establishment from the first TAI is not impacted by increasing the EB dose from 1 to 2
mg was not supported. We observed for the first time that 2 mg EB when
administered associated to an intravaginal P4 device at day 14 post-TAl results in
negative effects in pregnancy establishment from first TAI. That is, cows receiving 2
mg EB compared to 1 mg EB had lesser pregnancy rates, and greater potential
pregnancy loss after first TAI. Although the endometrial secretion of PGF,, was not
determined in the present study, the negative effects of 2 mg EB on pregnancy
maintenance may be partially related to induction of endometrial release of

sequential luteolytic PGF,, pulses. In this regard, our group recently reported
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(MOTTA et al., 2021) that treatment with 1 mg E2 for resynchronization at day 14
after TAI induces pulses of PGF,, in pregnant heifers; however, more studies are
needed to assess the effect of different EB doses on the endometrial receptors and
PGF,4 release in pregnant animals.

Interestingly, the greatest negative effect that supports that 2 mg EB is not
indicated to resynchronize beef cows 14 days after TAlI was the potential embryonic
loss rate between D22 and D30-35. This rate was doubled in cows treated with 2 mg
EB; whereas, based on presence of an active CL, a lesser impact (23.7% increase)
was observed for the potential early embryonic loss between D14 and D22. This
finding is a further indication that elevated E2 concentrations negatively impact
pregnancy during the third week of gestation, but its major effect is probably on the
subsequent embryo development and maintenance (from 22 to 30-35 days of
pregnancy). We postulate that two factors may be associated in causing this greater
potential late embryonic loss in cows receiving 2 mg EB. Firstly, the luteolysis may
have been postponed by either the P4 device maintenance until D22 or by the
conceptus-induced changes in the uterus previously to embryo loss. In this regard,
elevated P4 concentrations inhibit LH pulsatility, therefore, there is a smaller follicular
diameter and, consequently, a lesser E2 production/secretion by the follicle
(BATISTA et al., 2017; DIAS et al, 2021). Also, embryo recipient cows
resynchronized with two intravaginal P4 devices 13 days post-estrus had a smaller
dominant follicle and lesser proportion luteolysis detection on day 22 than cows
resynchronized with a single P4 device (ATAIDE et al., 2018). Then, when the P4
devices is removed on D22 in the present study, the secretion of E2 by the dominant
follicle may has increased and induced luteolysis. Regarding the long-term effects of

conceptus on CL, pregnancy losses occurring on day 16 or after may prolong the
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luteal phase (NORTHEY; FRENCH, 1980; WILTBANK et al., 2016). Alternatively, our
second postulation is that the 2 mg EB treatment may have directly impaired the
conceptus development, which did not modify it signaling (IFNT secretion) for
maintenance of CL, but impact on trophectoderm for adequate placentation process.
Further investigations are needed to unravel the E2 actions during the third week of
pregnancy, and whether it has a direct effect on the conceptus, CL or even on uterine
environment.

Based on the present and previous studies also using EB doses greater than 1
mg (COLAZO et al., 2006; MACHADO et al., 2008; VIEIRA et al., 2014), is suggested
that a dose-dependent effect of EB treatment on pregnancy established occurs. Also,
the EB treatment in the period prior to maternal recognition of pregnancy seem to be
influenced by factors such as timing of treatment, parity order, and metabolic status
(CUTAIA et al.,, 2002; EL-ZARKOUNY; STEVENSON, 2004; VIEIRA et al., 2014;
MOTTA et al., 2020). There is consistency in previous studies that using 1 mg EB
associated with an intravaginal P4 device on days 12, 13 or 14 after TAI there was
no harmful effect to the pregnancy established from first TAI (MACMILLAN; TAUFA,
DAY, 1997; CUTAIA et al., 2002; EL-ZARKOUNY; STEVENSON, 2004; MOTTA et
al., 2020; PALHAO et al., 2020; VIEIRA et al., 2021). On the other hand, when a 50%
higher dose (1.5 mg) of EB (VIEIRA et al., 2014) or 173-E2 (COLAZO et al., 2006)
was used associated with a P4 device, authors reported controversial effects on the
pregnancy of dairy cows and beef heifers. In dairy cows, the pregnancy rate from first
TAI was lower in the group resynchronized with 1.5 mg EB plus a P4 device (14.9%
[13/87]) than in the control group (32.6% [28/86]). Harmful effects on pregnancy were
also reported by Machado et al. (2008); however, a dose of 5 mg 173-E2 on day 12

after TAlI was used. In beef heifers, Colazo et al. (2006) reported that the pregnancy
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rate from first TAl did not differ between the control group (47.3% [44/93]) and the
group of cows receiving 1.5 mg 17B-E2 associated with a P4 device and 50 mg of
injectable P4 (49.5% [46/93]). Also contrary to the results in our study, Elliff et al.
(2019) in a study with a limited number of animals, reported that there was no
difference in the pregnancy rate of Nelore cows resynchronized on day 14 after TAIl
with 2 mg EB+100mg iP4 or with 100 mg iP4 associated with a P4 device. Therefore,
a possible factor associated with these contradictory effects on pregnancy
establishment is the ratio between circulating E2 and P4 concentrations (E2:P4) at
the beginning of resynchronization program. Studies which in addition to E2
treatment, the P4 was administered, the effects of P4 may overcome the EB effects
on endometrial factors involved in triggering luteolysis, but this hypothesis needs
further investigation. Another factor that may have contributed to an increased
between circulating E2:P4 was the use of devices previously used for 8 or 16 days in
our study. Lower circulating P4 concentrations are observed when using previously
used P4 devices compared to new devices (SALES et al.,, 2015). Therefore, a
greater E2:P4 at the beginning of resynchronization when using 2 mg EB and a used
P4 device may have up regulated the ESR and OXTR in the uterus, leading to
induction of luteolysis in part of pregnant animals.

The third hypothesis that cows receiving 2 mg EB would have a greater
pregnancy rate at resynchronization was not supported. Pregnancy rate at the
second TAIl was not affected by the EB dose. In this regard, Palhdo et al. (2020),
using 1 mg EB associated to a P4 device 13 days after TAI reported pregnancy rates
in suckled beef cows submitted to the second TAI similar (42.8%) to those observed
in our study (47%). Unexpectedly, in our first experiment, follicular growth rate

between D22 and D24 were greater for cows receiving 1 mg EB compared to 2 mg.
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Also, growth rate from FWE to D24 tended to be greater in cows receiving 1 mg EB.
However, in the Experiment 2, where a large number of animals were evaluated,
these differences between EB doses were not sustained. Therefore, when the P4
concentrations are elevated as at the beginning of resynchronization at D14 after
TAI, both 1 or 2 mg EB induce the emergence of a new synchronized follicular wave
and a dominant follicle of similar size. This reflected in a similar pregnancy rate at
resynchronization started 14 days after TAI in suckled Nelore cows. Therefore, the
present and previous results from Palhao et al. (2020) support a high effectiveness of
using 1 mg EB for starting resynchronization 13 or 14 days after TAI.

Also, it is knowledge that greater pregnancy rates at the beginning of the
breeding season impact both subsequent maternal reproductive performance and the
productive performance of calves (SA FILHO et al., 2013; BARUSELLI et al., 2017).
In this regard, Ojeda et al. (2021) compared different types of resynchronization
strategies and reported that when performing two TAIs within an interval of 24 days it
is possible to reach 75% of pregnancy rate and this represents the reproductive
program with the best technical performance. In our study, after two TAIs with an
interval of 24 days, the cumulative pregnancy rate (TAI 1 + TAI 2) was close to that
indicated by Ojeda et al. (2021) only when cows received 1 mg EB (73%). The
negative effects of increasing the EB from 1 to 2 mg on establishment of the pre-
existing pregnancy associated with the no improvement of the pregnancy rate at the
second TAIl contributed to a lesser cumulative pregnancy rate (64%) in cows
receiving 2 mg EB. Therefore, for an efficient reproductive performance in suckled
beef cows submitted to two TAIls within 24 days, 1 mg EB is the recommended dose

for beginning of resynchronization.
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Lastly, the impact of BCS has on fertility in cows is well known. In our study,
although the interaction between BCS and treatment was not observed, significant
effects of BCS were observed in several overcomes from first TAI. Proportion of cows
bearing an active CL at D14 or D22 and pregnancy rates at D30-35, as well as
cumulative pregnancy rate were decreased in cows with BCS < 3 than those with
BCS = 3 (in a BCS scale from 1 to 5). More interestingly, the reduction in these
fertility outcomes in cows with BCS < 3 increases progressively at the time points
evaluated during early pregnancy. This was indicated by 10%, 20% and 25%
reduction, respectively, for proportion of CL on D14 and D22, and pregnhancy rate at
D30-35 in cows with BCS < 3. The present novel results of proportion of active CL on
D14 after TAI indicated that an important cause of lesser pregnancy rate in cows with
low BCS (<3) is a lower ovulation rate at the first synchronization. This result is
probably a consequence of reduced LH support during dominant follicle growth and
reduced pre-ovulatory follicle in cows with low BCS (NISHIMURA et al., 2018). Cows
with adequate BCS ovulate larger follicles with greater E2 concentrations, which in
turn, better modulate the uterine environment and results in better quality CL that
produce a greater P4 concentrations, contributing to a greater pregnancy rate
(BINELLI et al., 2014; SALES et al.,, 2015; NORONHA et al., 2020). In addition to
impairing the ovulation response in TAI protocols, potential embryonic loss tended to
be greater in cows with BCS < 3, indicating that BCS also impact the pregnancy
maintenance of animals from first TAI. Therefore, the present results indicate that the
lower pregnancy rate often observed in animals with BCS < 3 is caused by an
association of reduced ovulation rate in response to TAI protocol and an increase in

early pregnancy loss, mainly after the period when placentation process starts.
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3.5 CONCLUSIONS

In conclusion, the use of 1 or 2 mg EB is efficient in promoting a new FWE when
the circulating concentrations of P4 are elevated. The decreased pregnancy rate
from first TAI observed in the group of cows receiving 2 mg indicates that this dose is
not recommended for use close to maternal recognition of pregnancy, as in
resynchronization programs initiated 14 days after TAl. Considering the satisfactory
pregnancy rates in the first and second TAIs, the use of 1 mg EB associated with a
P4 device provides an elevated cumulative pregnancy rate after two TAIls with an
interval of 24 days. Furthermore, suckled beef cows with a low body condition (BCS
< 3) have a decreased ovulation response to the first TAI and tend to have an
increased potential late embryonic loss, which result in lesser pregnancy rate

compared to cows with BCS = 3.

4. FINAL CONSIDERATIONS

Synchronization and resynchronization protocols based on the association
between E2 and P4 are widely used in beef farms with high use of reproductive
biotechnologies. Thus, the two studies that make up this dissertation showed the
efficiency of EB in promoting follicular turnover and synchronization of a new FWE.
To evaluate the effect of different EB doses in the first postpartum synchronization,
we carried out a preliminary experiment with a reduced number of animals. This
primary data obtained encourage us to investigate more about the effect of EB doses
on the fertility of animals and also about the effect that the parity order has on the
response to estrus synchronization and ovulation protocols for TAIl. Therefore, given
the scarcity of studies evaluating different EB doses in synchronization protocols in

suckled Bos indicus cows, our study, provides support for further research on
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adjustments to synchronization protocols in this genetic group widely spread in our
country as well as Nelore breed and its crosses.

Regarding the initiation of resynchronization of ovulation close to the period of
maternal recognition of pregnancy, it is not a new strategy. However, initial studies
since the 90's were based on the return to estrus to identify non-pregnant cows. More
recently, with the possibility of detecting Iluteolysis through color-Doppler
ultrasonography with high accuracy between days 20-22 post-TAl, there has been an
intensification of studies on resynchronization at the second week of gestation.
Based on the results of the study, which was the first to compare EB doses in the
period close to maternal recognition of pregnancy, we were able to answer which
dose is indicated for resynchronization protocols started at 14 days after TAIl in
suckled Bos indicus beef cows. However, a wide range was opened for us to study
the physiological processes involved in the dose-dependent effect observed in our
study. Thus, it will be possible to unravel the physiological processes involved in
triggering the release of PGF,, induced by estradiol during the critical period in
pregnant animals and the dynamics of the expression of endometrial ESR and
OXTR. In addition, the effect of estradiol on conceptus development during the
second and third weeks of gestation is still unknown.

As indicated by previous studies, the response E2 treatment close to the
recognition maternal of pregnancy appears to be influenced by several factors such
as genetic group, parity order, metabolic status and timing of administration. In view
of this, the dose comparison can also be explored considering these factors and the
effects in dairy cattle. Furthermore, as indicated in the herein study, the use of
previously used P4 devices may have contributed to a greater E2:P4 ratio, leading to

a rapid increase in endometrial ESR and OXTR. Thus, it is also necessary to
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consider the possibility of providing greater P4 concentrations through inserting
devices releasing greater P4 amounts in circulation, which will reduce the E2:P4
ratio. Also in this context, we can consider other estradiol esters to synchronize FWE,

which do not induce an elevated E2 peak in circulation, such as estradiol valerate.
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