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From the SBTE President 
 
Dear colleagues, 
 
It is with great pleasure that I welcome you to the 32th Annual Meeting of the Brazilian Embryo Technology Society 
(SBTE-2018), at the Costão do Santinho Resort, Florianópolis – Santa Catarina, Brazil. We are also especially 
honored to present the meeting proceedings, considering that this is our fourth joint publication with the Association 
of Embryo Technology in Europe (AETE). I am strongly optimistic about this ongoing partnership and we are 
grateful to AETE for their efforts in contributing to the pronounced quality of these proceedings. 
 
I would like to especially thank our Scientific Committee (Drs. Vilceu Bordignon, Luiz Pfeifer and Bernardo 
Gasperin), who organized a spectacular program with an outstanding group of speakers, enabling the discussion of 
substantial issues regarding embryo production and fertility. I would also like to thank our speakers and our 
workshop coordinators, for their kindness in sharing their time and knowledge, thus greatly contributing for the 
remarkable quality of the meeting. 
 
We also greatly thank our sponsors: CNPq, CAPES and partner companies, particularly the partner companies of the 
SBTE condominium, for their great contribution in making this meeting possible.  
 
Thank you all SBTE members, for supporting our society in so many ways through the decades. 
 
Finally, my sincere and special thanks to all SBTE directors, whose hard work has made this meeting possible. 

 
Best regards, 

 
Marcelo Marcondes Seneda 
SBTE President (2018-2019) 
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From the AETE President  
 
Dear Colleagues,  
 
We are pleased to announce the 34th Annual Scientific Meeting of the European Embryo Transfer Association 
(AETE), which will be held in the Nantes, a city on the Loire River in the Upper Brittany region of western France, 
from the 7th to the 8th of September 2018.  
 
As we come to the fourth year of joint publications between AETE and SBTE in a special issue of Animal 
Reproduction, I would like to personally thank Marcelo M. Seneda, current President of SBTE, as-well-as the SBTE 
scientific committee, Teresa Mogas-AETE Secretary, and the Editorial Board headed by Felipe Perecin of Animal 
Reproduction. This fruitful collaboration is further enhanced by a representative from each society attending the 
opposite annual meeting. This year I have the pleasure to represent AETE to the SBTE annual meeting in 
Florianopolis, Brazil while Dr. Marcelo M. Seneda will be representing SBTE to the AETE annual meeting in 
Nantes, France. Both meetings will be excellent scientifically and socially for all participants.  
 
The scientific program put together by the board of AETE is inspiring covering most interests of our members. 
Staring with Dr. Marcelo M. Seneda, University of Lodrina, Brazil who will talk about “Antral follicle populations 
and embryo production”, while Prof. Helen Picton, University of Leeds, U.K, will give an overview on 
“Preservation of female fertility in humans and animal species”. Dr. Pablo Bermejo-Alvarez, INIA, Spain, will 
provide an outline on the “Directions and applications of CRISPR technology in livestock research” followed by Dr. 
Fabienne Nuttinck, University of Paris Saclay, France on “Oocyte related factors impacting on embryo quality: 
relevance for “in vitro” embryo production”. We will have 17 short oral communications including the student 
competition and two workshops. Workshop I will be managed by Dr. Francis Fieni, Ecole Nationale Veterinaire, 
Nantes, France on “Sanitary and regulations on embryo transfer”, while Workshop II will be leaded by Dr. Teresa 
Mogas, University Autonoma of Barcelona, Spain on “Preservation of IVF embryos”. This year we have over 80 
accepted abstracts to be presented as posters. 
 
It is a great honor for all members of the AETE Board, and for me personally, to present Prof. Patrice Humblot, 
Swedish University of Agricultural Sciences, Sweden as the 2018 AETE Medallist. Prof. Humblot have been 
working in applied research in UNCEIA (National Union of French Breeding companies) in the field of ruminant 
reproduction from 1978 to 2010. His main scientific topics of interest have been: female reproductive function, 
embryo mortality, in vitro embryo production, and embryo genotyping. In 2010 he joined the Division of 
Reproduction, Department of Clinical Sciences, Faculty of Veterinary Medicine and Animal sciences, SLU, Uppsala 
(Sweden) as Professor in Reproductive Physiology. Currently his research focusses on the use of phenotypic 
characterization and of various molecular approaches with the aim to identify markers of reproductive robustness in 
animals exposed to metabolic imbalance or to infection. His scientific contributions are recognized internationally. 
Prof. Humblot has been a member of the AETE family since the early days.  
 
Every annual meeting of our society depends also on the support of our sponsors (until 2nd of July 2018): Main: 
[Vetoquinol]; General: [Ceva] [imv TECHNOLOGIES] [Nantes Metropole]; Exhibitors: [APIS-GENE] [Bodinco] 
[COOK MEDICAL] [DRAMINSKI] [EGG TECH] [HuVe Search] [icp REPRODUCTION] [INRA] [ivf 
BIOSCIENCE] [IVF tech] [minitube] [Nikon] [PETS] [STIMUFOL] [Zoetis]; Supporters: [Allice] [dominique 
Dutscher] [EmbryoCloud] [EVOLUTION] to whom we are deeply grateful.  
 
Last but not least a great “thank you” to all AETE Board members for their support through the year and the LOC, 
chaired by Daniel le Bourhis turning this meeting into a great event for all our members.  
We look forward to seeing you in Nantes.  
 
Dimitrios Rizos, PhD 
AETE President 
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From the Chairs of the SBTE Scientific Committee 
 
Dear friends and colleagues,  
 
We are delighted to welcome you to the 32nd Annual Meeting of the Brazilian Society of Embryo Technology 
(SBTE), which will be held from August 16 to 19, 2018, in Florianópolis, SC, Brazil.  
 
This special issue of Animal Reproduction contains the full papers from invited speakers of both the SBTE and the 
Association of Embryo Technology in Europe (AETE) annual meetings. We express our gratitude to the editorial 
board and staff of the Animal Reproduction Journal for their support and collaboration in organizing and publishing 
the joint proceedings of the annual meetings of the SBTE and AETE. 
 
For SBTE 2018, we have prepared a special meeting with two complementary programs: on August 17, a 
technology-oriented program will cover topics of major interest to professionals working in the field, and on August 
18, a science-oriented program will cover fundamental aspects on reproductive biology, oocyte/embryo 
development, and new biotechnologies. We thank all the speakers for their commitment and efforts in preparing the 
review articles, their kind willingness to comply with our deadlines, and for their oral presentations during the SBTE 
meeting.  
 
The SBTE 2018 program will start on the afternoon of August 16, with six workshops that were planned and 
developed to serve the diverse interests of all SBTE members. Participants will have the opportunity to attend the 
workshop of their interest where renowned professionals and scientists will be sharing their experiences and 
research findings. We are grateful to the workshop presenters and coordinators for their enormous contributions, 
especially their dedication to the planning and developing of each topic. 
 
The SBTE program will continue during the opening ceremony on August 16 when Dr. Daniel Salamone, President 
of the International Embryo Transfer Society (IETS), will present an update on worldwide embryo production. 
 
We would like to express our gratitude to the coordinators of the abstract sessions, to the reviewers of abstracts and 
manuscripts, and to colleagues who evaluated the abstracts for the competitions and awards. This year more than 
250 abstracts were received and carefully evaluated. Thank you all for your time and effort dedicated to the review 
process. 
 
We would like to highlight the tremendous work, dedication and contributions of all members of the SBTE Board in 
making this meeting possible. 
 
Finally, we thank all the SBTE members and participants for their attendance at the SBTE 2018 annual meeting. 
 
 
Bernardo Garziera Gasperin 
Luiz Francisco Machado Pfeifer 
Vilceu Bordignon 
Co-Chairs of the SBTE Scientific Committee (2018-2019) 
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Abstract 
 

The development of genetically modified 
livestock has been dependent on incremental 
technological advances such as embryo transfer, 
homologous recombination, and somatic cell nuclear 
transfer (SCNT). This development rate has increased 
exponentially with the advent of targeted gene modifiers 
such as zinc finger nucleases, TAL-effector nucleases 
(TALENs) and clustered regularly interspaced short 
palindromic repeats (CRISPR-Cas). CRISPR-Cas based 
systems in particular have broad applicability, and have 
low technical and economic barriers for their 
implementation. As a result, they are having, and will 
continue to have, a transformational impact in the field 
of gene editing in domestic animals. With these 
advances also comes the responsibility to properly apply 
this technology so it has a beneficial effect throughout 
all levels of society. 
 
Keywords: domestic animals, gene editing.  
 

Introduction 
 

Embryo culture and embryo transfer, 
pronuclear injection, homologous recombination: 
technical advances that gradually made it possible to 
generate genetically modified large animals such as 
pigs, cattle and sheep. While each of these incremental 
advances have impacted the field, two have had such a 
large impact as to be properly defined as 
transformational. They are somatic cell nuclear transfer 
(SCNT), and site-specific gene editing via targeted gene 
modifiers, including zinc finger nucleases (Le Provost et 
al., 2010), TAL-effector nucleases (TALENs; Christian 
et al., 2010) and clustered regularly interspaced short 
palindromic repeats (CRISPR-Cas; Jinek et al., 2012). 

Our previous inability to isolate and culture 
embryonic stem cells (ES) from domestic species to 
generate transgenic animals prevented the 
implementation of techniques such as homologous 
recombination (HR) (Gonçalves et al., 2014; Koh and 
Piedrahita, 2014). In spite of over thirty years of work in 
this area, no ES cell lines from domestic species have 
been isolated that allow the practical and efficient 
generation of transgenic animals (Koh and Piedrahita, 
2014). Thus, while techniques such as HR using ES 

cells to create germ-line chimeras became the norm to 
generate transgenic mice, these approaches could not be 
used in domestic species; that is, until the advent of 
SCNT. From the initial observation of Keith Campbell 
and Ian Wilmut that sheep could be cloned from a 
somatic cell using SCNT (Campbell et al., 1996), 
multiple groups rapidly moved to genetic modification 
of somatic cells in vitro followed by SCNT. This led to 
the first reports of SCNT-generated transgenic sheep 
(Schnieke et al., 1997), pigs (Dai et al., 2002) and cattle 
(Cibelli et al., 1998). And these initial reports included 
application of HR in somatic cells before transfer 
(McCreath et al., 2000). As a result, there was 
tremendous excitement in the field and most, if not all, 
laboratories worldwide working in the area of genetic 
modification of domestic animals quickly moved to 
implement SCNT. While this transition was successful 
for many groups, gene targeting by HR remained a 
significant barrier. For reasons that are still not well 
understood, HR in somatic cells is extremely inefficient 
and in spite of significant efforts by many groups, only 
a few gene targeted animals were generated (reviewed 
by Prather et al., 2008; Aigner et al., 2010; Piedrahita 
and Olby, 2011.  

That all changed with the development of gene 
editing using targeted DNA endonucleases such as Zinc 
Finger Nucleases (ZFN), Tal Effector Nucleases 
(TALENs), and CRISPR-Cas9 nucleases (Sander and 
Joung, 2014). All three approaches make gene targeting 
in any cell, including somatic cells, more efficient by 
several orders of magnitude (Gaj et al., 2013). Using 
pigs as an example, we show in Table 1 that the impact 
of this technology on the efficiencies of generating a 
transgenic pig is indeed transformational. While all 
three approaches (ZNFs, TALENs, and CRISP-Cas) 
have been used to develop gene edited domestic species, 
this review will concentrate on the CRISPR-Cas based 
systems. This is due to the lower costs, ease of use, and 
expanding repertoire of modified enzymes that further 
increase the utility of the system. We will cover 
applications that focus on gene editing (genetic 
modifiers) as well as approaches that modify gene 
expression by acting on the epigenome (epigenetic 
modifiers). While these epigenetic modifiers have not 
yet been fully implement in domestic animals, we feel 
they have tremendous potential as models for clinical 
applications in humans.  
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Table 1. Effect of site-specific DNA modifiers on multiple aspects of gene editing in mammals.  
Before site-directed DNA 
modifiers* 

After site-directed DNA 
modifiers 

References 

Homologous Recombination (HR) Homologous recombination and 
targeted NHEJ 

Smithies, 2001; Smithies et al., 1984; 
Smithies, 2008; Le Provost et al., 2010 

   
Long homology arms Short or no homology arms Vazquez et al., 1998; Sander and 

Joung, 2014; Suzuki et al., 2016;  
Brown et al., 2016 

   
Selectable markers No selectable markers Smithies, 2008; Gaj et al., 2013 
   
Single gene Multiple genes Smithies, 2008; Piedrahita et al., 1992; 

Park et al., 2017 
   
Single allele Both alleles Fu et al., 2013 
   
Only cultured cells Cultured cells and direct zygotic 

injection 
Dai et al., 2002; Hai et al., 2014 

   
Overall frequency of HR 1 in a 
million 

Overall frequency of targeted 
gene editing 100% 

Smithies, 2008 

   
Only dividing cells Dividing and non-dividing cells Yao et al., 2017 
   
Global but not targeted epigenetic 
modifications 

Single and multi loci targeted 
epigenetic modifications 

Ng and Bird, 1999; Zhou et al., 2018 

   
Frequency too low for in vivo or ex 
vivo clinical applications  

Frequency high enough that in 
vivo or ex vivo clinical 
applications can be developed 

Wang et al., 2013; Hai et al., 2014 

*Includes both genetic and epigenetic modifiers. 
 

CRISPR-Cas editors 
 

Originally derived from bacteria as a defense 
against bacteriophages, investigators have harnessed the 
ability of CRISPR-Cas to recognize a specific DNA 
sequence and create a double-stranded break. As 
depicted in Fig 1, CRISPR-Cas has two functional 
components: a guide RNA (gRNA) and a CRISPR 
As

In the first, and most commonly used, 
CRISPR-Cas system derived from S. Pyogenes 
(SpCas9), the gRNA contains a 20 nucleotide sequence 
complementary to a DNA sequence that is directly 
upstream of a protospacer adjacent motif (PAM) 5’-
NGG. CRISPR-Cas systems from other bacteria such as 
Staphylococcus aureus (SaCas9) and Prevotella and 
Francisella (Cpf1) (Ran et al., 2015; Zetsche et al., 
2015) have different gRNA sequence and PAM 
requirements, but all create a double-stranded break at 
the target site. This results in a system that can be 
targeted to specific regions of the genome using the 
gRNA followed by a double stranded DNA cleavage via 
the Cas9 endonuclease (Sander and Joung, 2014). The 
cell then senses this DNA damage and activates DNA 
repair pathways. It is this process of DNA repair that 

forms the basis for gene editing using CRISPR-Cas 
systems. As shown in Fig. 1, the DNA damage can be 
repaired by multiple mechanisms. The most frequently 
used, the non-homologous end joining (NHEJ) pathway, 
recruits cellular machinery to ligate the cleaved ends 
back together. However, this system is error-prone and 
creates random insertions and deletions (indels) at the 
damaged site. If the indels are located in the coding 
sequence of the gene, they can create a frame-shift 
mutation and therefore an abnormal or absent protein. 
Thus, NHEJ is often used to inactivate genes. This is 
such a highly efficient system that it can generate loss of 
function of one (heterozygous mutant) or both copies of 
the gene (homozygous mutant; Table 1). Prior to 
targeted endonucleases, the only way to obtain 
homozygous mutants was through breeding 
heterozygotes, or by performing two rounds of genetic 
modifications using sequential SCNT (Kuroiwa et al., 
2004); neither of which are practical or easy to apply to 
domestic animals. This alone is transformational as, by 
avoiding the need for breeding, CRISPR-Cas induced 
NHEJ drastically reduces the time required to generate 
an animal or cell line devoid of a specific protein.  

sociated protein (Cas) nuclease. The gRNA is 
composed of an RNA sequence that recognizes the 
target DNA and an RNA region known as tracrRNA or 
transactivating CRISPR RNA. The Cas protein 
complexes with the gRNA and binds the target DNA.  

However, in some cases the goal is not to 
knock out a gene but to instead knock in or replace 
genes. This process, for instance, can be used for 
targeted insertion of a gene such as a fluorescent tag for 
cell or protein tracking, insertion of human genes, or 
addition of favorable agricultural traits. For targeted
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homology directed repair, the double stranded break in 
the target region requires a donor DNA construct 
containing regions of homology to either side of the cut 
site. The cell will then repair the double stranded break 
by two competing mechanisms, the NHEJ described 
above, or by homology-directed repair (HDR) resulting 
in incorporation of the donor DNA into the target 
region. This process is analogous to conventional HR 
with the main difference being that in conventional HR 
there is no induced double stranded break, only the 
donor DNA. Both conventional HR and HDR require 
cell division as DNA replication is an integral 
component of the homologous recombination process. 
As described in Table 1, without the DNA break, HDR 
occurs at frequencies of 0.000001% (1 in 10E56) or 
lower. In contrast, with a targeted DNA break, HDR 
occurs at frequencies ranging from 10% to as high as 
50%.  

But there are differences in the composition of 
the donor DNA as well. Conventional HR requires that 
the donor DNA contains several kb of homology to the 
target gene, as well as positive and negative selectable 
markers to enrich for those are cells that had been 
modified (Vazquez et al., 1998). As a result, the donor 
DNA plasmids are difficult and expensive to develop, 
some requiring several months to complete. In contrast, 
donor DNA used for HDR requires regions of homology 
ranging from a total of 1 kb to less than 100 bp, does not 
require selectable markers, and can be rapidly and 
inexpensively generated. This allows the use of two 
types of donor DNA, small oligo that can be used to 

modify small regions of the DNA and larger DNA 
donors that can be used to replace or insert (knockin) a 
gene or gene fragment into the desired target region 
(Sander and Joung, 2014).  

Recently, a new mechanism for gene insertion 
has been described for homology independent targeted 
integration (HITI; Brown et al., 2016; Suzuki et al., 
2016). By a process little understood at present, the 
double stranded break created by the CRISPR-Cas9 is 
repaired by an NHEJ-driven mechanism, does not 
require DNA replication, and results in the insertion of a 
donor DNA in the absence of any homology to the 
target region. It does, however, require that the donor 
DNA plasmids are also cleaved by a CRISPR-Cas9. 
What is more surprising is that the frequency of targeted 
insertions is higher using HITI that using HDR (Suzuki 
et al., 2016). Since then, similar approaches using 
micro-homology arms (<50 bp) or homology arms of 
less than 1 kb of total homology have been described 
that also work in non-dividing cells (Yao et al., 2017), 
referred to as Micro-homology Mediated End Joining 
(MMEJ) and Homology-Mediated End Joining (HMEJ), 
respectively. Interestingly, the efficiency of the different 
integration methods differs drastically depending on cell 
type. In mouse ES cells, for instance, HDR and HMEJ 
occur at approximately the same rate, while in mouse 
embryos, HMEJ is 5-10 fold more effective than HDR 
(Yao et al., 2017). In summary, multiple approaches 
that have been or are being developed allow the 
modification or inactivation of  essentially any gene in 
any cell type at high efficiency.  

 
 

 
 
Figure 1. Gene editing outcomes using targeted gene modifiers. A) gRNA complexes with Cas9 protein to bind a 
specific 20 nucleotide sequence in the target DNA. B) Cas9 nuclease initiates cell-based repair mechanisms to create 
changes in DNA sequence: Homology directed repair or HITI for gene insertion, non-homologous end joining for 
indels, or base editing for site specific nucleotide changes. C) Catalytically inactive Cas9 protein fused with 
transcriptional modifiers leads to targeted gene activation or repression. 
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Base editors 
 

While HDR and NHEJ are effective for knock-
outs and knock-ins, the advent of base editors 
introduces a new paradigm for therapeutic gene editing. 
Base editors are CRISPR-based enzymes that can 
catalyze the conversion of specific bases within a 
specified target window without a double-stranded 
break. The first base editors consist of a Cas9 nickase 
fused with a cytidine deaminase (APOBEC-1 or AID), 
which is directed by a gRNA to elicit a targeted C*G to 
T*A conversion (Komor et al., 2016; Shimatani et al., 
2017). The mechanism involves deamination of a 
cytidine, thereby converting it to a uridine, which pairs 
with an adenine upon cellular repair. Further iterations 
of base editors also allow for improved specificity of the 
target window to eliminate unintended conversion of 
cytosines neighboring the target base pair (Kim et al., 
2017). More recent advances also allow the conversion 
of T*A pairs to C*G pairs by replacing the cytidine 
deaminase with an adenosine deaminase (Gaudelli et 
al., 2017). In addition, base editors have been fused to 
other targeted endonucleases such as Cpf1 (Li et al., 
2018), allowing for targeting of sites with various PAM 
sequences.  

The use of base editors has several advantages: 
there is no longer a need to simultaneously deliver a 
repair template with the endonuclease, the lack of 
double-stranded breaks diminishes the chance of 
unwanted indels, and the specific activity window 
reduces the number of potential off-target sites 
(discussed below). However, base editors are still 
restricted in that they only can catalyze conversions 
between C*G and T*A base pairs, and only can target a 
small window which must be approximately 15 base 
pairs upstream of the PAM sequence. Future base 
editors must be more flexible to allow for editing of 
clinically relevant sites that are currently out of reach 
due to lack of appropriate PAM location or that require 
different base conversions. Furthermore, microinjection 
of a base editor into mouse embryos showed that its 
nickase activity can still introduce indels at a relatively 
high frequency (Kim et al., 2017). 

 
Approaches to generating gene edited offspring 

 
Unlike conventional HR, where the efficiencies 

are so low that in vivo applications in embryos or 
somatic tissue are impractical, the increases in gene 
editing frequencies associated with systems such as 
CRIPS-Cas make in vivo gene editing possible. While 
gene editing was initially carried out in cells in culture, 
in vivo applications quickly developed. Initial reports 
showed that direct injection of CRISPR-Cas9 into the 
cytoplasm of one cell mouse embryos resulted in 50/56 
(90%) of the offspring being modified via NHEJ (Wang 
et al., 2013). What was more surprising was the large 
number of offspring that had biallelic modifications 
45/56 (80%). These initial reports were soon confirmed 
in other species including domestic animals such as pigs 
(Hai et al., 2014), sheep (Crispo et al., 2015), goats 
(Wang et al., 2015) and cattle (Bevacqua et al., 2016). It 

was also applied to multiple loci at the same time 
resulting in the generation of multi transgenic offspring 
(Park et al., 2017). 

Initial reports of HDR by direct cytoplasmic 
injection were not as successful as NHEJ, suggesting 
that homologous recombination is not efficient in 
embryos, with frequencies ranging from 8 to 34% in 
mice (Yang et al., 2013). Approaches to enhance HDR 
were tested (Maruyama et al., 2015) with some success 
but it was not until NHEJ-dependent approaches were 
used that targeted insertion into zygotes became 
practical. The MHEJ system already described is highly 
efficient when used directly on embryos with over 25% 
of mouse embryos carrying the correct insertion and 
over 50% of non-human primate embryos generated by 
ICSI, followed by HMEJ, carrying the correct 
modification (Yao et al., 2017). In domestic species, 
HDR directly in embryos has been reported for pigs 
(Park et al., 2017) and goats (Niu et al., 2018) with 
efficiencies ranging from 15 to 50%. Of concern, 
however, is that in addition to the HDR-mediated 
insertion into one allele, the remaining allele was 
mutated via NHEJ. Thus, a large number of offspring 
need to be generated to create one carrying the desired 
insertion but without a mutation in the other allele.  

This leads to the question: which system is 
better, gene editing directly in zygotes or gene editing in 
cultured cells followed by SCNT? There is no simple 
answer. It depends on the question being addressed, the 
technical capabilities available, and the regulatory 
environment in which one operates. The benefits of 
gene editing combined with that SCNT is that the donor 
cells can be extensively analyzed before SCNT so the 
genetics of the offspring are known. It also allows for 
complex gene edits and for sequential gene editing via 
multiple rounds of SCNT. This allows generation of 
multi-transgenic animals in a relatively short time, 
something that is crucial in species with longer 
generational intervals (cattle, goats, and pigs for 
instance). The drawbacks are that SCNT is technically 
complex, requires expensive specialized equipment, and 
can be unreliable. Zygotic injection, in contrast, is 
technically simple, can be carried out with less 
expensive equipment, and can be applied, in theory, to 
any mammalian species where zygotes are available; 
even those where SCNT is either impractical or has not 
been developed. The drawback is that the process is 
completely random so many of the offspring generated 
will have to be euthanized as they will not carry the 
desired gene edit. In addition, it cannot be used to 
generate sequential gene edits without breeding to 
produce new zygotes and that in species such as cattle 
can take years rather than months. However, if all that is 
needed is inactivation of 1-2 genes or modification of 
one loci, zygotic injection will produce the desired 
outcomes in a shorter period of time, even if some of the 
offspring do not carry the desired mutation and will 
need to be discarded. In an ideal system, having both 
SCNT and zygotic injection will give the greatest 
flexibility and provide the capabilities to tackle 
essentially any gene edit desired, regardless of 
complexity. 
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Epigenetic modifiers 
 

Although gene targeting for knock-outs, knock-
ins, and editing is very promising, there is also a need to 
address diseases that are a result of aberrant cellular 
regulation. In the past decades, modulation of gene 
expression has depended heavily on RNA interference, 
which focuses mostly on gene repression (Gemberling 
and Gersbach, 2018). The development of CRISPR-
based gene regulators provides a powerful new strategy 
for targeted gene therapy. These epigenomic editors are 
composed of a catalytically inactive CRISPR protein, 
dead-Cas9 (dCas9), fused with an effector domain for 
transcriptional activation or suppression. These 
complexes are then paired with a gRNA and targeted to 
a specific site in the genome. With control of 
transcriptional activity, these editors can be used to 
suppress harmful genes, upregulate those that are 
deficient or silenced, or completely reprogram cell fate.  

A series of dCas9 transcriptional activators 
have been developed, the first of which were dependent 
on the transcriptional activator VP64 (Gilbert et al., 
2013; Perez-Pinera et al., 2013). Improved versions 
depend on addition of fused domains, protein scaffolds, 
or RNA scaffolds to recruit additional upregulating 
factors for improved efficiency (Chakraborty et al., 
2014; Konermann et al., 2015; Chavez et al., 2016). 
Other dCas9 activators rely on epigenomic modifiers 
such as histone acetyltransferase (Hilton et al., 2015). 
As for transcriptional repressors, early versions relied 
upon dCas9 binding to interfere and block transcription 
initiation (Qi et al., 2013). Soon after, dCas9 was used 
to recruit chromatin-modifying repressor complexes, 
such as the Kruppel-associated box (KRAB) domain, to 
effectively silence target gene expression (Gilbert et al., 
2013). Moreover, because specific effects of epigenetic 
elements on gene regulation are not well understood, 
targeted epigenetic modifications by DNA 
methyltransferase (Vojta et al., 2016), or histone 
deacetylase (Kwon et al., 2017) can be employed to 
better understand these phenomena. This type of screen 
for regulatory elements can also be performed in a high-
throughput fashion with loss- and gain-of-function 
editors (Klann et al., 2017).  

Like their active-nuclease counterparts, dCas9 
epigenome modifiers can also be delivered for 
therapeutic and fundamental purposes. Several studies 
have shown the ability of CRISPR activators to modify 
cell fate. For example, in vitro studies have 
demonstrated effective direct reprogramming of 
fibroblasts into neurons by targeted activation of three 
specific genes (Black et al., 2016). These factors can 
also be delivered in vivo by the same approaches as the 
targeted nucleases, such as AAV. An impressive study 
by Liao et al. (2017) was the first to use CRISPR/Cas9 
type systems to modify transcription for several 
purposes. They show the ability to increase muscle mass 
in a dystrophic mouse model by local injection into 
hindlimbs by upregulating utrophin, compensate for 
acute kidney injury by upregulating Klotho or IL-10, 

and completely reprogram liver cells into insulin 
producing cells to treat a mouse model of type 1 
diabetes. This is the first of many future studies using in 
vivo transcriptional modifiers as therapeutics for disease 
and perhaps for production or reproductive traits in 
large animals.  

Other uses for dCas9 delivery include 
reprogramming of astrocytes into neurons in transgenic 
mice by activation of multiple genes (Zhou et al., 2018) 
or the ability to screen for potential oncogenes (Chow 
and Chen, 2018). Because they are so new, the in vivo 
delivery of targeted transcriptional regulators has thus 
far been limited to small animals, but as the therapies 
are translated to humans, we expect large animal models 
such as pigs to be important for scale-up and evaluation 
of physiological effects. Pigs have already been 
established as a model for epigenetic programming. For 
example, an Oct4-Enhanced GFP pig provides a 
valuable tool for the evaluation of reprogramming 
efficiency and pluripotency (Nowak-Imialek et al., 
2010). Even in a pre-targeting era, pigs have been useful 
for the study of epigenetic control of gene expression, 
silencing, or tissue specific control of transgenes 
(Archer et al., 2003; Kues et al., 2006). 

 
Hurdles and challenges: off-target effects 

 
One major limitation for the use of CRISPR is 

the potential for off-target effects. While each gRNA 
has been synthesized to target a specific genomic 
sequence, there is the possibility for binding and 
cleavage at closely related sequences elsewhere in the 
genome, resulting in unwanted indels. The presence of 
off-target effects from CRISPR-Cas was shown in 
human cells early on (Fu et al., 2013), and hence there 
has been a push to develop methods for detection and 
prevention of off-target effects.  

Initial efforts for safe and effective CRISPRs 
led to in silico design tools for gRNAs that score the 
probability of on- and off-target events (Hsu et al., 
2013; Heigwer et al., 2014). While these are a good 
starting point and are free to use, in silico design tools 
are only moderately accurate for prediction of true off-
target effects (Tsai et al., 2015). To better understand 
the frequency and location of off-target sites, a handful 
of techniques have been established. GUIDE-seq (Tsai 
et al., 2015), CIRCLE-seq (Tsai et al., 2017), 
Digenome-seq (Kim et al., 2015), and HTGTS (Frock et 
al., 2015) are all examples of unbiased, sensitive tools 
that capture the double-stranded breaks created with in 
vitro or in situ following delivery of Cas9 and analyze 
based on sequence reads. However, these techniques are 
expensive and frequently require a full reference 
genome. It is of note that off-target sites detected by 
GUIDE-seq showed only modest overlap with in silico 
predictors especially because many actual off-target 
sites were excluded from consideration by the programs 
(Tsai et al., 2015). As studies continue to elucidate the 
precise rules for CRISPR off-target binding (Boyle et 
al., 2017), there is a need for a more accurate in silico
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predictor tool. Likewise, off-target effects are highly 
characterized in vitro, but more work must be done to 
evaluate frequency of off-target events in vivo.  

To combat these adverse effects, several 
strategies have been employed. Initial studies 
demonstrate that a shortened gRNA can increase 
specificity by eliminating ability to form bulges when 
binding (Fu et al., 2014). Further studies showed that 
the use of Cas9 nickases or paired nickases, which 
create only a single-stranded break, have fewer off-
target effects (Shen et al., 2014; Frock et al., 2015). 
Additionally, modifications to the Cas9 protein for a 
high fidelity nuclease increase the specificity of the 
binding domain and decrease off-target effects and 
frequency (Kleinstiver et al., 2016). Finally, other 
CRISPR nucleases with less common PAM sequences 
or that are less tolerant of mismatches, such as Cpf1, 
have fewer off-target sites compared with Cas9 (Kim et 
al., 2016). The availability of new enzymes with higher 
fidelity and higher specificity combined with better in 
silico methods to design gRNA that will have single 
target specificity are likely to eventually lead to systems 
with undetectable off-target effects. For the present, 
however, it is important that off-target effects are taken 
into account when generating gene edited offspring, 
whether by SCNT or by zygotic injection.  

 
Summary and conclusions 

 
With the rapid adaptation of CRISPR-Cas and 

related gene editing technologies, the rate of 
applications to agriculture and biomedicine is growing 
exponentially. Previous methods of genetic modification 
of animals relied heavily on random insertion methods 
(pronuclear injection), use of genetically modified 
somatic cells followed by SCNT, or the use of viruses 
for transgene insertion; all methods with significant 
drawbacks. CRISPR-Cas and related systems not only 
do not suffer from these drawbacks but their 
implementation is both technically simpler and less 
costly. All these factors combined, and the high degree 
of plasticity of the procedure so it can be used to modify 
DNA as well as modify transcription, is transforming 
the field of gene editing of domestic animals.   

However, as we continue to apply gene editors, 
whether it be for therapeutic delivery in medicine or 
disease resistance and growth traits in agriculture, we 
must be responsible and aware of our actions. The 
power of this technology is immense, and any misuse of 
it will decrease acceptance from the public who needs it 
the most. Nevertheless, proper use of these tools brings 
us the opportunity to cure disease, improve agricultural 
production to feed the growing population, and create a 
healthy future.  
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Abstract 
 

Regulation of the growth and maturation of the 
ovarian follicle is critical for normal reproductive 
function. Alterations in this growth can lead to 
pathological conditions, such as cystic follicles, reduced 
oocyte quality, or an abnormal endocrine environment 
leading to poor fertility. Alterations in follicular growth 
also influence the number of follicles ovulating and thus 
can change litter size. Both endocrine factors, such as 
follicle stimulating hormone and luteinizing hormone, 
as well as local factors, are known to regulate follicular 
growth and development. This review will focus on the 
role of local factors in regulation of ovarian follicular 
growth in ruminants, with a focus on members of the 
transforming growth factor superfamily. The potential 
role of these factors in regulating proliferation, 
apoptosis, steroidogenesis and responsiveness to 
gonadotrophins will be considered.  
 
Keywords: granulosa cells, oocyte, theca cells. 
 

Introduction 
 
At formation, the ovarian follicle consists of 

the female germ cell, the oocyte, surrounded by a single 
layer of support cells, the granulosa cells. Once 
follicular growth has been initiated, follicular 
development can be characterised through proliferation 
of the granulosa and recruitment and proliferation of 
additional support cells (theca cells). The oocyte 
continues to grow and mature, and the granulosa and 
theca cells differentiate to be able to communicate with 
the hypothalamus, pituitary and reproductive tract and 
respond to endocrine factors controlling ovulation, final 
maturation of the oocyte, and luteinisation for 
subsequent progesterone production for maintenance of 
early pregnancy. Another important aspect of this 
development is factors controlling atresia of the ovarian 
follicle, as the majority of ovarian follicles follow this 
pathway rather than the pathway to ovulation. It is 
known that follicles at any developmental stage can 
become atretic, from a primordial follicle right through 
to a follicle that had developed to a preovulatory size 
but failed to ovulate and regressed (Matsuda et al., 
2012). However, it is also clear that while fewer 
follicles are classified as atretic during preantral 
follicular development, many follicles become atretic 

around or shortly after the time of formation of the 
antrum (Driancourt et al., 1985). 

A large proportion of follicular development 
can occur without pituitary hormones. For instance in 
sheep, follicles will grow to approximately 3 mm in 
diameter after the pituitary has been removed (McNatty 
et al., 1990). Once a follicle has reached 3 mm in 
diameter, the remaining growth to obtain a preovulatory 
size (approximately 5-6 mm) can occur in a matter a 
days. Considering that normal development of a follicle 
to ovulation has been estimated to take six months, 
clearly the majority of follicular growth is independent 
of gonadotrophins. Similar results are observed in cattle, 
with LH only required once a follicle reaches a diameter 
of 8-9 mm and FSH likely required for follicles over 4 
mm (Mihm and Bleach, 2003). Ovulation occurs in 
bovine follicles around 15 mm in diameter although this 
varies with age and breed (Pohler et al., 2012). It should 
be noted however, that while the earlier stages of 
follicular development are not dependent on the 
gonadotrophins, these small growing follicles are 
responsive to both FSH and LH. Receptors (R) for FSH 
are expressed in the granulosa cells starting during 
preantral development and LHR  are present on theca 
cells starting in late preantral/early antral follicles 
(Tisdall et al., 1995; Bao and Garverick, 1998; Logan et 
al., 2002; Saraiva et al., 2011; Barros et al., 2013).  

Multiple locally produced factors have been 
identified as controlling the development of the ovarian 
follicle. These locally produced factors (Fig. 1) include, 
but are not limited to, members of the transforming 
growth factor beta (TGFB) super family, insulin-like 
growth factors (IGF), fibroblast growth factors (FGF), 
platelet derived growth factors (PDGF) and KIT ligand 
(KITL). Additionally, the TGFB superfamily consists of 
multiple sub-families, including the growth and 
differentiation factors (GDF), bone morphogenetic 
proteins (BMP), activins and inhibin, TGFB and anti-
mullerian hormone (AMH). In this review we will focus 
on members of the GDF, BMP and TGFB sub-groups of 
the TGFB superfamily. Readers are directed to 
additional reviews for information on other factors 
controlling ovarian follicular development (Young and 
McNeilly, 2010; Buratini and Price, 2011; Scaramuzzi 
et al., 2011; Knight et al., 2012; Campbell et al., 2014; 
Knight and Glister, 2014; Monniaux et al., 2014; Price, 
2016; Shimizu, 2016; Silva et al., 2016; Pankhurst, 
2017; Estienne and Price, 2018)  
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Figure 1. The stages of follicular development and initiation of expression of selected proteins in the healthy follicle. Newly 
formed follicles can consist of either an oocyte surrounded by a single layer of granulosa cells with a flattened morphology 
(termed a type 1 or primordial follicle) or an oocyte surrounded by a single layer of granulosa cells with a mixture of flattened 
and cuboidal granulosa cells (termed a type 1a or transitional follicle; Juengel and Smith, 2014). The granulosa cells and the 
oocyte are isolated within a basement membrane and thus separated from the ovarian vasculature. Soon after follicles are formed, 
they begin to grow, forming a type 2 or primary follicle, which contain a single layer of cuboidal granulosa cells (Lundy et al., 
1999). Type 3 or small preantral contains 2 to < 4 complete layers of granulosa cells whereas a type 4 or large preantral follicle 
contains at least 4 complete layers of granulosa cells but no antral cavity is yet present. The theca can first be observed in some 
type 2 follicles and becomes very prominent in type 4 follicles (Lundy et al., 1999). These theca cells are located outside the 
basement membrane of the ovarian follicle and contain a rich blood supply. Patterns of expression are based on mRNA or protein 
localisation in either sheep, cattle or goat ovaries. Once expression is initiated, it is also observed in subsequent stages of 
development although concentrations may vary. ooc= oocyte, gc = granulosa cell, th = theca. An asterisk (*) indicates known 
differences in expression patterns between species with expression in sheep tending to be more restricted than that observed in 
cattle and goats. Please see text for more details. Information on expression of proteins was gathered from multiple references 
(Bezard et al., 1987; Wandji et al., 1992; Braw-Tal, 1994; Tisdall et al., 1994, 1995, 1997; Leeuwenberg et al., 1995; Xu et al., 
1995; Logan et al., 2002, 2003; Juengel et al., 2004a, 2006a, b; Kobayashi et al., 2004; Buratini et al., 2007; Feary et al., 2007; 
Brito et al., 2012; Lima et al., 2012; Smith, 2012; Batista et al., 2013; Hao et al., 2014; Diaz et al., 2016).  
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The effects of TGFB superfamily members on 
granulosa cell proliferation and health (Fig. 2) 

 
Two oocyte-secreted growth factors from the 

TGFB superfamily, GDF9 and BMP15, are known to be 
essential for normal granulosa cell proliferation. In ewes 
homozygous for inactivating mutations in either growth 
factor, normal follicular development does not occur, 
and follicles are blocked in the early preantral stages of 
development (Davis et al., 1992; Braw-Tal et al., 1993; 
Galloway et al., 2000; Nicol et al., 2009). Immunisation 
against GDF9 or BMP15 can also affect follicular 
development in both sheep and cattle, resulting in 
reduced numbers of antral follicles which were smaller 
in size (Juengel et al., 2002, 2009, 2011). Treatment of 
granulosa cells from small antral follicles, primarily 
prior to gonadotrophin dependence (i.e. from follicles 1-
2 mm in sheep and 1-4.5 mm in cattle) with ovine (o) 
BMP15 or the combination of oBMP15 and oGDF9 
induced thymidine incorporation indicative of 
proliferation (McNatty et al., 2005).  

Other BMPs and GDFs are also produced by 
the ovarian follicles, although their role in regulating 
local follicular development is less clear and may vary 
between species. The oocyte also produces BMP6 in 
sheep (Juengel et al., 2006b) and cattle (Hussein et al., 
2005) but BMP6 did not induce cell proliferation in 
sheep (Juengel et al., 2006b) and had a small effect on 
bovine mural granulosa cells (Glister et al., 2004) and 
no effect on cumulus cells (Gilchrist et al., 2006). In 
cattle, granulosa and theca cells from small antral 
follicles (1-4 mm in diameter) produce BMP2, BMP4, 
BMP6 and BMP7 (Glister et al., 2010) whereas in 
sheep, as determined by in situ hybridisation, only 
granulosa cells of atretic follicles express BMP2. The 
other BMPs were not expressed by the granulosa or 
theca cells, although BMP4 was produced in ovarian 
stroma cells surrounding some follicles. In sheep, none 
of these growth factors stimulated proliferation of the 
granulosa cells (Souza et al., 2002; Campbell et al., 
2006; Juengel et al., 2006b) although one study showed 
a small stimulation of proliferation when examining 
BMP4 (Fabre et al., 2003). In cattle neither BMP2 nor 4 
affected cell proliferation (Glister et al., 2004; Selvaraju 
et al., 2013), with BMP6 and 7 promoting a small 
increase in viable granulosa cell numbers (Glister et al., 
2004). The effects of GDF5 on granulosa cell 
proliferation has been examined with no effect observed 
(Fabre et al., 2003). 

In sheep, TGFB1 and TGFB2, but not TGFB3, 
are produced by ovarian follicles, in the theca cells of 
type 3 and larger follicles (Juengel et al., 2004a). In 
cattle, TGFB1, 2 and 3 were all detected in oocytes, 
granulosa and theca cells, with TGFB3 being the most 
strongly expressed (Nilsson et al., 2003). TGFB1 has 
also been detected in oocytes of goat preantral follicles 
(Rodrigues et al., 2014). TGFB1 and 2 both reduced 
numbers of granulosa cells after culture in sheep 
(Juengel et al., 2004a), although no effect of TGFB1 on 
proliferation was observed (TGFB2 was not tested). In

cattle, the effects of TGFB are inconsistent, with 
TGFB2 having a mild stimulatory effect on proliferation 
(Gilchrist et al., 2003), and TGFB (type unspecified) 
having no effect on unstimulated, or an inhibitory effect 
on epidermal growth factor (EGF)-stimulated, 
proliferation (Skinner et al., 1987). 

Members of the BMP family, including BMP4, 
6, 7 and 15 have been linked to reduced cumulus/mural 
granulosa cell apoptosis in cattle (Hussein et al., 2005; 
Kayamori et al., 2009). In bovine granulosa cells, 
BMP4 suppression of apoptosis was linked to the 
PI3K/PDK-1/Akt pathway whereas BMP7 suppression 
of apoptosis was linked to the PI3K/PDK-1/PKC 
pathway (Shimizu et al., 2012). In bovine preantral 
follicles, culture with BMP15 alone stimulated follicle 
growth without reducing viability whereas culture with 
the combination of FSH and BMP15 resulted in reduced 
numbers of viable follicles, potentially linked to over 
stimulation of proliferation of granulosa cells (Passos et 
al., 2013). In contrast, GDF9 had no effect on apoptosis 
in cattle cumulus cells (Hussein et al., 2005). Further 
evidence for the role of members of the BMP 
superfamily in regulating apoptosis is provided by the 
observation that overexpression of the regulatory 
micro(mi)RNA-375 decreases expression of BMPR2 
and increases apoptosis of bovine cumulus cells (Chen 
et al., 2017). This receptor is key for the actions of 
many BMPs including the synergistic actions of BMP15 
and GDF9 (Edwards et al., 2008). Additionally, 
reduction of SMAD2 expression, through either chi-
miRNA-4110 mimics or SMAD2 interference, reduced 
SMAD2 mRNA and protein in caprine granulosa cells 
and increased apoptosis (An et al., 2017). The 
SMAD2/3 pathway is important for the synergistic 
actions of ovine BMP15 and GDF9 (Reader et al., 2011). 
In contrast to the suppressive effects of some BMP family 
members on apoptosis, members of the TGFB subfamily 
may actually induce apoptosis in ruminants. As indicated 
before, treatment with TGFB1 or 2 reduced DNA 
content after culture in sheep granulosa cells (Juengel et 
al., 2004a), and TGFB1 increases apoptosis in cattle 
granulosa cells (Zheng et al., 2009).   
 
The effects of TGFB superfamily members on theca 

cell proliferation and health (Fig. 2) 
 

Less is known regarding regulation of theca 
cell function. As indicated previously, the theca cells 
express many members of the TGFB superfamily and 
their receptors in sheep, cattle and goats (Glister et al., 
2004, 2010; Juengel et al., 2004a, 2006b; Feary et al., 
2007; Costa et al., 2012; Lima et al., 2012; Rodrigues et 
al., 2014). BMP2, 4 and 6 stimulated theca cell 
proliferation in sheep, with the effects of BMP7 not 
tested (Campbell et al., 2006). In cattle, BMP4, 6 and 7 
stimulated theca cell proliferation in the presence or 
absence of LH, while BMP2 was not tested (Glister et 
al., 2005). GDF9 stimulates proliferation of theca cell 
isolated from small, but not larger, antral follicles 
(Spicer et al., 2008). 
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Figure 2. Summary of the effects of BMPs, GDFs and TGFBs on granulosa and theca cell proliferation and function. +ve = positive effect, -ve = negative effect. An asterisk (*) indicates differences have 
been observed in responses between species (sheep vs. cattle) or studies within species. Please see text for more details. 
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TGFB superfamily regulation of granulosa and theca 
cell function (Fig. 2) 

 
One of the mechanisms that many of the 

locally produced growth factors use to alter ovarian 
follicular development during antral development is 
through regulating the follicle’s ability to communicate 
with the hypothalamus and pituitary. In particular, 
regulation of steroids and inhibin A produced by the 
ovarian follicle, and receptors for the gonadotrophins, 
appear to be key mechanisms by which local factors 
affect the development of the ovarian follicle and, 
ultimately, the number of follicles available for 
ovulation. To this end, many of the local growth factors 
alter steroid synthesis and gonadotrophin 
responsiveness (Fig. 2). 

 
Regulation of steroidogenesis 
 

In ewes with reduced BMP15 function (i.e. 
those heterozygous for an inactivating mutation in 
BMP15 such as Inverdale) or altered BMP signalling 
(i.e. those heterozygous or homozygous for a mutation 
in BMPR1B, that is the Booroola mutation), a key 
feature is that oestrogen active follicles are observed at 
smaller sizes. Additionally, BMP4, 6 and 7 suppress 
basal and LH-stimulated androgen production from 
bovine theca cells (Glister et al., 2005). Suppression of 
expression of genes involved in steroidogenesis such as 
CYP17A1 (strongly suppressed), STAR, CYP11A1 and 
HSD3B1 mRNA were observed. This is consistent with 
the BMP family members suppressing steroidogenesis 
through downregulation of proteins important for 
steroid production. GDF9 also reduced both 
progesterone and androstenedione production from 
bovine theca cells (Spicer et al., 2008). Decreased 
expression of mRNA encoding LHCGR and CYP11A1 
was observed following GDF9 treatment, but no effects 
on STAR or CYP17A1 mRNA were observed (Spicer et 
al., 2008). In ovine theca cells, the BMPs (2, 4 and 6 
tested) inhibited LH-stimulated androstenedione 
production (Campbell et al., 2006). Consistent with this 
observation, ewes that were heterozygous for both the 
Inverdale and Booroola mutations (I+B+), tended to 
have increased expression of CYP17A1, which is 
expressed exclusively in the theca in ovine ovarian 
follicles (Logan et al., 2002), in small (1-3 mm in 
diameter) follicles (Juengel et al., 2017).  

The effects of BMPs on steroid production in 
granulosa cells is complex. In both sheep and cattle 
granulosa cells, BMP2, 4, 6, and 7, as well as the 
combination of BMP15 & GDF9 strongly suppressed 
progesterone production when IGF was included in the 
media (Fabre et al., 2003; Glister et al., 2004; McNatty 
et al., 2005; Juengel et al., 2006b). A weaker 
suppression of basal progesterone production was also 
observed when examined in cattle (Glister et al., 2004) 
and sheep (Pierre et al., 2004). In sheep, BMP4 (only 
ligand tested) decreased expression of mRNA and 
protein for STAR and CYP11A1, likely through 
inhibiting the actions of SF1 (Pierre et al., 2004).  
TGFB1 and 2, GDF5 and GDF9 also reduced 

progesterone production from ovine or bovine granulosa 
cells (Fabre et al., 2003; Juengel et al., 2004a; Spicer et 
al., 2006). In bovine granulosa cells, the TGFB1 
induced reduction of progesterone production was 
associated with downregulation of STAR, CYP11A1, and 
HSD3B1 mRNAs (Zheng et al., 2008). However, 
various BMPs have also been shown to either increase 
FSH and IGF1 stimulated oestradiol production (Glister 
et al., 2004; Campbell et al., 2006; Selvaraju et al., 
2013), or have no effect, or suppress oestradiol 
production, dependent on the dose of both the BMP and 
the IGF (Campbell et al., 2006). TGFB1 also increased 
basal oestradiol synthesis and the expression of 
CYP19A1 and HSD17B1 (Zheng et al., 2009). GDF9 
suppressed oestradiol production from bovine granulosa 
cells collected from both small and large antral follicles 
(Spicer et al., 2006). Thus overall, BMPs, GDFs and 
TGFB appear to inhibit progesterone production from 
granulosa cells, likely through down regulation of 
proteins important for steroid synthesis. The effects of 
the superfamily members on oestradiol production is 
less consistent, with potential for differences observed 
being related to species, which family member is being 
examined and dose of growth factor used. 

The effects of mutations in BMP15 or BMP1B 
in ewes, and increased expression of SMAD6, an 
inhibitory SMAD for the BMP pathway (i.e. the Trio 
cattle which have a genetic based increase in ovulation 
rate), on steroid secretion from follicles and cells has 
also been examined. Granulosa cells from homozygous 
Booroola animals secreted increased concentrations of 
oestradiol and theca cells secreted increased 
concentrations of androstenedione (Campbell et al., 
2006), indicative of enhanced oestrogen production. It is 
important to note that the follicles in homozygous 
Booroola animals mature at a smaller size than wild-
type and thus follicles of similar sizes likely have 
differing maturation status. However, this difference 
was at least partially accounted for as smaller diameter 
follicles were collected from the Booroola animals 
(Campbell et al., 2006). Expression of CYP19A1 mRNA 
was increased in small follicles from ewes heterozygous 
for the Booroola mutation (as well as one copy of the 
Inverdale mutation). However, whether the Booroola 
mutation increases or decreases the sensitivity of the 
receptor to BMPs is unclear, with some studies 
observing an increased sensitivity (Campbell et al., 
2006; Young et al., 2008), and others a decreased 
sensitivity (Fabre et al., 2003). Potentially further 
complicating this model is the finding that BMP15 
mRNA is decreased in homozygous Booroola ewes 
(Crawford et al., 2011). In the Trio animals, with 
overexpression of SMAD6 in cattle follicles 
(Kamalludin et al., 2018), a similar phenotype to that 
observed in ewes carrying the Booroola or Inverdale 
mutation, with ovulation of multiple smaller follicles, is 
seen (Garcia-Guerra et al., 2018a, b). In the Trio 
animals, with follicles of similar size, increased 
oestradiol concentrations in follicular fluid are also 
observed (Garcia-Guerra et al., 2018b).  

In heterozygous Inverdale ewes, overall 
secretion of oestradiol from all the preovulatory follicles
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is similar to that observed in wild-type ewes. However, 
the follicles in the Inverdale ewe are smaller with fewer 
granulosa cells in each follicle, and with more follicles 
contributing to the overall pool of granulosa cells 
secreting oestradiol (and inhibin) to influence the 
hypothalamus and pituitary (Shackell et al., 1993; 
Juengel et al., 2013a). No differences in concentrations 
of oestradiol in follicular fluid were noted when 
comparisons were based on follicular diameter. The 
secretory capacity of each granulosa cell for oestradiol 
or inhibin appeared similar between heterozygous 
Inverdale and wild-type ewes (Shackell et al., 1993). 

Further evidence of the role of the BMP family 
in normal follicular function is provided by the 
observation that in cattle, alterations in expression of 
BMP4, BMP6 and BMPR1B occur during the 
development of ovarian cysts (Diaz et al., 2016). 
Development of ovarian cysts is known to be related to 
alterations in apoptosis and steroid production in the 
ovarian follicle (Ortega et al., 2015). 
 

Effects on responsiveness to FSH and LH 
 
A key feature of granulosa cells from ewes 

carrying Inverdale and/or Booroola mutations, thus 
likely lower BMP15 activity, is an earlier onset of 
responsiveness to LH. This has been observed when 
examining the mRNA encoding LHCGR or the ability 
of the cells to bind and respond to LH, as assessed by 
cAMP production (McNatty et al., 2009, 2017; 
Crawford et al., 2011; Juengel et al., 2017). Similarly, 
in cows carrying a copy of the Trio mutation, which 
have increased expression of mRNA encoding the 
inhibitory SMAD6 (Kamalludin et al., 2018), thus 
postulated reduced BMP signalling, follicles have an 
earlier responsiveness to LH with increased expression 
of the LHR in the granulosa cells (Garcia-Guerra et al., 
2018a). Treatment of bovine theca cells with BMPs also 
reduces LH stimulated androstenedione production, 
indicative of reduced responsiveness to LH (Glister et 
al., 2005). In contrast, theca cells isolated from small 
antral follicles collected from homozygous carriers of 
the Booroola mutation produced more androstenedione 
when stimulated with low doses of LH (Campbell et al., 
2006) compared to non-carriers. However, basal 
secretion was also increased and thus responsiveness 
was not greater. Additionally, BMPs inhibited LH 
stimulated androstenedione production in ovine theca 
cells (Campbell et al., 2006). Thus, collectively, it 
appears BMPs inhibit LH responsiveness of follicular 
cells.  

The role of BMPs in regulating FSHR 
expression is less clear. FSH responsiveness, as 
measured by mRNA encoding FSHR or the ability of 
the cells to bind and respond to FSH in general, is not 
different between control ewes and ewes carrying the 
Inverdale and/or Booroola mutations (McNatty et al., 
2009, 2017; Crawford et al., 2011; Juengel et al., 2017). 
Similarly, cows carrying the Trio mutation do not have 
differential expression of FSHR mRNA compared to 
non-carrier controls (Garcia-Guerra et al., 2018a). 
However, FSHR mRNA was increased in preantral 

bovine follicles cultured with hBMP15 or mGDF9 
alone, but this effect was lost when follicles were also 
exposed to FSH (Passos et al., 2013; Vasconcelos et al., 
2013). It is also important to note that BMP15 and 
GDF9 from different species appear to activate different 
second messenger systems, and thus the source of the 
BMP15 or GDF9 could affect outcomes (Reader et al., 
2011, 2016). Granulosa cells collected from small 
follicles of homozygous Booroola ewes were more 
responsive to FSH when assessed by stimulation of 
oestradiol production (Campbell et al., 2006). However, 
it is known that the onset of CYP19A1 mRNA 
expression and thus aromatase activity occurs at a 
smaller follicular diameter in ewes carrying the 
Booroola mutation than their wild-type contemporaries 
(McNatty et al., 1985; Juengel et al., 2017). Thus the 
observed difference in oestradiol response is likely 
related to increased amounts of aromatase.  
 

Using knowledge of local regulation of 
folliculogenesis to improve advanced breeding 

programmes 
 

Ewes with multiple mutations in genes 
interacting with the TGFB superfamily can have very 
high ovulation rates (>10), producing similar numbers 
of embryos as traditional multiple ovulation embryo 
transfer (MOET) protocols, providing evidence that 
modulation of this pathway has the potential to form the 
basis for a new MOET protocol (McNatty et al., 2017). 
Additionally, these increases in ovulation rate occur 
without disturbing the normal endocrine patterns of the 
animal. This is in contrast to what is observed in 
traditional MOET procedures, which stimulate 
increased hormonal production from the ovary through 
elevated FSH concentrations. Therefore reducing the 
activity of members of the TGFB superfamily 
potentially will improve oocyte quality and embryo 
health compared to FSH based protocols (McNatty et 
al., 2017). In both sheep and cattle, immunisation 
against either BMP15 or GDF9 can increase ovulation 
rates, inducing a superovulation type effect in some 
animals (Juengel et al., 2002, 2004b, 2009), without 
compromising fertilisation or embryo/fetal development 
(Juengel et al., 2004b). The challenges with this 
approach are variable response of the animals to 
immunisation, both within and between species, 
resulting in varying efficiencies in neutralisation of 
bioactivity, coupled with the fact that lack of or very 
low levels of bioactivity of either GDF9 or BMP15 
leads to blockage of ovarian follicular development 
potentially for months (Juengel et al., 2002, 2011; 
McNatty et al., 2007). The extracellular region of the 
BMPR2 is able to block the proliferative activity of 
GDF9 & BMP15 combined (Edwards et al., 2008). The 
extracellular region of the BMPR2 fused with an IgG 
domain can be produced in vitro (Myllymaa et al., 
2010) and might provide a more controlled approach to 
mimic the neutralising effects of an active 
immunisation. However, both GDF9 and BMP15 
regulate cumulus cell function and have been linked to 
improved oocyte development when used during in
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vitro oocyte maturation for in vitro production of 
embryos (reviewed in Russell et al., 2016; Juengel, 
2018) and thus reducing the bioactivity too far might 
decrease embryo quality. However, there is no evidence 
of reduced embryo quality in ewes with reduced GDF9 or 
BMP15 bioactivity, or mutations in BMPR1B in vivo 
(Juengel et al., 2004b, 2013b, 2018; McNatty et al., 2006, 
2017), except in heterozygous carriers of the Inverdale 
mutation undergoing MOET (McNatty et al., 2006). 

Ewes heterozygous for the Inverdale mutation, 
or homozygous for the Booroola mutation have 
increased responsiveness to a MOET protocol than the 
non-carrier contemporaries (McNatty et al., 2006). 
However, ewes heterozygous for an inactivating 
mutation in GDF9 did not have increased 
responsiveness to MOET (Pinto et al., 2018). 
Furthermore, subgroups of animals homozygous for the 
Booroola mutation have a suppressed responsiveness to 
FSH-based superovulation procedures potentially 
through interactions with other, currently unidentified, 
genetic mutations (Juengel et al., 2013a). Attempts to 
mimic the increased responsiveness to FSH-based 
superovulation protocols in Inverdale ewes using 
immunisation to decrease BMP15 activity have not been 
successful (Juengel et al., 2011). Additionally, while 
overall responsiveness to MOET protocols is increased in 
ewes carrying the Inverdale (I+) or Booroola (BB) 
mutation, there are still similar levels of variation in 
response between ewes as observed in wild-type 
contemporaries. For instance while overall ovulation rate 
from superovulated homozygous carriers of the Booroola 
mutation was 26.3 + 1.4, only 59% of the animals 
produced 4 or more embryos. This is comparable with 
the 51% of the wild-type contemporaries producing 4 or 
more embryos (McNatty et al., 2006).  

 
Conclusions and future directions 

 
While it is clear that locally produced factors 

are critical for regulation of ovarian function throughout 
the growth and maturation of the ovarian follicle, there 
is still much to learn. Key mechanisms by which local 
factors alter ovarian follicular growth and maturation 
are through regulation of the rate of cell proliferation 
and responsiveness to gonadotrophins. Here it is clear 
that members of the TGFB superfamily, particularly 
BMP15 and GDF9, are key local regulators of follicular 
development in ruminants, but other family members 
are also critical and the relative importance of different 
family members may vary between species, even 
between closely related ruminants. The potential to use 
knowledge regarding the local regulators of follicular 
development to enhance assisted reproductive 
technologies or treat reproductive pathologies is also 
present. However, this requires additional understanding 
of the actions of the local factors and new, cost-effective 
technologies to modulate these factors in vivo. 
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Abstract 
 

Laparoscopic ovum pick-up (LOPU) conducted 
on bovine and buffalo calves of 2-6-month of age, 
followed by in vitro embryo production and transfer into 
synchronous adult recipients, is a powerful tool for 
accelerated genetic gain and early dissemination of top 
genetics. In its current state, the technology is 
characterized by higher oocyte recovery rates, lower 
oocyte-to-embryo yields, and similar pregnancy and 
term development rates compared with adult 
counterparts. Improvements in oocyte competence have 
been made in recent years mainly through gonadotropin 
stimulation protocols tailored for prepubertal donors. 
These advances have brought the technology to the 
point of been apt for commercial application. However, 
future research must focus on increasing the proportion 
of fully competent oocytes recovered from calves 
thereby further empowering the role this technology 
platform can play in programs for accelerated 
dissemination of superior genetics. 
 
Keywords: Holstein, buffalo, prepubertal, accelerated 
genetic gain, calf oocyte. 
 

Introduction 
 

Laparoscopic Ovum Pick-Up (LOPU) was first 
described in 1974 by Snyder and Dukelow who were 
able to recover 6 oocytes from 21 follicles aspirated 
from a ewe under laparoscopic observation (Snyder and 
Dukelow, 1974). However, the technology was not fully 
developed until the early 1990’s stimulated by the 
development of in vitro embryo production (IVEP) 
technologies. The initial target was the collection of 
oocytes from valuable females of species where 
ultrasound-guided ovum pick-up (OPU) was very 
difficult or not possible, due to animal size issues. In 
that sense, LOPU rapidly became, and remains as, the 
method of choice for the collection of immature oocytes 
for IVEP in sheep and goats (Baldassarre et al., 1994; 
Stangl et al., 1999; Baldassarre et al., 2002; Cognie et 
al., 2004). Moreover, LOPU-IVEP has also been 
applied for oocyte collection in wild life species 
including deer and big felines (Miller et al., 1990; 
Locatelli et al., 2006; Baldassarre et al., 2017). 

Another application with high potential that 
was envisioned in the early 90’s was the collection of 
oocytes from early prepubertal heifers, i.e. several 
months before they would have grown enough to be 

eligible for standard OPU. Several publications showed 
high oocyte yields from bovine calves of 2-6 months of 
age stimulated with gonadotropins and subjected to 
LOPU. In some cases, the number of oocytes was 
substantially higher than what was recovered from adult 
cows (Armstrong et al., 1992; Revel et al., 1995; Tervit, 
1996; Baldassarre, 1998). However, this initial interest 
in developing the technology to produce “calves from 
calves” shortly disappeared for two main reasons. On 
the one hand, commercial application was negated by 
the fact that it was extremely difficult to predict the 
production phenotype of a female at the age of 2 
months. Hence, selecting which candidates would be 
best donors had to be based on pedigree only, which has 
rather limited accuracy. On the other hand, all studies 
were showing that bovine calf oocytes were 
significantly less capable of developing into transferable 
embryos following in vitro maturation/fertilization and 
culture (IVM/F/C), compared with oocytes from adult 
cows (Damiani et al., 1996; Duby et al., 1996). As a 
result, efforts to further develop this technology were 
practically abandoned for two decades. 

More recently, the interest in developing the 
technology to a commercial level has resurged. First, 
with the advent of genomic marker technology it is now 
possible to better predict the production phenotype of 
dairy cattle from the moment they are born (Hayes et 
al., 2009; Ponsart et al., 2013). To make use of that 
information in the most efficient way, breeders want to 
start reproducing the carriers of the best production 
genomes as soon as possible. Second, IVEP 
technologies have improved dramatically in the last 
three decades, including the possibility of freezing 
IVEP-blastocysts following direct transfer protocols, 
and obtaining pregnancy results comparable with those 
of in vivo produced embryos (Moore and Hasler, 2017). 
Combined, especially in the highly competitive market 
of dairy genetics, the possibility of producing high 
quality embryos from elite females as early as 2 months 
of age has the potential of becoming a breeding target. 
Accelerated genetic gain by reducing generation 
intervals is a key objective. In addition, getting faster to 
the marketplace with new genetics is very attractive, 
especially for semen companies.  

The present manuscript will summarize the 
state of the art as well as our most recent results 
working with Holstein cattle and Mediterranean buffalo 
calves subjected to repeated LOPU between the ages of 
2-6 months.  
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Step 1: Gonadotropin stimulation 
 

Although females are born with all the oocytes 
they will produce through their lifetime, prepubertal 
animals have immature and non-functional 
hypothalamus-pituitary-ovarian axes, uncapable of 
supporting full follicular development and ovulation 
(Sanchez and Smitz, 2012). However, waves of 
follicular activation and growth occur up to the antral 
follicle stages when they become gonadotropin-
dependant. Early work clearly established that antral 
follicles from prepubertal ovaries can respond to 
exogenous gonadotropins. Furthermore, in most 
publications, the numbers of follicles aspirated, and 
oocytes recovered were significantly greater than the 
average for adults (Armstrong et al., 1994; Duby et al., 
1996; Tervit, 1996; Baldassarre, 1998). 

Initially, short protocols in which 
gonadotropins were administered staring 36-48 before 
LOPU, were most popular because of their simplicity 
and effectiveness in generating large populations of 
follicles for aspiration. Some of these protocols used 
FSH alone and some used a combination of FSH and 
eCG. However, studies have shown that the 
developmental competence of oocytes increases with 
follicular size in heifers and cows (Lonergan et al., 
1994; Hendriksen et al., 2000; Kauffold et al., 2005b). 
This is consistent with the knowledge that the oocyte 
acquires developmental competence as a result of the 
accumulation of critical molecules during follicular 
development, from the dormant primordial status to the 
pre-ovulatory stage. Some of those molecules are 
acquired by the oocyte’s own biosynthetic capacity and 
others are transferred from the cumulus granulosa cells 
through transzonal processes and gap junctions. Some 
molecules are necessary for oocyte growth, some are 
involved in the cross-talk with cumulus cells, some are 
needed later for oocyte maturation and fertilization, and 
some are needed even later to support embryo 
development until embryonic genome activation 
(Blondin et al., 1997; Adhikari and Liu, 2009; Sanchez 
and Smitz, 2012). Hence, it is extremely important to 
provide a proper exogenous gonadotropin regime that 
will support follicular development and oocyte 
acquisition of developmental competence. In agreement 
with this concept, our work with Holstein calves of 2-6 
months of age, showed higher rates of development to 
the blastocyst stage when oocytes were sourced from 
calves subjected to longer gonadotropin stimulation (3 
days) compared with short (2 days) or non-stimulated, 
which was associated with higher proportion of larger 
follicles (Table 1; Currin et al., 2017). Moreover, 
embryo development was significantly higher with 
oocytes recovered from larger (>5 mm) follicles (21%) 
compared with smaller follicles (11%, P < 0.05). 

It is interesting to point out that the longer 
gonadotropin regimes used in our studies, resulted in 
50-70% of larger follicles (>5mm in diameter). This 

allows speculating that there is room for further 
improvement in development yield by means of 
designing new hormonal regimes capable of increasing 
the proportion of larger follicles.  

Notably, we observed a high degree of 
individual variation that was consistent throughout our 
studies with Holstein calves. In our most recent study 
(Baldassarre et al., 2018), with a minimum of six LOPU 
procedures in a period of 3-4 months, the average 
number of usable oocytes recovered per Holstein 
calf/per LOPU was 22.2 ± 14, but it ranged from 38.2 ± 
11 in the top calf to 12.7 ± 4 for the bottom one (Fig. 
1A). Accordingly, the total number of oocytes collected 
per calf (sum of 6 LOPU) averaged 126.6 oocytes/calf, 
ranging from 229 in the top calf to 72 oocytes in the 
bottom one. Consistent with these results, working with 
Mediterranean buffalo calves of similar age, hormonal 
stimulation and number of procedures, the average 
number of usable oocytes recovered per calf/per LOPU 
was 16.2 ± 9, but ranging from 26.6 ± 6 to 10.07 ± 3 for 
the top and bottom calves, respectively. Moreover, the 
total number of oocytes collected per buffalo calf (sum 
of 6 LOPU) averaged 81 oocytes/calf, ranging from 130 
to 50 oocytes in the top and bottom calves, respectively 
(Fig. 1B). In both species, it could be speculated that 
these results could have value as an early indicator of 
the ovarian response expectations one can have, if/when 
these animals were used as oocyte donors later in life as 
adults. Another aspect of individual variation worth 
mentioning was the timing of occurrence of their peak 
response, as assessed by number of follicles available 
for aspiration and oocytes recovered. Prior to our 
recently published work, there were no studies in which 
the same animals were collected repeatedly and 
frequently during the 2-6 months of age period. In the 
lack of such studies, when high responses were 
observed in calves hormonally stimulated and collected 
just once, one rational explanation was that it could 
result from accumulation of follicles from different 
growth waves at the antral stage, since the animals lack 
endogenous gonadotropin support for further follicle 
development. If this hypothesis was valid, most of our 
calves would have had their peak response on their first 
LOPU. However, what we observed in the Holstein 
calves was that only 10% had their peak at LOPU 1, 
while 36% had their peak at LOPU 2, 27% at LOPU 3, 
and the rest was scattered through LOPU 4, 5 and 6 
(Baldassarre et al., 2018). Similarly, 12% of 
Mediterranean buffalo calves peaked at LOPU 1, 37% 
at LOPU 2, and the rest scattered through LOPU 3 to 6. 
In summary, it remains unclear what are the 
mechanisms involved in the increased responsiveness to 
exogenous gonadotropins observed in prepubertal 
females. 

Finally, age and number of previous procedures 
did not have significant effect with regards to follicular 
response and total oocytes recovered, when comparing 
calves of <100, 100 to 130, and >130 days of age.  
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Table 1. Proportion of larger (>5mm) follicles in 2-6 month old Holstein calves stimulated with short, long or no 
gonadotropin treatments and in relations to cleavage and development rates following IVM/F/C.  

 Follicles >5mm (%) Cleavage (%) Blastocyst (%) 
No treatment 2.4a   66 ± 20ab 17 ± 9a 
Short treatment 11.2ab 59 ± 22a   18 ± 15a 
Long treatment 34.0b 73 ± 20b   37 ± 25b 

Values in the same column with different script differ significantly (P < 0.05). 

 

 
Figure 1. Individual variation in the mean number of follicles available for aspiration and usable COC’s recovered by 
LOPU in calves of 2-6 months of age. Bars represent the average from 6 LOPU procedures per each individual calf.  
 

Step 2: Oocyte collection 
 

LOPU is the procedure of choice for the 
collection of immature oocytes from medium sized 
animals that are too small to be collected by ultrasound-
guided OPU (i.e. calves, sheep, goats, deer, etc.). In 
sheep and goats, it has been widely used to source 
oocytes for standard IVEP, for transgenic founder 
generation by pronuclear microinjection and for cloning 
by somatic cell nuclear transfer. In cattle and buffalo, it 
has been successfully used for the generation of 
embryos and offspring from oocytes collected from 
prepubertal females of 2-6 months of age. The 
procedure is minimally invasive and has shown to be 
very safe, specifically with no intraoperative 
complications nor sequels with potential for impact on 
the reproductive future of the animal. Moreover, all the 
calves that were used in our studies were subjected to 
LOPU 6 to 9 times in a 3-4 months period, and none of 
them had problems producing more embryos by OPU 
and/or getting pregnant later in their life. To facilitate 
ovarian visualization and prevent anesthesia 

complications (e.g. regurgitation), animals must be 
deprived from food and water for at least 24 and 12 
hours, respectively. LOPU must be conducted under 
general anesthesia. Different anesthesia protocols can be 
used. In our most recent studies we induced anesthesia 
to allow intubation with a mixture composed of 0.05 
mg/KBW xylazine, 2 mg/KBW ketamine and 
0.1mg/KBW diazepam, administered intravenously, and 
maintained under anesthesia with 2% isoflurane. Once 
under, the calves are restrained on a cradled table in 
Trendelenburg position and the ventral area cranial to 
the udder is clipped and disinfected with 2% 
chlorhexidine followed by 10% iodine solution. Under 
laparoscopic observation, all follicles of ≥ 2mm 
diameter are aspirated using a 20G needle mounted on 
an acrylic pipette connected to a collection tube and a 
vacuum pump. The laparoscopic equipment consists of 
a 5mm/0° laparoscope, 3 trocar/cannula ports, an 
atraumatic grasping forceps, and a cabled light source. 
The grasping forceps is used for exposing the different 
surfaces of the ovaries to allow aspiration of all follicles 
of ≥2 mm, by pulling from the mesosalpinx in different
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directions. The vacuum pressure is adjusted to 50mmHg 
at the pump and 60 drops of media reaching the 
collection tube per minute, using a flow valve inserted 
in the vacuum tubing. The oocyte aspiration medium we 
use is Hepes-buffered Thyrode’s-lactate (TLH) 
supplemented with 10U/mL of heparin, 25μg/mL of 
gentamicin, and 0.1% polyvinyl alcohol. After all 
follicles are aspirated, the ovarian surface is rinsed with 
warm saline solution using a pipette introduced through 
one of the cannula ports. Once the procedure is 
completed, all instruments are removed, trocar incisions 
closed with a suture stitch or surgical glue, and animals 
are medicated with a preventative dose of antibiotic 
(e.g. 20 mg/KBW long acting oxytetracycline) and with 
an analgesic (e.g. 1mL/45 KBW flunixin meglumine), 
subcutaneously. 

It is worth highlighting that, unlike what 
happens during OPU, during LOPU the ovarian stroma 
is never perforated by the needle, which only penetrates 
the follicular wall, hence resulting in little to no 
bleeding. Also, the rinsing of the ovarian surface with 
saline at the end of the procedure, thereby cleaning the 
ovary of any blood (which cannot be done by OPU), 
provides an additional layer of safety towards avoiding 
the potential for adhesions with negative impact on 
future fertility of the animals. 
 

Step 3: In vitro embryo production 
 

Previously described standard bovine operating 
procedures and media were used in our studies for 
IVM/F/C to the blastocyst stage, in Holstein cattle and 
Mediterranean buffalo (Landry et al., 2016). In general, 
this seems to be the common procedure from what is 
found in the literature. Indeed, most articles show little-
to-no deviations in the procedures respect of those in 
use for oocytes from adult cows and heifers (Revel et 
al., 1995; Armstrong et al., 1997; Khatir et al., 1998; 
Majerus et al., 2000; Taneja et al., 2000; Kauffold et al., 
2005b; Currin et al., 2017).  

Fixing and staining of subsets of 
Holstein/Mediterranean calf-oocytes following IVM and 
IVF have allowed us identifying that ~80% of the calf 
oocytes can complete nuclear maturation. This suggests 
that this aspect of oocyte competence, i.e. the ability to 
resume meiosis and re-arrest at metaphase II with 
extrusion of the first polar body, may be adequate in 
calf-oocytes. However, the competence to undergo the 
cortical reaction following fertilization, a critical step 
for preventing polyspermy, is one aspect of oocyte 
competence that seems to be compromised. Lower 
number and delayed redistribution of cortical granules 
were observed by electron microscopy studies at the end 
of IVM, in bovine calf-oocytes respect of their cow 
counterparts (Damiani et al., 1996). This deficiency 
negatively impacts on the oocyte’s ability to manage 
monospermic fertilization and synchronous pronuclear 
formation. Consistent with the above, we found 
polyspermy rates of 20-45% as assessed by fixing and 
staining subsets of presumptive zygotes 15-20h 
following IVF. The rate of polyspermy was unaffected 
by the gonadotropin stimulation protocol but was 

affected by donor age (older = better) and insemination 
dose (lower = better). 

Overall, we obtained cleavage rates of 60-70% 
and the blastocyst yield around 14% of the total oocytes 
collected and >20% of those that cleaved. Development 
to the blastocyst stage was affected by gonadotropin 
treatment, with higher rates obtained for longer 
compared with shorter protocols, as well as for 
protocols combining FSH and eCG compared with FSH 
alone. This is consistent with previous studies in older 
animals (Hendriksen et al., 2000; Machatkova et al., 
2004) and non-stimulated bovine calves (Kauffold et 
al., 2005a), where oocytes collected from larger follicles 
were capable of higher rates of development to 
blastocyst.  

In the case of oocytes from buffalo calves, only 
50% of the oocytes were capable of nuclear maturation, 
indicating that further optimization of IVM conditions 
are necessary for increased IVEP efficiency. However, 
polyspermy rates (10-45%) were similar to those 
described above for Holstein calves and subject to the 
same variables (e.g. age, semen dose), and blastocyst 
yield was ~10%. 

Age was also a factor with influence on in vitro 
developmental capacity. The Holstein development 
rates to the blastocyst stage doubled at >130 days 
compared with <100 days of age (19.8 vs. 9.5) and 
embryo quality was also superior in the older age group, 
based on mean cell numbers in blastocysts fixed and 
stained on day 7 (119.1 ± 47 vs. 91.5 ± 25). These 
results, however, need to be interpreted with 
consideration for the fact that the animals were 
subjected to repeated hormonal stimulation and oocyte 
collection between the youngest and the oldest age in 
the study. Consequently, it is not possible to separate 
the effect of age from the effect that multiple hormonal 
treatments may have had on the oocyte competence of 
prepubertal animals at later ages. 
 

Step 4: Embryo transfer 
 

The developmental capacity of calf oocytes 
was further tested by transferring Day 7 blastocysts 
into adult recipients that were estrus synchronized. In 
the case of Holsteins, we transferred 21 blastocysts 
into an equal number of recipients, of which 13 
became pregnant (62%). Of those 13 pregnant 
recipients, only 9 were allowed to remain pregnant and 
100% of them carried their pregnancy to term. These 
results are comparable with those obtained with in 
vitro produced embryos in adult cows and a substantial 
component of the optimism for full development of the 
technology. While we still don’t understand entirely 
why only 10-20% of the oocytes recovered from 
Holstein calves are capable of development to 
blastocyst, it is very encouraging to see that those that 
do are capable of full development to term at similar 
rates as adult-derived blastocysts. In the case of 
Mediterranean buffalo, we had very limited access to 
adult animals, but 3 of 10 recipients transferred 
became pregnant (30%) and they should be calving in 
the next few months.  
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Balance and future research 
 
At current level of efficiency, if calves are 

collected by LOPU every 2 weeks between 2 and 6 
months of age (total 8 LOPU), the expectation would be 
to obtain in average a total of 180 oocytes/Holstein calf 
and these should result in an average of 25 transferable 
blastocysts/calf. Following transfer into recipients, the 
expectation would be to produce at least 12 calves 
which would be born before or around the time that the 
mother reaches the age and weight to be bred to the first 
time. This is the true power of this technology, the 
ability to accelerate genetic gain by shortening of the 
generational interval and the possibility to reach the 
market faster with the new generation of elite genetics. 

We believe the potential for further improving 
the efficiency of the technology is very realistic. Thirty 
years ago, during the early days of commercial IVEP in 
dairy cattle, expected results were one transferable 
blastocyst/Holstein cow per OPU. In current state of the 
art, the LOPU-IVEP technology applied to Holstein 
calves is already much more efficient. In addition, 
because of the larger number of oocytes per procedure 
that are collected per calf compared with cows, the 
potential for efficiency improvement is substantial. 

We visualize two major areas of research with 
focus on increasing oocyte competence in young 
heifers. The first area is hormonal priming, i.e. better 
conditioning of the ovaries to stimulate increased 
intrafollicular acquisition of oocyte developmental 
competence. As mentioned earlier, the target is 
increasing the proportion (and size) of large follicles, 
since there are no doubts this is linked to oocyte 
competence. This could be achieved by means of 
modifying/extending the period of gonadotropin 
stimulation. Another road for exploration could be 
coasting, i.e. a period of FSH starvation following FSH 
stimulation and prior to oocyte collection, which is 
standard practice in adult cow OPU (Nivet et al., 2012). 
However, this approach has yielded poor results when 
applied to a limited number of calves of <6 months of 
age (Baldassarre et al., 2017, McGill University, 
Quebec, Canada: Unpublished), which indicates that 
coasting procedures used in adult heifers and cows need 
to be adapted for the different hormonal environment of 
young calves.  

The second area is the development of IVM 
protocols specially tailored for promoting acquisition of 
competence by calf oocytes. In this regard, strategies for 
delaying nuclear maturation and improving cytoplasmic 
maturation should be considered. Also, supplementation 
of IVM medium with e.g. growth factors, cytokines and 
embryokines have the potential for allowing increased 
accumulation of developmental competence-critical 
molecules in calf ooplasms.  
  

Conclusion 
 

The LOPU-IVEP technology for 2-6-month-
old calves is currently at commercial levels of efficiency 
and has substantial potential for doubling or even 
tripling its performance in the near future. Although 

some efforts in this direction may continue at the 
academic level, the development of the platform to its 
full capacity will require funding commitment from the 
larger commercial companies in the bovine and buffalo 
genetics and assisted reproduction fields. For them, the 
justification may come in the form of a simple question, 
a question of time: is it worth having those elite calves 
born earlier?  
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Abstract 
 

The livestock sector has achieved many 
technological advances, which have resulted in 
continued improvements in animal production systems 
and in the reproductive efficiency of herds. The 
associated use of reproductive biotechnology and 
genetic improvements combined with adequate sanitary 
and nutritional management are essential conditions for 
sustainable intensified animal production and financial 
autonomy within farms. Timed artificial insemination 
(TAI) represents one of the strategies with the greatest 
impact of expansion in providing genetic improvements 
and increased reproductive efficiency at a decreased 
cost. Despite the high proportion of cows receiving TAI, 
this market still exhibits considerable potential for 
expansion. After a TAI procedure, approximately 40 to 
60% of females become pregnant. This result can vary 
depending on such factors as the hormonal protocol 
employed, female category, body condition score, 
ovarian status, farm management and aspects related to 
bulls and semen. The fertility and genetic quality of the 
bull plays an important role in the herd because a single 
bull can influence the entire production system. Another 
important strategy is the use of sex-sorted semen 
associated with TAI, primarily when associated with 
management practices to improve the pregnancy rate. 
This paper presents a review of the intensification of 
TAI, supplying practical information regarding the 
implementation of TAI commercial programs. 
 
Keywords: bull, conception rate, sex-sorted, pregnancy, 
timed artificial insemination.  
 

Introduction 
 

In the last two decades, the reproductive 
efficiency of cattle herds have achieved high success 
indexes due to the efforts of many studies focused on 
the development and improvement of reproductive 
biotechnologies, such as timed artificial insemination 
(TAI), superovulation and embryo transfer, as well as in 
vitro embryo production. In addition to reproductive 
techniques, genetic improvement programs have 
contributed greatly to increase livestock production, 
since these programs aim to select animals with the 
highest production merit. In this context, the combined 
use of reproductive biotechnologies with animals of 
high genetic quality has provided effective gains in both 
the quantity and the quality of livestock production 
systems. 

Currently, the Brazilian cattle herd is 
composed of 218.23 million head (Instituto Brasileiro 
de Geografia e Estatística - IBGE, 2016). Roughly 83 
million are reproductive-age cows, of which 26 million 
are intended for milk production, and approximately 57 
million females are beef cattle (Associação Brasileira de 
Inseminação Artificial - ASBIA, 2017). Despite this 
favorable scenario, artificial insemination (AI) is used in 
only 10% of beef females, which highlights this 
biotechnology’s great potential for expansion. 
Conversely, of the approximately 12 million 
insemination procedures performed annually (ASBIA, 
2017), 85% of all artificially inseminated cows undergo 
TAI (Baruselli et al., 2017b). Certainly, the extensive 
use of TAI in comparison to conventional AI is related 
to the practicality of management and the increase of 
reproductive efficiency, since the fixed-time technique 
enables the insemination of a large number of cows 
without requiring estrus detection. 

For a sustainable production system, the 
reproductive efficiency in both beef and dairy cattle is 
important. Thus, it is important to consider the number 
of calves produced, the genetic progress of the herd and 
the shorter interval between generations. To this end, we 
aim to present strategies that may be associated with the 
intensification of TAI management aimed at improving 
the reproductive efficiency and the productive 
sustainability of the farm. 
 

Factors influencing the conception rate in TAI 
 

The intensification of TAI is related to the 
reproductive and economic optimization of a herd, as 
well as the objectives of each property (Sá Filho et al., 
2014). Moreover, the use of ovulation synchronization 
protocols enables the initiation of reproductive 
management in the early postpartum period, resulting in 
satisfactory and predictable rates when applied at 
properties with adequate nutritional and sanitary 
management. The breeding season allows a 
concentrated reproductive period and achiement of 
conception rates higher than 80% (Marques et al., 
2015). However, the exogenous control of follicular and 
luteal phases is fundamental because it permits the 
planning of programs without the need for estrus 
detection, and that associated with the early diagnosis of 
pregnancy can increase the reproductive performance of 
cattle (Vasconcelos et al., 2006; Pugliesi et al., 2017). 

The programmed breeding season is an 
important strategy for reproductive management in 
cattle. In practice, in beef cattle, the programmed 
breeding season aims to concentrate pregnancies and the
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calving season in favorable climatic conditions with greater 
pasture availability for matrices and calves (Sá Filho et al., 
2013). The immediate benefits of the programmed 
breeding season are related to optimization of hand 
labor, insemination of suckling females, organization of 
reproductive seasons, genetic improvements, reduction 
of the calving interval, and concentration of parturitions 
and weaning lots. As such, the body condition score 
(BCS) is a highly important tool for helping practitioners 
establish an optimal TAI program (Fig. 1). 

Variation in the BCS can generate a series of 
changes in the reproductive performance of cows. A 
low BCS can be associated with a high number of 
services per conception, increased intervals between 
calving and high percentage of non-pregnant cows 
(Ferreira et al., 2013). Figure 2 shows the pregnancy 
rate of cows subjected to TAI program according to 
BCS. 

Currently, pharmacological protocols for 
ovulation synchronization have reached a level of high 
efficiency for most situations on the farm. However, 
small adjustments according to the category of female 
(heifers, primiparous or multiparous; Table 1), BSC, 
postpartum period, ovarian status and subspecies (Bos

taurus or Bos indicus) may be necessary for greater 
efficiency with TAI. Recently, Baruselli et al. (2017b) 
reviewed a large number of studies that used several 
TAI protocols with 3 or 4 handlings in which the source 
of progesterone (P4) was maintained for 8 or 9 days and 
concluded that in all situations, the pregnancy rate was 
similar. The choice of ovulation synchronization 
protocol should be based on the rational use of hand 
labor, promoting efficient management from both the 
reproductive and logistic perspectives of the farm 
(Marques et al., 2015).  

To maintain a 365-day interval between 
calving and to improve reproductive efficiency, it is 
necessary to manage the reproductive records properly 
and to maintain the organization of the farm. The 
collection of the data for control of animals should begin 
with the calves’ birth and to continue throughout the 
productive life. During the breeding season, 
intensification in maintaining accurate records of the 
animals age, breed, category, BCS, postpartum period, 
protocol used, device loss, semen data, and 
inseminator (Fig. 3) enables better management of 
reproductive rates and detection of possible failures 
(Smith et al., 2012). 

 

 
Figure 1. Influence of the body condition score (BCS) on the return of cyclicity in bovine females. Adapted from 
Houghton et al. (1990). 
 

 
Figure 2. Effect of body condition score (BCS) on the pregnancy rate in cows that underwent timed artificial 
insemination (TAI) in the 2016/2017 breeding season (Marques et al., 2018; Geraembryo, Cornélio Procópio, 
Parana, Brazil; unpublished data). 
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Table 1. Conception rates of Nelore heifers, primiparous and multiparous lactating cows after the first and second 
TAI (resynchronization). 

Category First TAI 
% (n/N) 

Second TAI 
% (n/N) 

First + Second TAI 
% (n/N) 

Heifers 57 (514/903) 66a (256/389) 85a (770/903) 

Primiparous 51 (173/338) 51b (84/165) 76b (257/338) 

Multiparous 56 (680/1,223) 51b (278/543) 78b (958/1,223) 
Adapted from Marques et al. (2015). 
 
 

 
Figure 3. Effect of inseminator on the pregnancy rate after timed artificial insemination (TAI) in the 2006 breeding 
season (Marques et al., 2018; Geraembryo, Cornélio Procópio, Parana, Brazil; unpublished data). 
 

Impact of the bull used for TAI 
 

The right selection of a bull according to the 
zootechnical value can add considerable genetic gains 
to the productive and reproductive efficiency of the 
herd. The bull can determine many characteristics in 
the progeny, such as weight at birth and weaning, age 
at puberty, weight gain, meat quality, milk production, 
probability of conception, age at first calving, and 
calving ease. Often, the choice of the bull is an 
accessible selection criterion with high repeatability 

and high heritability of reproductive biological 
potential (Fonseca et al., 1992). It is important to note 
that there is great variability in individual fertility 
among bulls, even those with high genetic value and 
certificate of breeding soundness, and this difference 
in fertility may determine higher or lower reproductive 
performance in herds. For example, field studies 
conducted by our team with TAI in suckling Nelore 
cows identified the individual influence of bull fertility 
on conception rate (Fig. 4) and weight at weaning 
(Table 2). 

 

 
Figure 4. Conception rate in suckling Nelore cows (Bos indicus) using different Angus bulls for TAI during the 
2016/2017 breeding season. Rates followed by different letters (a or b) were significantly different (P ≤ 0.05) 
(Marques et al., 2018; Geraembryo, Cornélio Procópio, Parana, Brazil; unpublished data). 
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Table 2. Weight at weaning and weight difference in the male calf (Angus x Nelore), using different Angus bulls for 
TAI during the 2015 breeding season. 

Bull N° animals 
(n) 

Weight at weaning 
(kg) 

Weight difference 
(kg) 

A 36 256.4 +15.0 
B 36 243.5 +2.0 
C 32 242.4 0 
(Marques et al., 2018; Geraembryo, Cornélio Procópio, Parana, Brazil;unpublished data). 
 
 

Use of sexed semen in TAI 
 
The sex of the offspring is considered a 

determinant factor for productive and economic 
performance in both beef and dairy cattle. The male calf 
classically has little or no zootechnical value compared 
to the female calf in dairy cattle. Conversely, in beef 
cattle, the male calf is more valuable due to its greater 
potential for production and consequently higher 
aggregate economic value. In this context, many studies 
have focused on strategies to promote the birth of 
offspring of the desired sex and consequently increase 
the efficiency of production systems (Pontes et al., 
2010; Morotti et al., 2014; Pellegrino et al., 2016). Due 
to the discard of a large number of spermatozoids and 
due to the slow processing speed, the doses of sexed 
semen are commercialized with approximately 2 x 106 

of spermatozoa/straw (Garner, 2006; Schenk et al., 
2009). 

The overall conception rate with sexed semen 
tends to be 50 to 60% of the rates found with 
conventional semen in cows and 70 to 90% in heifers 
(Seidel et al., 1999; Seidel and Schenk, 2008; Butler et 
al., 2014). Moreover, even in heifers, conception tends 
to decrease with an increase in the number of services 
(47% for the 1st, 39% for the 2nd and 32% for the 3rd 
service; DeJarnette et al., 2009). Recently, seminal 
sexing has been performed based on next-generation 
technologies, for example, the use of SexedULTRATM 
(Sexing Technologies, Navasota, TX), which provides 
sex-sorted semen that is commercially available for 

dairy and beef cattle (Thomas et al., 2017; Vishwanath 
and Moreno, 2018). With this semen type, adjustments 
in the composition of the medium that include the pre-
staining seminal treatment, modifications in the staining 
medium itself and the freezing extenders contribute to 
greater balance and pH maintenance for prolonged 
times. Moreover, this sex-sorted semen is presented at a 
concentration of 4 x 106 spermatozoa per straw (de 
Graaf et al., 2014; Thomas et al., 2017; Vishwanath and 
Moreno, 2018).  

In Brazil, using this alternative of sex-sorted 
semen in beef cattle, Baruselli et al. (2017a) performed 
two studies in suckled Nelore cows that received the 
same TAI protocol for insemination with conventional 
semen vs. the different methodology of sex-sorted 
semen from three Nelore (sex-sorted for female, study I, 
n = 796) or three Angus bulls (sex-sorted for male, 
study II, n = 613). The cows were subjected a similar 
protocol (Fig. 5); however, the cows’ handling was 
performed at the end of the day (5:00 to 7:00 pm), and 
TAI was accomplished on the morning of day 11 (5:00 
to 7:00 am; 60 h after P4 device removal). In study I, 
there was no difference (P > 0.05) in the pregnancy rate 
among bulls, farms or interaction. However, there was a 
difference (P < 0.0001) in pregnancy rate for TAI 
according to the semen methodology used (Table 3). In 
study II, the pregnancy rate was similar between the 
groups (P = 0.10). Although an effect of the farm was 
observed (P = 0.03), there was no difference in the 
pregnancy rate between bulls (P > 0.05), and no 
interaction was observed (P > 0.05).  

 
Table 3. Pregnancy rate in suckled Nelore (n = 1,409) subjected to TAI and inseminated with conventional semen or 
different methodologies of sex-sorted semen. 

Studies Groups Methodology Pregnancy rate 
% (n/N) 

I  
N

el
or

e 
bu

lls
 Conventional semen (20 x 106 sptz) Frozen semen without sexing 52.0a (112/199) 

Sex-sorted (2,1 x 106 sptz) Previous sexing methodology 28.2c (58/206) 

Sex-ultra 2 (2,1 x 106 sptz) Current sexing methodology 37.6bc (72/191) 

Sex-ultra 4 (4 x 106 sptz) Current sexing methodology with 
enhanced concentration 43.0b (86/200) 

    

II
  

A
ng

us
 b

ul
ls

 Conventional semen (20 x 106 sptz) Frozen semen without sexing 51.2 (107/209) 

Sex-ultra (4 x 106 sptz) Current sexing methodology with 
enhanced concentration 37.6  (84/200) 

Sex-ultra pure (4 x 106 sptz) 
Current sexing methodology with 
enhanced concentration (withbremoval 
of dead sptz) 

43.0 (88/204) 

Adapted from Baruselli et al. (2017a). 
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A recent study evaluated the strategy of using 
sexed semen in a commercial application for TAI in 
beef cattle. Using Sex-ultra semen (current sexing 
methodology with enhanced concentration) with 4, 6 
and 8 x 106 sperm per dose from a single Aberdeen 
Angus bull, Nelore cows (n = 281) were submitted to 
TAI (Marques et al., 2018; Geraembryo, Cornélio 
Procópio, Parana, Brazil; unpublished data) according to 
the protocol depicted in Fig. 5. As shown in Fig. 6, no 
differences were found in the pregnancy rates when 

different concentrations of spermatozoa per dose were 
employed.  

Interestingly, the data cited in Fig. 6 with sexed 
semen highlights a strategy with high efficiency for the 
use of sex-sorted semen in commercial field conditions. 
As such, we emphasize the positive results achieved 
(pregnancy rate higher than 50%), which can be 
attributed to the new methodology of sexed semen and 
also to the fact that this semen was only used in cows 
that expressed estrus, as indicated by unpainted tails. 

 

 
Figure 5. Scheme of TAI protocol performed in suckled Nelore cows inseminated with Sexed-ultra (cows unpainted 
at the base of the tail / estrus expression) or conventional semen/Non-sorted (cows painted at the base of the tail/no 
estrus expression) during the 2017 breeding season (Marques et al., 2018; Geraembryo, Cornélio Procópio, Parana, 
Brazil; unpublished data). 
 

 
Figure 6. Conception rate in multiparous Nelore cows subjected to a timed artificial insemination (TAI) protocol 
with different Sexed-ultra doses of semen (cow in estrus) or conventional semen (no estrus) during the 2017 
breeding season (Marques et al., 2018; Geraembryo, Cornélio Procópio, Parana, Brazil; unpublished data). Values 
denoted using lowercase letters (a-b) were different between Sexed-ultra and conventional semen. No difference 
(P = 0.320) was observed among Sexed-ultra doses). 
 

Sanitary control of gestational losses in TAI 
programs 

 
Gestational losses in TAI programs may occur 

due to a variety of factors, such as genetics (e.g., 
anomalies), nutrition (e.g. deficiency and/or excess of 

macro or microelements), and zootechnological and 
health handlings (Junqueira and Alfieri, 2006). While 
non-infectious causes are the main reason for 
reproductive losses in beef cattle, sanitary management 
is highly important because infectious diseases can 
cause pregnancy failures leading to direct or indirect
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economic losses (Aono et al., 2013; Alfieri and Alfieri, 
2017; Zangirolamo et al., 2017). Approximately 37 to 
57% of gestational losses in cattle are caused by 
infectious diseases (Khodakaram-Tafi and Ikede, 2005; 
McEwan and Carman, 2005). 

Aono et al. (2013) demonstrated that 
primiparous lactating Nelore cows vaccinated against 
BVD, BoHV-1, and Leptospira spp., showed lower 
gestational losses compared to unvaccinated herds, 
highlighting the importance of the control of these 
agents for reproductive efficiency in Brazilian cow-calf 
operations. These authors also concluded that it is best 
to vaccinate cows against these pathogens when the two 
doses are administered before TAI to ensure maximum 
antibody response and optimal reproductive outcomes. 
Similar results were described for lactating dairy cows 
vaccinated against BVD, BoHV-1, and Leptospira spp. 
and submitted to AI (Pereira et al., 2013).  

Ferreira et al. (2016) reported that beef cows 
vaccinated against foot-and-mouth virus resulted in a 4-
fold increase in gestational loss when vaccinated 30 
days after TAI compared with 31 days before TAI. The 
authors suggested that these outcomes can be associated 
with inflammatory and acute-phase reactions elicited by 
the foot-and-mouth vaccine. Similarly, a greater 
gestational loss was observed in Nelore heifers with 
twin gestations compared to heifers presenting a single 
gestation (Marques et al., 2017). 

 
Conclusions 

 
The livestock system has achieved 

representative technological advances in recent decades. 
TAI in particular has facilitated dissemination of high 
quality genetics, thereby improving the reproductive 
performance of herds. For the efficient use of this 
reproductive biotechnology, it is important to emphasize 
systematic control of the factors that affect TAI, control 
of gestational losses and the choice of bulls based upon 
fertility and genetic performance. In addition, sex-sorted 
semen can be considered a well-established reproductive 
biotechnology. Finally, the rational use of all of the 
strategies described in this review can contribute to 
intensification of TAI on the farm and improve the 
productive and reproductive performance of cattle. 
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Abstract 
 

Epigenetic mechanisms allow the 
establishment and maintenance of multiple cellular 
phenotypes from a single genomic code. At the 
initiation of development, the oocyte and spermatozoa 
provide their fully differentiated chromatin that soon 
after fertilization undergo extensive remodeling, 
resulting in a totipotent state that can then drive cellular 
differentiation towards all cell types. These remodeling 
involves different epigenetic modifications, including 
DNA methylation, post-translational modifications of 
histones, non-coding RNAs, and large-scale chromatin 
conformation changes. Moreover, epigenetic 
remodeling is responsible for reprogramming somatic 
cells to totipotency upon somatic cell nuclear 
transfer/cloning, which is often incomplete and 
inefficient. Given that environmental factors, such as 
assisted reproductive techniques (ARTs), can affect 
epigenetic remodeling, there is interest in understanding 
the mechanisms driving these changes. We describe and 
discuss our current understanding of mechanisms 
responsible for the epigenetic remodeling that ensues 
during preimplantation development of mammals, 
presenting findings from studies of mouse embryos and 
when available comparing them to what is known for 
human and cattle embryos. 
 
Keywords: bovine, epigenetics, embryo, preimplantation 
development, histone modifications, DNA methylation. 
 

Introduction 
 

The simplicity of the morphological changes 
that occur during early embryo development, mostly 
cleavage division at initial stages, masks the molecular 
events that underlie the profound and dynamic 
remodeling of the embryonic transcriptome and 
epigenome during this period. Pre-implantation 
development in all animal species encompasses unique 
features, such as drastic transcriptional and epigenetic 
remodeling (Bogliotti and Ross, 2015). Epigenetic 
information, in the form of histone modifications and 
DNA methylation, is generally stable, due to its capacity 
to be inherited from cell to cell after mitosis; and 
flexible, since it can be modified, e.g., during cellular 
differentiation. The epigenetic information of the sperm 
and oocyte is extensively remodeled with formation of 
the embryo and this remodeling is likely critical to 
generate the proper pattern of embryo gene expression 
required for continued development. Interestingly, some 

genomic features escape epigenetic erasure in the 
embryo, e.g., DNA methylation of imprinting marks and 
some retrotransposons (Messerschmidt, 2012).  

The early stages of pre-implantation 
development occur in the absence of transcription and 
development relies on maternal proteins and mRNAs 
stored in the cytoplasm of the oocyte during oocyte 
growth and maturation (Tadros and Lipshitz, 2009). The 
transition from maternal to embryonic control of 
development includes the degradation of maternal 
products and the activation of the embryonic genome 
(EGA). EGA is marked by a massive transcription from 
the embryonic genome that is vital for further 
embryonic development. EGA occurs in a species-
specific timing: in mice at the early 2-cell stage 
(Schultz, 1993), in pigs at the 4-cell stage (Jarrell et al., 
1991), and in humans and cattle at the 8-cell stage 
(Braude et al., 1988; Memili and First, 2000; Graf et al., 
2014). Evidence suggests that the drastic epigenetic 
remodeling observed during early development is 
needed for the correct activation of the embryonic 
genome. Nonetheless, the mechanisms and the identity 
of genes remodeled during this critical developmental 
period in most mammalian species are largely unknown.  
 

Epigenetic remodeling during early development 
 

The epigenetic information of sperm and 
oocytes is extensively remodeled with formation of 
totipotent blastomeres (Zhou and Dean, 2015). This 
remodeling is thought necessary to reset the epigenetic 
status of the differentiated gametic genomes into a 
totipotent embryonic state to support a pattern of gene 
expression required for successful development. While 
this extensive epigenetic remodeling takes place, some 
genomic features escape epigenetic erasure in the 
embryo, e.g., imprints and some retrotransposons 
(Messerschmidt, 2012). A large part of this 
reprogramming is driven by oocyte factors of maternal 
origin. The capacity of the oocyte to “induce” 
epigenetic reprograming is best evidenced in the case of 
somatic cell nuclear transfer (SCNT), where a somatic 
cell nucleus is stripped-off its epigenetic-enforced cell 
fate and made amenable to drive the full developmental 
program. While sometimes complete, epigenetic 
reprogramming after SCNT is not always fully achieved 
resulting in inefficiencies associated with cloning 
animals by nuclear transplantation. Thus, SCNT/cloning 
represents an excellent model to understand epigenetic 
mechanisms, differentiation, and reprogramming (Long 
et al., 2014).  
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At the molecular level, epigenetic information is 
represented mainly by DNA methylation and 
posttranslational histone modifications. While global 
changes in epigenetic information during 
preimplantation development and after SCNT have been 
studied, much less is known about the locus-specific 
changes of these epigenetic marks across the genome. 
The current available data is mostly for mice, and while 
informative, some differences in development between 
mice and livestock species indicate that it will be 
important to gather species-specific knowledge if a clear 
understanding of early development is desired, which 
could fuel applications such as in vitro embryo 
production, SCNT, and epigenetic selection and editing 
for improved phenotypes. 

Although there are more research resources and 
tools for mouse than for other mammalian species, 
substantial advances in current genomic technologies 
have effectively leveled the playing field for many other 
species, such as cattle. The advent of sequencing 
technologies to determine transcriptomic and 
epigenomic features have demonstrated that similar 
information can be readily collected in any species for 
which a high quality and well annotated genome exists, 
e.g., cattle, sheep, pigs. Furthermore, siRNA and gene 
editing technologies like CRISPR/Cas9 now allow 
generation of knockdown (KD) and knockout (KO) 
embryos/animals, respectively, in almost any species. 
For modeling human development, cattle 
preimplantation embryos have similarities to human in 
areas in which mice differ, such as a similar timing for 
genome activation and reprogramming gene expression, 
and a more similar genome sequence and organization 
(Bovine Genome Sequencing and Analysis Consortium, 
2009). For example, a recent comparison of RNA-seq 
data between human, mouse, and cattle embryos across 
different stages of preimplantation development found 
more similarities in the transcriptomes between bovine 
and human than mouse and human, indicating that 
bovine embryos are an excellent model to study human 
preimplantation development (Jiang et al., 2014). 

It is quite possible that species differences in 
timing of the major EGA, when the dramatic 
reprogramming in gene expression occurs and is 
essential for further development, could reflect 
differences in epigenetic remodeling leading to EGA. In 
mice, EGA occurs during first cell cycle (Schultz, 1993; 
Hamatani et al., 2004) and is characterized by a 
widespread promiscuous production of unprocessed 
transcripts that precedes the major period of EGA (Abe et 
al., 2015), which is associated with an open chromatin 
state (Wu et al., 2016). In contrast, the major EGA occurs 
after 3-4 cell cycles (8/16 cell stage) in cattle and human 
embryos, which can develop to the 8/16-cell stage in the 
absence of embryonic transcription (Camous et al., 
1986; Kopecny, 1989), although transcription is 
detectable in 2- and 4-cell stage bovine embryos (Viuff 
et al., 1996; Memili et al., 1998). 

Also, differences between mouse and human 
embryos are apparent during the first embryo 
differentiation events. Single-cell analysis in human 
embryos revealed marked differences between human 

and mouse embryos with respect to lineage specification 
in the early embryos and X-chromosome inactivation 
(XCI) (Petropoulos et al., 2016). Whereas mouse 
embryonic cells segregate first into inner cell mass 
(ICM) and trophectoderm (TE) and then the ICM cells 
differentiate into epiblast (EPI) and primitive endoderm 
(PE), in human embryos the first differentiation event 
leads to the simultaneous formation of EPI, PE, and TE 
lineages, with some earlier cells co-expressing markers 
for all three lineages (Petropoulos et al., 2016). In terms 
of XCI, whereas mouse embryos undergo imprinted 
inactivation of the paternal X-chromosome prior to the 
blastocyst stage, human embryos express both 
chromosomes and accomplish dosage compensation by 
down-regulating gene expression levels (Petropoulos et 
al., 2016). Recent application of CRISPR/Cas9 
technology to human and cattle embryos has highlighted 
different consequences of OCT4 gene inactivation for 
these species compared to mice. Generation of KO 
embryos by direct injection of CRISPR/Cas9 in human 
(Fogarty et al., 2017) or cattle embryos (Daigneault et 
al., 2018) or by SCNT from CRISPR/Cas9 edited 
bovine fibroblasts (Simmet et al., 2018), showed 
similarities in the role of OCT4 in bovine and human 
embryos, while differing from results obtained in 
OCT4-KO mice. 

 
Chromatin conformation changes during 

preimplantation development 
 

Alterations in chromatin structure due to for 
example histone modifications, modulate transcription 
by allowing or restricting transcription factors access to 
genome regulatory elements. Generally, chromatin 
organization and TF binding dictate the impact of 
regulatory elements on gene expression (Kouzarides, 
2007; Schep et al., 2015). Since regulatory regions, like 
promoters and enhancers, are generally more accessible 
(Gross and Garrard, 1988), mapping open chromatin 
can identify potential regulators based on sequence 
motif analyses (Buenrostro et al., 2013; Lara-Astiaso et 
al., 2014; Lavin et al., 2014). Assays to map open 
chromatin at a genome-wide level have been developed 
and recently optimized for low cell numbers. DNase-seq 
and ATAC-seq can be performed with as little as a 100 
cells (Buenrostro et al., 2013; Buenrostro et al., 2015; 
Cusanovich et al., 2015) and have been applied to 
mouse early embryos (Lu et al., 2016; Wu et al., 2016). 
ATAC-seq data has shown that open chromatin regions 
develop as clusters and are enriched for retrotransposon 
genes. Importantly, these open chromatin regions 
disappear in the presence of the transcriptional inhibitor 
α-amanitin, indicating that chromatin opening is 
transcription dependent (Wu et al., 2016). DNase-seq of 
mouse preimplantation embryos has shown that 
expressed genes are associated with open chromatin 
regions, and that inactive genes associated with open 
chromatin are activated at later developmental stages 
(Lu et al., 2016), indicating a poised chromatin status. 
Also, detection of chromatin organization by Hi-C 
methodology indicated that the often-conserved higher 
order chromatin associations are disorganized in mouse
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MII oocytes and become established as embryos initiate 
gene expression (Flyamer et al., 2017). Application of 
global chromatin accessibility assays to bovine 
preimplantation embryos could provide important 
information towards understanding the dynamics of 
nuclear reprogramming in species with delayed 
embryonic genome activation.  

 
DNA methylation remodeling during 

preimplantation development 
 

DNA methylation is an epigenetic modification 
essential for normal mammalian development (Li et al., 
1992; Okano et al., 1999). DNA methylation consists of 
the addition of a methyl group to the fifth carbon 
position of cytosine residues in the DNA (5-mC), 
catalyzed by DNA methyltransferases (DNMT1 for 
maintenance and DNMT3A and DNMT3B for de novo 
methylation). DNA methylation exert its effects by 
blocking access to genome regulatory regions, but also 
by recruiting transcriptional repressors and/or chromatin 
modifiers to a specific genome location. In general, 
DNA methylation is associated with transcriptional 
repression (Schultz et al., 2015); however, this 
simplistic view is not always the case, and DNA 
methylation can be associated with different gene 
expression states depending on the genomic context. For 
example, it has been observed that gene body DNA 
methylation is often indicative of active transcription 
(Hellman and Chess, 2007; Cotton et al., 2009; 
Kobayashi et al., 2012; Schroeder et al., 2015), as is the 
case in oocytes and placental tissue of different 
mammals including cattle (Schroeder et al., 2015). 

It has been well established that the levels of 
DNA methylation, which are relatively high in sperm 
and at intermediate levels in the oocyte, decrease during 
preimplantation development. Early immunostaining 
data indicated that methylated cytosines were rapidly 
and actively removed from the paternal genome, while a 
gradual, replication dependent passive removal occurred 
at the maternal genome (Mayer et al., 2000). The 
discovery of TET mediated 5-mC oxidation to 5-
hydroxymethyl cytosine (5-hmC) helped clarify the 
reasons for rapid 5-mC immunoreactivity disappearance 
from the male PN, as a result of a remarkable global 
conversion of 5-mC to 5-hmC primarily at the paternal 
genome. Thus, active DNA demethylation of the 
paternal genome has been ascribed to TET activity 
(Iqbal et al., 2011). However, it is important to highlight 
that 5-hmC is a biochemically methylated cytosine, 
although at an oxidized state, and that further processing 
would be required for getting an unmethylated cytosine 
in the same position (Gkountela and Clark, 2014). On 
the other hand, since 5-hmC is only poorly recognized 
by DNMT1, its presence can lead to passive 
demethylation, by preventing maintenance methylation. 
Indeed, 5-hmC labeling of chromosome spreads in 
blastomeres from zygote to 8-cell embryo showed that 
this mark is mainly localized at the paternal 
chromosomes, and most of those genomic regions were 
demethylated in a DNA replication dependent manner 
(Inoue and Zhang, 2011).  

The differential activity of TET3 on the male 
and female derived genomes results from the protective 
effect of DPPA3 (a.k.a. STELLA/PGC7). DPPA3 is one 
of the most abundant transcripts in oocytes and protects 
5-mC from TET3-mediated conversion to 5-hmC by 
binding to chromatin containing H3K9me2, which is 
abundant in the oocyte and but mostly lacking in sperm, 
with some H3K9me2 observed in paternally imprinted 
genes of the mature sperm (Nakamura et al., 2012). 
Although DPPA3 has a very low amino acid sequence 
conservation between mouse, human and cows (~30% 
identity) Payer et al., 2003; Thelie et al., 2007), the 
function of protecting the female genome from TET3 
activity is conserved across these species (Bakhtari and 
Ross, 2014a).  

In mice, the mechanisms for protecting 
imprinted genes from replication-induced passive 
demethylation have been well characterized and ZFP57. 
This protein recognizes a methylated hexanucleotide 
sequence present at imprinted control regions and 
associates with TRIM28 (a.k.a. KAP1), resulting in 
recruitment of DNMT1 to the imprinted control region 
and therefore maintaining the methylation status at the 
imprinted control region after DNA replication 
(Messerschmidt et al., 2012). Interestingly, ZFP57 is 
not expressed in human or cow oocytes, suggesting that 
other mechanisms for protection of imprinting must 
exist in these species (Okae et al., 2014). The oocyte-
specific DNMT1o is mainly located at the cytoplasm of 
preimplantation embryonic blastomeres and enters the 
nucleus only at the 8-cell embryo stage (Howell et al., 
2001).  

Recent studies suggest a big role for DNA 
replication dependent (passive) demethylation, either 
from a native (5mC) or oxidized (5hmC) form; 
however, a small contribution for active demethylation 
cannot be excluded. Such active demethylation, if 
present would only be minor. Importantly, the role of 
Thymine DNA Glycosylase (TDG) in active 
demethylation in the zygote was discarded by studying 
mutant mice, implying that other enzymatic activity 
could be responsible (Gkountela and Clark, 2014). 

DNA demethylation is necessary for epigenetic 
reprogramming of the somatic nuclei (Simonsson and 
Gurdon, 2004); and is partly mediated by TET activity 
(Gu et al., 2011). However, donor cell DNA is often 
only partially demethylated (Reik et al., 2001), resulting 
in cloned embryos with increased DNA methylation 
levels when compared to fertilized ones (Wossidlo et 
al., 2011).  

Imprinted genes are regulated by parental 
specific DNA methylation and are often altered during 
cloning (Smith et al., 2012) and other assisted 
reproductive technologies (ART) in cattle (Smith et al., 
2015), as well as in humans (Nelissen et al., 2014). 
Alterations of the epigenetic control of imprinted genes 
during the in vitro embryo development, have been 
suggested as the main reason for the appearance of the 
Large Offspring Syndrome (LOS) (Young et al., 1998; 
Young et al., 2001). In humans, imprinted genes 
alterations during ARTs have been associated to the 
increased occurrence of syndromes including Beckwith-
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Wiedemann, Prader-Willi, Russell-Silver, and 
Angelman (Amor and Halliday, 2008). 

In bovine, the presence of DNMT3A, 
DNMT3B, and DNMT3L during oocyte growth is 
related to the establishment of imprinted genes 
(O'Doherty et al., 2012). During subsequent phases of 
development, whereas DNMT1 and DNMT3A are 

present (Golding et al., 2011), it seems that DNMT3B is 
the major responsible for the control of methylation 
levels (Dobbs et al., 2013). Besides these methylation 
writers, the dynamic of the main erasers has been also 
described in bovine development. The expression of 
TET family is also required for demethylation process 
(Bakhtari and Ross, 2014b; Figure 1). 

 
 

 
Figure 1. Epigenetic landscape in bovine preimplantation embryos. (A) Dynamics of DNA methylation levels and 
embryonic genome activation. (B) Global levels of epigenetic writers and erasers during bovine preimplantation 
embryo development. 
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Histone modification remodeling during 
preimplantation development 

 
In Eukaryotes, the DNA is packaged in 

chromatin inside the nucleus. The nucleosome 
constitutes the basic unit of chromatin and consists of a 
segment of DNA (~147bp), wrapped twice around an 
octamer of histone core proteins (two copies of: H2A, 
H2B, H3, and H4) (Kornberg, 1974). The amino 
terminal (N-terminal) portions of the histone proteins 
remain outside of the nucleosome core and can be subject 
to post-translational modifications (Luger and Richmond, 
1998). Histone modifications can include 
phosphorylation, ubiquitylation, sumoylation, acetylation, 
and methylation, among others. Histone modifications 
can have different consequences for chromatin 
compaction and accessibility as well as being recognized 
by different transcription factors and regulators; thus, 
histone modifications can have varied effects on gene 
expression. In general, histone acetylation is associated 
with a more relaxed chromatin state that is permissive 
for gene expression. Histone methylation can take place 
at arginine (R) or lysine (K) residues. Methylation at 
lysine residues is one of the most studied marks and can 
signal either activation or repression, depending on the 
sites of methylation and the number of methyl groups 
(mono- (me1), di- (me2) or tri- (me3)), which are added 
in a stepwise progressive manner. Histone methylation is 
generally regarded as a relatively stable epigenetic 
mark, with the rate of histone methyl group turnover 
similar to that of histone turnover (Bannister et al., 
2002; Margueron et al., 2009).  

Sperm chromatin is unique in that most histone 
proteins are replaced by protamines (Braun, 2001). 
Upon fertilization, protamines are rapidly exchanged 
with maternal histones that subsequently become 
methylated at position H3K4. On the other hand, oocyte 
DNA is wrapped around modified histones, e.g., 
H3K9me2/3, H4K20me3, H3K36me3, H3K27me3 and 
H3K64me3. These differences create an asymmetry in 
epigenetic signatures of maternal and paternal genomes 
readily observed by immunostaining of PN-stage 
embryos, and persist in 2-cell embryos (Lepikhov et al., 
2008). How this asymmetry impacts gene expression is 
not known. Furthermore, in humans, an estimated 5-
15% of the sperm DNA is associated with histones 
bearing specific modifications (Gatewood et al., 1987; 
Hammoud et al., 2009), and some sperm histones may 
contribute to gene regulation during early development 
(van der Heijden et al., 2009). In mice, over-expressing 
a histone demethylase during spermatogenesis results in 
increased levels of H3K4me2 and RNA in the sperm 
and impaired offspring health for the next 3 generations, 
suggesting that alterations to the sperm epigenome has 
transgenerational effects (Siklenka et al., 2015). 
However, it is not clear to what extent paternal histones 
are inherited by the offspring and contribute to 
embryonic chromatin. 

During epigenetic remodeling of bovine 
embryos, few histone methyltransferases are in charge 
to ensure the correct maintenance of the epigenome. 
The most characterized writers are EHMT1/2, 

SUV39H1/H2, SETDB1 and EZH2, which are 
responsible for the methylation of H3K9me2, 
H3K9me3, and H3K927me3, respectively (McGraw et 
al., 2007; Ross et al., 2008; Golding et al., 2015; Zhang 
et al., 2016; Fig. 1). 

Global levels of the repressive H3K27me3, 
H3K64me3, and H4K20me3 marks, highly abundant on 
the maternal genome, decrease after fertilization but re-
establish to oocyte levels by the blastocyst stage (Ross 
et al., 2008; Daujat et al., 2009; Wongtawan et al., 
2011). Loss of these repressive marks is driven by 
active mechanisms, as opposed to passive dilution with 
each cell division, because inhibiting DNA replication 
with aphidicolin does not prevent the decrease in 
H3K64me3 (Daujat et al., 2009) or H3K27me3 
(Canovas et al., 2012). Expression of enzymes 
responsible for removal of the methylation marks from 
H3K4 (KDM1A, KDM1B, KDM2B, KDM5A, KDM5B 
and KDM5C), H3K9 (KDM3A, KDM3B, KDM3C, 
KDM4A, KDM4B and KDM4C), and H3K27 
(KDM6A, KDM6B and KDM7A) were recently 
characterized in bovine early development (Glanzner et 
al., 2018; Fig. 1). 

In cattle, H3K27me3 is removed during 
cleavage divisions catalyzed by KDM6B (JMJD3) 
activity. Down-regulation of KDM6B in cattle oocytes, 
which prevents the decrease in H3K27me3, results in 
impaired EGA and reduced development to blastocyst, 
in both parthenogenetic (Canovas et al., 2012) and 
fertilized (Chung et al., 2017) embryos. 

In mouse, KDM6B depletion in 
preimplantation embryos alters H3K27me3, preventing 
CDX2 and GATA3 expression from the embryonic 
genome and results in improper TE development and 
implantation failure (Saha et al., 2013). Similarly, 
deletion of JMJD2C, a demethylase specific for the 
repressive H3K9me3 mark, causes arrest of 
development before the blastocyst stage (Wang et al., 
2010). Furthermore, down-regulation of KDM1A, a 
demethylase with activity towards H3K4me1/2 and 
H3K9me2, results in increased H3K9me3 and 
H3K4me1/2/3 levels and impaired genome activation 
with developmental arrest at the 2-cell stage in mouse 
(Ancelin et al., 2016). These studies highlight the 
important role for the active removal of repressive 
histone marks in reactivating gene expression and 
further embryo development.  

Acquisition of activating epigenetic marks, 
such as H3K4me3, is also critical for development. 
Deletion of Mll2, which encodes an H3K4 methylases 
results in 2-cell stage arrest in mouse (Andreu-Vieyra et 
al., 2010). Similarly, overexpression of a K-to-M 
mutant histone H3, which cannot be methylated at K4, 
results in a decreased level of minor activation of the 
paternal genome and subsequent major EGA, 
decreasing preimplantation development (Aoshima et 
al., 2015). Furthermore, gene inactivation is also 
regulated by the absence or removal of activating 
marks. For example, using ChIP and qPCR, loss of 
H3K4m3 rather than acquisition of H3K9me3 was 
associated with retrotransposon silencing in mouse 
embryos (Fadloun et al., 2013). Absence of H3K4me3
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demethylase (KMD1A) in oocytes leads to deficient 
suppression of LINE-1 retrotransposon expression. 
Similarly, knock down of KDM5B (specific for 
H3K4me2/3) in pig (Huang et al., 2015) and mouse 
(Dahl et al., 2016; Zhang et al., 2016a) embryos results 
in increased H3K4me3 and decreased preimplantation 
development.  

H3K9 methylation has been implicated as an 
important barrier affecting SCNT reprogramming 
efficiency (Chen et al., 2013; Matoba et al., 2014; Ng 
and Gurdon, 2014). In cattle embryos, methylation of 
H3K9 is remodeled in parallel with DNA methylation in 
normal embryos and often displays hypermethylation in 
cloned embryos, mirroring the case of DNA methylation 
(Santos et al., 2003). It has been suggested that both 
DNA methylation and H3K9 methylation are largely 
refractory to the oocyte reprogramming potential 
(Santos et al., 2003).  

A combination of transcriptome analysis of 
mouse SCNT and fertilized embryos at MET and 
histone ChIP-seq in the donor cells allowed the 
identification of “reprogramming resistant regions” 
(RRR) (Matoba et al., 2014). These RRR were enriched 
for H3K9 methylation, supporting the evidence that H3K9 
methylation are a major hindrance to nuclear 
reprogramming. Strikingly, silencing of histone 
methyltransferase enzymes by siRNA in the donor cells or 
by transiently overexpressing H3K9 demethylases by 
mRNA injection in cloned embryos was able to reactivate 
reprogramming resistant regions genes and dramatically 
increase mouse SCNT efficiency (Matoba et al., 2014). 
Importantly, the application of the approach to reduce 
H3K9me3 during SCNT was used for producing the first 
monkey from SCNT (Liu et al., 2018b). 

Multiple strategies have been suggested to 
surpass the reprogramming barrier formed by 
H3K9me3; the most widely attempted approach being 
the treatment of donor somatic cells with histone 
deacetylases or methyltransferases inhibitors (Kishigami 
et al., 2006; Martinez-Diaz et al., 2010; Akagi et al., 
2011). However, results are controversial, showing 
promising results for species such as mice (Kishigami et 
al., 2006) and porcine (Zhao et al., 2009), while similar 
approaches in bovine embryos have yielded inconsistent 
results (Sangalli et al., 2012; Sangalli et al., 2014). In 
cattle, recent publications focusing on H3K9 methylation 
reported promising results on nuclear reprogramming, 
showing that two different approaches could be used to 
improve blastocyst rates, including inhibiting H3K9 
methyltransferases or injecting H3K9 demethylases in 
NT embryos (Zhang et al., 2017; Liu et al., 2018a).  

Recent development of low-input ChIP-seq 
methodologies has allowed capturing the locus-specific 
whole genome localization of some histone 
modifications during early mouse development (Dahl et 
al., 2016; Liu et al., 2016; Zhang et al., 2016a). These 
studies observed unusually broad genomic domains of 
H3K4me3 in oocytes and early embryos, which 
transitioned to the more common tight localization at 
the transcription start sites of active genes in later stage 
embryos (Dahl et al., 2016; Liu et al., 2016; Zhang et 
al., 2016a). The relationship between the unusual 

H3K4me3 pattern and activation of gene expression is 
not yet understood.  

Large amounts of critical information can be 
obtained from studying the epigenome of early 
embryos. In the animal production field, such 
information could be useful, for example, for 
interpreting aberrant epigenetic landscapes observed 
when using some assisted reproductive technologies, 
such as SCNT. For the biology field, the information is 
significant for understanding how genes are regulated in 
a pluripotent state, during de-differentiation (from 
gametes to pluripotent blastomeres), and during re-
differentiation (early lineage commitment). 

Recently, the derivation of bovine embryonic 
stem cells (Bogliotti et al., 2018) opened an opportunity 
at comparing the histone methylation profiles in bovine 
pluripotent stem cells to that of human and mouse cells. 
The co-localization of H3K4me3 and H3K27me3 near 
the promoter region of genes is one of the most 
important epigenetic signatures of pluripotent cells 
(Azuara et al., 2006; Bernstein et al., 2006; Sharov and 
Ko, 2007; Sachs et al., 2013). The importance of these 
domains relies on the fact that they localize to 
developmentally-regulated genes that are 
transcriptionally halted but can rapidly resolve upon 
differentiation by losing one of the marks and becoming 
expressed or silenced depending on the mark that they 
retain (Tee and Reinberg, 2014). Interestingly, 44% of 
the bivalent genes detected in bovine ESCs were also 
present in human and mouse embryonic stem cells 
(Mikkelsen et al., 2007; Pan et al., 2007). This 
percentage was equivalent to the number of genes from 
the mouse that are shared with the human species (52%) 
indicating that many of molecular features that delineate 
and specify the pluripotency state and early lineage 
commitment program are conserved across mammalian 
species (Bogliotti et al., 2018). The similarities across 
species was also denoted in that the top gene ontology 
terms enriched in bivalent genes were shared between 
bovine ESC (Bogliotti et al., 2018) and human ESC (Li 
et al., 2013), including bivalent negative regulation of 
the canonical Wnt-signaling pathway, neuron migration, 
central nervous system development, and neuron 
differentiation.  

Similarly, H3K4me3 was localized to a large 
set of genes (n=4,898) common to bovine, mouse and 
human ESCs, with a larger proportion of genes shared 
between human and bovine ESCs than between human 
and mouse ESCs (Bogliotti et al., 2018).  

Overall, these results indicate, that bovine ESC 
share the histone modification landscape of pluripotent 
cells from well characterized mammalian species; 
however, the paucity of information regarding the locus 
specific localization of histone modifications in bovine 
embryos prevents comparative analysis at this level. 
 

Concluding Remarks 
 

In recent years, great advances have been made 
in our understanding of epigenetic remodeling 
mechanisms operating during preimplantation embryonic 
development. Discovery of conversion of 5-mC to 5-hmC
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by TET-enzymes and technological advances enabling 
detection and mapping of DNA methylation at single-
base resolution throughout the genome starting from 
few to single cells has provided a much more complete 
picture of DNA methylation dynamics during 
preimplantation development, at least for mice and 
human embryos. The level of demethylation observed 
during preimplantation development is significant, but 
far from a complete erasure of the DNA methylation 
memory. Global methylation levels reach a minimum of 
about 30-40% CpG-methylation, or approximately half 
of that of the gametes and somatic cells (~ 80%). This 
methylation level is overshadowed by the demethylation 
level observed in PGCs of mice and humans, which 
achieve 3-6% methylation. Therefore, the greatest 
remodeling of epigenetic information seems to occur 
during germ cell formation, rather than after 
fertilization. The level of methylation reached after 
fertilization (half that of the gametes), together with the 
dynamics of demethylation, suggest that most of the 
methylation reduction could result from one round of 
DNA replication (maybe during the first cycle in PN-
stage embryos) without maintenance of DNA 
methylation activity. At the male PN, replication 
dependent demethylation is facilitated by conversion of 
5-mC to 5-hmC by TET proteins. Importantly, TET-
dependent hydroxymethylation of 5-mC is also present 
in the female genome, although at a much lower level 
than the male one. And, some evidence for active 
removal of DNA methylation still exists, while at very 
low levels and the mechanism remains unclear. 
Demethylation of preimplantation development seems 
to be conserved between mouse and human embryos, 
while these two species differ in timing of EGA, and 
therefore suggest that DNA methylation remodeling 
may play a minor role in EGA or that human and mouse 
embryos may have different mechanisms in place that 
lead to EGA. Bovine embryos have an EGA timing 
similar to that of human embryos, but comparable 
information in terms of DNA methylation at base-
specific level is not available. It will be interesting to 
determine the extent to which DNA methylation 
remodeling is conserved across other mammalian 
species.  

Regarding histone modification remodeling, 
only recently some information about locus-specific 
dynamics of a few epigenetic marks has been produced 
in mouse embryos. This information produced 
unexpected interesting data that has not yet been fully 
understood, including the localization of H3K4me3 to 
broad domains, and lack of association of H3K27me3 
marking and gene expression. Most other information 
about histone modifications is limited to overall levels 
determined by immunostaining studies and the overall 
role of some modifications and enzymes involved in 
their deposition/removal.  

In view of the fact that genomic and epigenetic 
functional resources are getting better and more widely 
available, it is likely that a more complete and detailed 
picture of the molecular mechanisms of epigenetic 
remodeling during the preimplantation embryo 
development will arise. Such knowledge will likely result 

in our better ability to assess the impact of ART on 
embryos and progeny and to provide a basis for the 
"modification" of epigenetic information from animal 
embryos for improved production characteristics, as well 
as helping devise strategies for improved SCNT results. 
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Abstract 
 
Development and differentiation of a 

functional oocyte that following fertilization is able to 
give rise to a new individual requires continuous 
physical contact with the supporting somatic cells of the 
ovarian follicle. As the oocyte is surrounded by a thick 
extracellular coat, termed the zona pellucida, this 
essential contact is mediated through thin cytoplasmic 
filaments known as transzonal projections (TZPs) that 
project from the somatic granulosa cells adjacent to the 
oocyte and penetrate through the zona pellucida to reach 
the oocyte. Gap junctions assembled where the tips of 
the TZPs contact the oocyte plasma membrane, and 
other contact-dependent signaling may also occur at 
these sites. Here, I describe early studies of TZPs, which 
were first identified in the late 19th century, discuss 
their similarities with classical filopodia, review their 
structure and function, and compare two models that 
could account for their origin. Possible priorities and 
directions for future studies close this contribution. 
 
Keywords: communication, filopodia, follicle, granulosa 
cell, oocyte. 
 

Introduction 
 

Germ cell differentiation depends on 
communication with the somatic cells of the gonad, 
which constitute a micro-environment that provides it 
with essential nutrients and regulatory signals at each 
stage of its development (Fig. 1; El-Hayek and Clarke, 
2016; Clarke, 2017a). In mammalian females, the 
granulosa cells of primordial follicles are thought to 
send signals that trigger the oocyte within to begin to 
grow. In growing follicles, the granulosa cells provide 
the oocyte with essential metabolites and send a signal 
that prevents the precocious initiation of meiotic 
maturation. Finally, during maturation, the granulosa 
cells provide still unidentified factors that increase 
protein synthesis in the germ cell. This intercellular 
communication must be established and maintained in 
the face of a daunting barrier - a thick extracellular coat, 
termed the zona pellucida, that surrounds the oocyte and 
physically separates it from the bodies of the granulosa 
cells. To overcome this barrier, thin cytoplasmic 
processes extend from the granulosa cells through the 
zona pellucida to the oocyte surface. These transzonal 
projections (TZPs) constitute the only means of contact 
and contact-dependent communication between the 
oocyte and its somatic environment and thus are 

indispensable for the production of an oocyte that is 
able to give rise to a new individual. Here, I review 
early studies of TZPs and cognate structures in non-
mammalian species, describe their nature and function, 
discuss different models that may explain their origin, 
and conclude with questions for future study. 
 

Discovery and description of TZPs 
 

The first recorded descriptions of TZPs date 
from the late 19th century (Fig. 2A), where they were 
identified using light microscopy as birefringent 
channels in the zona pellucida (Hadek, 1965). Their 
probable role in nourishing the growing oocyte was 
immediately recognized and several potential 
mechanisms were proposed, including that they poured 
their contents into channels in the zona pellucida that 
presumably conducted them to the oocyte; that they 
established a cytoplasmic continuum with the egg 
thereby producing a giant multinucleate cell; and that 
they made contact with oocyte surface but the plasma 
membranes of the two cell types remained intact 
(Hadek, 1965). Thus, even at this relatively early stage, 
scarcely 50 years after the mammalian oocyte had first 
been observed, the mechanism and importance of 
interacting with its environment had been inferred. 

Rapid progress in identifying and 
characterizing TZPs came with the development of 
electron microscopy. A large number of papers, notably 
including though not restricted to the laboratories of 
Everett Anderson, Keith Porter and Roberto Sotelo, 
established that TZPs are filamentous projections that 
extend from the granulosa cells immediately adjacent to 
the oocyte and penetrate through the entire width of the 
zona pellucida to reach the oocyte surface (Fig. 2B; 
Trujillo-Cenoz and Sotelo, 1959; Anderson and Beams, 
1960; Anderson et al., 1976). There, the tip of the TZP 
often spreads to form a bulbous or foot-like structure 
that were partially enveloped (or hugged) by protrusions 
of the oocyte (Fig. 2C; Macaulay et al., 2014), thereby 
increasing the area of surface contact between the two 
cells. Both gap junctions, discussed in more detail 
below, and tight junctions are present at the sites of 
plasma membrane apposition (Anderson and Albertini, 
1976; Gilula et al., 1978). Multiple TZPs project from a 
single granulosa cell – as many as 70 have been 
reported (Makabe et al., 2006) – apparently originating 
from one or a small number of central hubs or foci. 
TZPs have been described in a wide range of mammals 
(De Smedt and Szollosi, 1991; De Lesegno et al., 2008). 
In primates, TZPs have been identified that project deep



 Clarke. Origin and function of transzonal projections. 
 

216 Anim. Reprod., v.15, n.3, p.215-223, Jul./Sept. 2018 

into the oocyte, reaching even as far as the nucleus 
(Hope, 1965; Motta et al., 1994; Makabe et al., 2006). 
Studies such as these unequivocally established the 
nature of the germ line-soma interaction. 

Inside the TZPs, the early studies revealed long 
filamentous striations running parallel to its axis. In 
addition, organelles such as mitochondria were also 
found along the shaft or at the base of TZPs, although 
what fraction of TZPs that contained such structures 
was generally not reported and would have been 
difficult to determine using electron microscopy. 
Between the tip of the TZP and the oocyte plasma 
membrane, extracellular vesicles can sometimes also be 
seen (Macaulay et al., 2014). Although the fraction of 
TZPs that are associated with vesicles is not known, this 
identifies a potential mechanism by which large cargo 
including organelles might be transferred from the 
granulosa cells to the oocyte. 

Oocytes of non-mammalian species are also 

enclosed by an extracellular coat, often termed a 
vitelline membrane (Fig. 2D). Electron microscopy has 
revealed microfilament-rich processes emanating from 
the follicle cells that traverse the vitelline membrane to 
reach the oocyte surface in organisms including frog, 
newt, chicken and starfish (Hope et al., 1963; Perry et 
al., 1978; Schroeder, 1981; Browne and Werner, 1984). 
As in mammals, they frequently terminate as bulbous 
swellings that occupy pouches in the oocyte surface and 
gap junctions can be seen where the two membranes are 
closely apposed. An intriguing exception to this pattern is 
the zebrafish, in which both the follicle cell processes and 
long microvilli extending from the oocyte pass through 
pores in the vitelline envelope to enable direct cell-cell 
contact. Moreover, the oocyte microvilli appear to play a 
more important role in mediating the contact (Kessel et 
al., 1985). These observations show that the principle of 
germ line-somatic contact through filamentous 
projections is highly conserved evolutionarily. 

 

 
Figure 1. Communication with the somatic environment regulates all aspects of oocyte development. Clockwise 
from upper left: KIT ligand produced by the granulosa cells, which activates the KIT receptor on the oocyte plasma 
membrane, is thought to initiate growth of oocytes within primordial follicles. As the growing oocyte elaborates the 
zona pellucida, separating it from the bodies of the granulosa cells, the two cell types retain contact via transzonal 
projections (TZPs) that traverse the extracellular coat. Gap junctions, and potentially membrane-associated KIT 
ligand, are present where the tips of the TZPs contact the oocyte plasma membrane. The gap junctions permit the 
granulosa cells to transfer small molecules (<1 kDa) to the growing oocyte. In a complementary manner, the oocyte 
secretes soluble growth factors that promote metabolic activity and differentiation of the granulosa cells. As oocytes 
reach full-size, cGMP produced by the granulosa cells is transferred to the oocyte where it prevents meiotic 
maturation. Conversely, maturation is initiated when cGMP levels in the granulosa cells fall so that cGMP returns to 
them from the oocyte, thus causing the cGMP level in the oocyte to fall. See text for further details. 
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Figure 2. Identification of TZPs. A) Early depictions of TZPs and their relationship with the oocyte as described in 
(Hadek, 1965). Please see this review for citations of the original manuscripts. Nagel (1888, panel A) suggested that 
contents of the granulosa cells travel through channels within the zona pellucida and are then poured into the 
perivitelline space. Mjassojedoff (1923, panel B) proposed that the TZPs terminate within the oocyte. Duryee (1954, 
panel C) concluded that there is likely cytoplasmic continuity between the oocyte and granulosa cells. Panel D 
shows the author’s interpretation, which essentially matches our current understanding. Reproduced with 
permission. B) Electron micrograph traces a TZP from its origin at the granulosa cell to the surface of the oocyte. 
Many microvilli can be seen at the oocyte surface. Reproduced with permission from (Zamboni, 1974). C) TZPs tips 
frequently become embedded in pockets at the oocyte surface and partially enveloped by protrusions of the oocyte 
membrane. Reproduced with permission from (Macaulay et al., 2014). D) Follicle cell processes (FCP) traverse the 
vitelline membrane of non-mammalian oocytes – in this vase the starfish – to reach the cell surface. Reproduced 
with permission from (Schroeder, 1981).  
 

Structure of TZPs 
 

Our understanding of TZPs took another leap 
forward with the advent of confocal microscopy, which 
provided both improved resolution and, compared to 
traditional fluorescence microscopy, the ability to image 
optical sections within the large granulosa cell-oocyte 
complex. Studies by David Albertini and colleagues, as 
well as other groups, established that many TZPs 
contained a backbone of actin (Fig. 3A; Albertini and 
Rider, 1994; Albertini et al., 2001; Barrett et al., 2010; 
Li and Albertini, 2013; Macaulay et al., 2014; 
McGinnis and Kinsey, 2015; El-Hayek et al., 2018). 
This anatomical feature together with their size suggests 
that TZPs are a type of filopodium. In support of this, 
we recently showed that the two types of membrane 
protrusions share structural elements, including 
DAAM1, a member of the formin family of proteins 
that nucleate actin assembly and fascin, which bundles 
actin filaments to produce stiffer fibres (El-Hayek et al., 
2018). As oocytes grow and become enclosed by an 
increasing number of granulosa cells, corresponding to 
the increase in its surface area, the number of actin-rich 
TZPs steadily increases (El-Hayek et al., 2018).  

In addition to the actin-rich TZPs, there exists 
also a population of TZPs possessing a core or 
backbone of tubulin. In mice, the tubulin-rich TZP 
population is very small – about two orders of 
magnitude less abundant than the actin-rich population 
(Fig. 3B; El-Hayek et al., 2018). In other mammals 

including primates, however, studies indicate that the 
tubulin-rich population may be much larger (Allworth 
and Albertini, 1993; Albertini and Rider, 1994). It 
would be valuable to quantify the tubulin-rich TZP 
population in non-rodent species to determine whether 
this reported difference reflects biological or 
methodological differences. 
 

Function of TZPs 
 

As discussed above, it was recognized as soon 
as TZPs were identified that they might play a key role 
in supporting the oocyte during its development 
(Anderson and Beams, 1960; Zamboni, 1974; Albertini 
et al., 2001). More recent studies have enabled this role 
to be experimentally established and molecularly 
defined. TZPs likely play both a nutritional and a 
structural role during oocyte development (Fig. 3C, D). 
The function of the gap junctions that become 
assembled where the tips of the TZPs contact the oocyte 
plasma membrane has been extensively investigated and 
is well-understood (Phillips and Dekel, 1991; Sela-
Abramovich et al., 2006; Kidder and Vanderhyden, 
2010; Wigglesworth et al., 2013; Winterhager and 
Kidder, 2015). Studies using radioactive tracers showed 
that sugars, amino acids and nucleotides were 
transferred from the granulosa cells to the oocyte 
(Eppig, 1979; Brower and Schultz, 1982). Notably, the 
mouse oocyte contains small quantities of mRNAs 
encoding enzymes that convert glucose to pyruvate and
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of the RNA encoding the transporter that mediates 
uptake of extracellular alanine (Eppig et al., 2005; 
Sugiura et al., 2005). It should be noted that pyruvate 
can be transferred either through gap junctions or 
extracellularly. When Gja4, encoding the principal 
component of gap junctions in oocytes, also termed 
connexin 37, was knocked out in the mouse, the oocytes 
failed to grow to full size and were not able to undergo 
meiotic maturation (Simon et al., 1997; Carabatsos et 
al., 2000; Gittens et al., 2005). Although not formally 
ruling out a gap junction-independent role for GJA4, 
this observation highlights the essential nature of the 
physical communication between the growing oocyte 
and surrounding somatic cells. 

When oocytes have reached full size, they are 
able to undergo meiotic maturation, but are prevented 
from doing so by cyclic GMP that is synthesized by the 
granulosa cells and transferred to the oocyte via gap 
junctions (Norris et al., 2009; Zhang et al., 2010; Jaffe 
and Egbert, 2016). Conversely, following the ovulatory 
release of luteinizing hormone, cGMP level rapidly falls 
in the granulosa cells – as a result the nucleotide flows 
back to the granulosa cells from the oocyte along a 
concentration gradient, which enables maturation to 

begin in the oocyte. Thus, the TZPs permit essential 
communication that regulates both oocyte growth and 
meiotic maturation. 

TZPs also provide the substrate for adhesion 
between the oocyte and granulosa cells (Fig. 3D). 
Immunofluorescence studies have shown that granulosa 
cells express N-cadherin including on the TZPs, 
whereas oocytes express mainly E-cadherin (Mora et 
al., 2012; Lowther et al., 2017). As well, focal adhesion 
kinase (FAK, also known as PTK) which participates in 
the formation and maturation of adherens junctions is 
also abundantly expressed in the granulosa cell 
immediately adjacent to the zona pellucida as well as 
the oocyte (McGinnis and Kinsey, 2015; see also 
below). These observations, together with the 
membrane localization of β-catenin, suggests that 
adherens junctions mediate the cell adhesion. In 
contrast, classical markers of desmosomes have not 
been detected (Mora et al., 2012), implying that this 
type of intercellular junction is not present. It has been 
speculated that the adherens junctions are present in the 
tubulin-rich TZPs, where the gap junctions are found in 
the actin-rich TZPs (Li and Albertini, 2013), indicating 
that the two types of TZPs perform different duties. 

Figure 3. Characterization of TZPs. A) Confocal optical section of a granulosa cell-oocyte complex of the mouse, 
stained using phalloidin to label actin (green) and DRAQ5 to label DNA (blue). The oocyte in the centre is delimited 
by the actin-rich cortex. Two layers of granulosa cells surround it, and the dense forest of hair-like actin-rich TZPs 
is easily seen. Note that TZPs appear to project from all granulosa cells in the innermost layer. Reproduced with 
permission from (Clarke, 2017b). B) The number of actin-rich TZPs (left) increases substantially as oocytes grow. 
Tubulin-rich TZPs are much less numerous and do not detectably increase in number during oocyte growth. 
Reproduced with permission from (El-Hayek et al., 2018). C) Gap junctions become assembled where the tips of the 
TZPs contact the oocyte plasma membrane, and these permit the transfer of metabolites that support oocyte growth 
as well as of cyclic GMP that prevents initiation of meiotic maturation. Transfer from the growing oocyte to the 
granulosa cells is possible in principle but has not been described. Adapted with permission from (Clarke, 2017b). 
D) Adherens junctions maintain contact between the TZPs and the oocyte. Note that different cadherins appear to be 
principally responsible in the two cell types. Embryonic poly(A)-binding protein (EPAB) and the focal adhesion 
kinase, proline-rich tyrosine kinase 2 (PTK2), may regulate translation of the mRNA encoding E-cadherin and 
assembly of the adherens junction, respectively.  
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Oocytes are able to grow partially when 
detectable gap junctional communication is blocked but 
not at all when they are physically separated from the 
granulosa cells (Eppig, 1979; Simon et al., 1997; 
Gittens et al., 2005; Li et al., 2007; Clarke, 2017b). This 
implies that granulosa cell-oocyte adhesion serves 
additional roles during oocyte growth, independently of 
permitting gap junctional coupling. Kit ligand (KL) 
produced by the granulosa cells can promote oocyte 
growth in vitro and it may do the same in vivo (Packer 
et al., 1994; Elvin et al., 1999; Thomas et al., 2008). 
The granulosa cells produce mRNAs encoding both 
soluble and trans-membrane forms of KL (Joyce et al., 
1999; Thomas et al., 2005; Demeestere et al., 2012). If 
the trans-membrane form is the main bioactive form in 
vivo, as suggested by the in vitro data, then it must be 
located at the position where the TZPs contact the 
oocyte plasma membrane. This in turn implies that a 
mechanism may exist to transport newly synthesized 
KL to the tips of the TZPs. Conversely, oocyte-derived 
factors, including growth-differentiation factor 9 
(GDF9) and bone morphogenetic protein 15 (BMP15), 
regulate the differentiation of the granulosa cells (Peng 
et al., 2013; Mottershead et al., 2015; Clarke, 2017b). 
Although GDF9 and BMP15 can exert known 
physiological functions (for example, expansion of the 
cumulus cell layer) when supplied in soluble form, and 
membrane-bound variants have not been described for 
either, it is intriguing to speculate whether, in vivo, they 
may be presented to the granulosa cells in a membrane-
associated context. Such a model implies that their 
receptors would be enriched at the tips of the TZPs, a 
prediction that could be experimentally tested. 

Recent studies have identified small vesicles 
lying between the tips of TZPs and the plasma 
membrane of the oocyte. In addition, transport of 
mRNA from the granulosa cell bodies to the tip of 
TZPs, as well as its transfer to the oocyte, was also 
observed (Macaulay et al., 2014, 2016). Based on these 
results, the authors suggest that, by budding off vesicles 
that subsequently fuse with the oocyte plasma 
membrane, the granulosa cells can supply the oocyte 
with macromolecules and organelles that are much too 
large to be transferred through gap junctions. 

 
 

Mechanism of TZP formation 
 

How are TZPs generated? Two mechanisms 
may be considered, which may be termed stretching and 
pushing (Fig. 4). The stretching mechanism derives 
from two major observations. First, in primordial 
follicles, there is no zona pellucida separating the 
oocyte and granulosa cells. After the oocytes begin to 
grow within primary follicles, it is deposited in discrete 
‘chunks’ that eventually become joined together to 
establish an intact structure (Chiquoine, 1960; Zamboni, 
1974). Second, prior to formation of the zona pellucida, 
intercellular junctions link the oocyte to its neighboring 
granulosa cells (Mora et al., 2012). Thus, it can be 
envisioned that the zona pellucida becomes established 
around pre-existing points of contact between the 

oocyte and granulosa cell and, as the zona pellucida 
thickens, pushing the granulosa cells away from the 
oocyte, the cytoplasm stretches to maintain the point of 
contact (Chiquoine, 1960; Hadek, 1965; Hope, 1965).  

Although this model is attractively simple, it is 
not easily reconciled with several characteristics of 
TZPs. First, as reported by several groups based on 
observation and recently quantified by us, the number of 
TZPs increases by at least an order of magnitude during 
oocyte growth (Makabe et al., 2006; Li and Albertini, 
2013; El-Hayek et al., 2018). Second, because the zona 
pellucida is laid down early during oocyte growth, 
many granulosa cells adjacent to the oocyte must be 
born after this event. According to the stretching model, 
these would not possess TZPs; yet TZPs appear to 
project from every granulosa cell that lies adjacent to 
the zona pellucida. Third, TZPs are destroyed when 
follicles are cryopreserved, yet regenerate when they are 
thawed and placed in culture (Barrett et al., 2010). 
These observations cannot easily be accommodated by 
the stretching model. 

The pushing model holds that TZPs grow out 
from granulosa cells, in a manner possibly analogous to 
filopodial growth, and penetrate through the zona 
pellucida to reach the oocyte. This model could account 
both for the continuous increase in the number of TZPs 
and for their presence on all zona pellucida-adjacent 
granulosa cells. To test it, we combined wild-type 
oocytes that were fully enclosed by a zona pellucida but 
were completely stripped of granulosa cells with a 
mixture of wild-type and fluorescently tagged granulosa 
cells and incubated the reaggregates (El-Hayek et al., 
2018). After several days, we observed fluorescently 
tagged TZPs projecting from tagged granulosa cells to 
the oocyte. These could only have been generated after 
we constructed the reaggregates. To test whether these 
projections were functional, we injected a gap junction-
permeable dye into the oocyte and observed that it 
spread to the neighbouring granulosa cells. These results 
conclusively demonstrated that granulosa cells are able 
to elaborate TZPs de novo that can penetrate through 
the zona pellucida to reach the oocyte. 

Although the both theoretical and experimental 
evidence suggest that most TZPs are formed de novo, the 
two models are not entirely incompatible. It is plausible 
that some TZPs are derived from the points of granulosa 
cell-oocyte adhesion that existed prior to elaboration of 
the zona pellucida. In this context, it may be recalled 
that there exists a small population of tubulin-rich TZPs. 
It could be speculated that this sub-population of TZPs 
is generated through the stretching mechanism. 

What signals trigger TZP formation by the 
granulosa cells? As described above, GDF9 and BMP15 
produced by the oocyte regulate differentiation and gene 
activity in granulosa cells. Strikingly, in Gdf9-/- mice, 
fewer TZPs are found and their structure is disorganized 
(Carabatsos et al., 1998). Moreover, when GDF9 was 
depleted in wild-type oocytes, through injection of 
RNAi, the granulosa cells subsequently generated fewer 
TZPs (El-Hayek et al., 2018). These results link GDF9 
produced by the oocyte to formation of TZPs by the 
granulosa cells. GDF9 also up-regulates the expression
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of genes encoding DAAM1 and fascin, as well as 
MYO10 which promotes filopodial growth, suggesting 
a possible mechanism for its TZP-promoting activity 
(El-Hayek et al., 2018). Conversely, it has been reported 
that the granulosa cells of mice lacking follicle-
stimulating hormone (FSH) possess more TZPs than 
those of wild-type mice, and that administration of FSH 
decreases TZP number (Combelles et al., 2004). This 
may indicate that, once oocytes have reached full-size 
and become competent to develop as embryos, TZP-
number decreases by an FSH-dependent mechanism (Li 
and Albertini, 2013). 

Based on the directionality of TZP growth 
towards the oocyte, it is tempting to speculate that the 
oocyte provides chemotactic cues that guide the TZP. It 
is also possible, however, that there is no preferred 
direction for TZP growth, which instead occurs 
wherever it can do so unimpeded. In this context, it is 
noteworthy that, at the time of formation of primordial 
follicles, the pre-granulosa cells extend long arms that 
enclose the oocyte (Pepling and Spradling, 2001; 
Lechowska et al., 2011). While these arms are much 

larger than TZPs, this observation raises the possibility 
that (pre-) granulosa cells are predisposed to generate 
cytoplasmic projections including TZPs. 

Once the newly elaborated TZP reaches the 
oocyte surface, the two plasma membranes become 
associated by adherens junctions, as discussed above, 
and gap junctions are assembled to metabolically couple 
the cells. The mechanisms by which these junctions are 
assembled, as well as whether the TZP-oocyte 
membrane interaction is stable or dynamic, remains 
unknown. When Ptk2 was deleted from growing 
oocytes, the number of TZPs as well as gap junctional 
communication were strikingly reduced. This indicates 
that PTK2 in the oocyte is required to establish or 
maintain TZP-oocyte contact (McGinnis and Kinsey, 
2015). Additionally, deletion of Epab, encoding an 
RNA-binding protein that promotes translation, in 
oocytes caused a decrease in the quantity of E-cadherin 
in the oocyte and in the number of TZPs (Lowther et al., 
2017). These results suggest that E-cadherin may be 
required to anchor TZPs to the oocyte plasma 
membrane. 

 

 
Figure 4. Models of TZP formation. Upper: stretching model. Oocytes and granulosa cells in primordial follicles 
establish cell junctions. When the oocyte begins to grow, it elaborates the zona pellucida. As the thickening matrix 
pushes the granulosa cell bodies from the oocyte, they remain attached at the original junctional connections, thus 
producing a stretched cytoplasmic filament. As oocytes grow, the new granulosa cells (dark brown) generated by 
mitosis so that the somatic cells continue to fully cover the expanding oocyte surface will not have TZPs linking 
them to the oocyte. Lower: pushing model. After deposition of the zona pellucida, the granulosa cells elaborate 
TZPs that push through the matrix to reach the oocyte surface. All granulosa cells of the innermost layer generate 
TZPs. The two models are not mutually exclusive. 
 

Questions for the future 
 

Although the basic structure and function of 
TZPs have long been known, the mechanisms by which 
these indispensable vehicles of communication between 
the developing oocyte and its follicular environment are 
produced have remained mysterious. Recent results 

establish that they are continuously produced by the 
granulosa cells surrounding growing oocytes. In view of 
observations that granulosa cell-oocyte communication 
is impaired in certain disease conditions associated with 
infertility (Ratchford et al., 2008) and that TZP numbers 
are reduced in aging females (El-Hayek et al., 2018), a 
better understanding of how TZPs are established and
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maintained is crucial for improving assisted 
reproduction in agricultural and clinical contexts. 
Questions to be answered include: 
1. Are TZPs dynamic or stable structures? If dynamic, 

what controls the relative rates of elaboration and 
retraction? Does the stability of a TZP depend on 
the cell-cycle state of the granulosa cell? 

2. Are TZPs actively guided towards the oocyte or do 
they simply grow where there is space? 

3. Is the zona pellucida sufficiently porous to permit 
growing TZPs to penetrate through it or must they 
digest a path? 

4. Do granulosa cells stop generating TZPs once 
oocytes have reached full size? If so, by what 
mechanism? 

5. Many studies have reported that TZPs are lost 
during meiotic maturation (Gilula et al., 1978; De 
Smedt and Szollosi, 1991; Phillips and Dekel, 
1991; Allworth and Albertini, 1993; Suzuki et al., 
2000; Barrett and Albertini, 2010). What is the 
mechanism? 

 
The answers to these and other questions will 

not only contribute to understanding how the growing 
oocyte interacts with its environment but will also 
uncover principles governing the regulation of 
intercellular contact and communication. 
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Abstract 
 

The main objective of implementing embryo 
transfer in beef operations is to accelerate the rate of 
genetic progress in the herd. Among the main factors 
that affect the use of these technologies are related to 
nutrition, management and estrus synchronization. As a 
result of research conducted over the last 20 years, 
recipient utilization has increased by applying protocols 
that synchronize ovulation and allow for embryo 
transfer without the need for estrus detection, usually 
referred to as fixed-time embryo transfer (FTET). 
Although these protocols have performed adequately for 
several years, recent attention has been directed to the 
effect of estrus expression and estradiol concentrations 
during growth of the preovulatory follicle on embryo 
growth and pregnancy. The experiments reviewed 
herein demonstrate that estrus expression is associated 
positively with high pregnancy rates and reduced 
pregnancy losses in recipients receiving in vitro-
produced and in vivo-derived frozen/thawed bovine 
embryos. 
 
Keywords: embryo-fetal losses, estrus, recipients. 
 

Introduction 
 

The main objective of an embryo transfer 
program is to increase the genetic value of the offspring 
produced in a given herd. Nutrition, management and 
efficiency in the detection of estrus are among the 
factors that affect the use of these technologies 
(Mapletoft and Bó, 2016). The protocols that 
synchronize estrus and ovulation have allowed for 
embryo transfer at predetermined time, without the 
requirement for estrus detection. These protocols are 
usually referred to as fixed-time embryo transfer 
(FTET; Bó et al., 2002, 2012a). Although efforts to 
synchronize ovulation have resulted in cows ovulating 
in a shorter time interval as compared to untreated 
cycling animals, ovulation without expression of estrus 
often occurs. The objective of this manuscript is to 
briefly review protocols that are used to synchronize 
ovulation, and discuss how the expression of estrus may 
impact on pregnancy in embryo recipients. 

Conventional synchronization treatments for 
embryo recipients in South America 
 
Although prostaglandin F2α (PGF2α) has been 

used most commonly for synchronization of estrus, the 
requirement for estrus detection and the variability in 
the interval from treatment to estrus and ovulation has 
adversely affected its performance in embryo transfer 
programs, especially in Bos indicus cattle (reviewed in 
Bó et al., 2002).  

To avoid limitations associated with estrus 
detection, treatments that synchronize the time of 
ovulation, which were developed originally for fixed-
time AI, have been utilized for FTET. These treatments 
are generally divided into those that are GnRH-based 
(Ambrose et al., 1999) and those that are estradiol-based 
(Bó et al., 2002). In either case, the recipient protocols 
include the insertion of a progesterone (P4) releasing 
device for 7 or 8 days (Hinshaw, 1999; Bó et al., 2002). 

Estradiol and P4 (estradiol/P4)-based 
treatments are the most commonly used protocols to 
synchronize follicle wave emergence and ovulation of 
recipients in South America (Baruselli et al., 2010). The 
simplified protocol used most commonly nowadays 
consists of insertion of a P4-releasing device and the 
administration of 2 mg estradiol benzoate (EB) on day 
0, and PGF2α at the time of insertion and removal of the 
P4-device if it is impregnated with >1 g of P4 and only 
at P4 device removal when it contains <1 g of P4. The 
P4-device is usually removed on day 7 or 8 and 300 or 
400 IU of equine Chorionic Gonadotropin (eCG) is 
given at that time (Bó et al., 2002). Ovulation is induced 
by the administration of 0.5 or 1 mg of estradiol 
cypionate (ECP) at the time of P4-device removal and 
all recipients with a CL receive an embryo 9 days later 
(i.e., 7 days after the expected time of estrus; Baruselli 
et al. 2010, 2011; Bó et al 2012a, b). 

Overall, 75 to 85% of the recipients treated 
with this protocol receive an embryo (compared to 50% 
or less with PGF2α synchronization), P4 concentrations 
are high at the time of embryo transfer and pregnancy 
per embryo transfer (P/ET) usually exceeds 50%, when 
both embryos and recipients are of high quality 
(reviewed in Bó et al., 2002; Baruselli et al., 2010, 
2011).
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Protocols that prolong the proestrus period 
 

Recent studies have suggested that reducing the 
length of exposure of the P4-releasing device insertion 
to 5 days and increasing the interval from P4-device 
removal to GnRH and fixed-timed AI to 3 days may 
improve pregnancy per AI (P/AI) as compared to the 
traditional 7-day GnRH/P4 device protocol in beef 
cattle (Bridges et al., 2008). Furthermore, it was 
suggested that a reduction in the length of the growth 
phase of the ovulatory follicle prior to ovulation, as 
occurs in some animals treated with the conventional 7-
day protocols, alters the steroidogenic capacity of the 
dominant follicle prior to ovulation and the resulting 
CL, and decreases the ability of the uterus to support 
embryo development (reviewed in Bridges et al., 2013). 
Using a modified 5-day Co-Synch+CIDR protocol (no 
GnRH at P4 device insertion, PGF2α at P4 removal on 
day 5 and GnRH on day 8) Sala et al. (2016) reported 
similar P/ET rates with in vitro-produced embryos to 
those of recipients synchronized with two PGF2α 
treatments 14 days apart and estrus detection. Based on 
these findings, we evaluated the effectiveness of an 
estradiol/P4 treatment protocol in which the exposure to 
P4 device was reduced to 6 days and proestrus was 
lengthened by the administration of GnRH 72 h after P4 
device removal instead of ECP at device removal. The 
protocol for FTAI was named J-Synch (de la Mata and 
Bó, 2012). This treatment protocol has resulted in 
higher P/AI rates in beef heifers compared to the 
conventional protocol in which the P4-device is 
removed on day 7 and ECP is given at that time (Bó et 
al., 2016).  

A series of studies have been conducted 
recently to evaluate the performance of the J-Synch 
protocol in embryo transfer programs (Menchaca et al., 
2015, 2016). The experiments were performed in 
Uruguay with 3,782 cycling Bos taurus beef recipients 
that received by FTET Holstein embryos produced in-
vitro with sex-sorted semen. The first experiment 
compared pregnancy rates obtained with J-Synch 
protocol to the conventional estradiol/P4 protocol for 
FTET. All recipients received a P4-device (0.5 g 
progesterone, DIB 0.5, Zoetis, Uruguay) plus 2 mg EB 
(Gonadiol, Zoetis) i.m on day 0. In the J-Synch group (n 
= 464), the DIB was removed on day 6 and 500 µg 
cloprostenol (PGF2α, Ciclase DL, Zoetis) and 400 IU 
eCG (Novormon, Zoetis) were given i.m and GnRH 
analogue (100 µg gonadorelin acetate, Gonasyn GDR, 
Zoetis) was given 72 h later. In the conventional 
treatment (n = 481), the DIB was removed on day 7 and 
PGF2α, eCG, and 0.5 mg ECP (Cipiosyn, Zoetis) were 
administrated i.m. at the same time. The second 
experiment compared GnRH vs. EB to induce ovulation 
in the J-Synch protocol. The J-Synch protocol was 
performed as described previously with GnRH given at 
72 h (n = 456) or 1 mg EB given at 60 h after P4 device 
removal (n = 461). In experiment 3, we evaluated the 
effect of the time of GnRH administration in the J-
Synch protocol (GnRH was given at 60 h (n = 452) or 
72 h (n = 466) after device removal). For all the 
experiments, recipients received in vitro-produced 

embryos on day 16-17 by FTET, and P/ET was 
determined by ultrasonography 40-50 days later. 
Overall, the P/ET rate was higher in the J-Synch 
(49.4%, 229/464) than in the conventional 
synchronization protocol (41.0%, 197/481; P < 0.05) 
group regardless of whether GnRH was administered at 
72 h (58.8%, 230/391) or EB was administered at 60 h 
(54.7%, 227/415); or whether GnRH was administered 
at 60 h (47.8%, 216/452) or 72 h (50.4%, 235/466). 
However, results suggest that prolonging the exposure 
to endogenous estradiol prior to ovulation, as it occurs 
with the J-Synch protocol, improved P/ET with in vitro-
produced embryos. It was also noteworthy that in a 
fourth study, in which cows (n = 581) were treated with 
the J-Synch protocol (as described previously), but with 
some recipients being allowed to ovulate spontaneously 
(n = 532), P/ET was greater for recipients that did not 
receive GnRH (57.5%, 306/532 vs. 51.5%, 299/58; P < 
0.05). Results suggest that shortening the growth period 
of the ovulatory follicles with GnRH may adversely 
affect the chances of pregnancy in some cows. Thus, 
waiting for the natural expression of estrus may improve 
P/ET. 
 
Expression of estrus, preovulatory estradiol and the 

establishment of pregnancy 
 

Estrus is defined as the period in which a 
female is sexually receptive and it is due to increased 
circulating concentrations of estradiol at a time when P4 
concentrations are low (Allrich, 1994). Furthermore, it 
has been suggested that the progression of events 
required for conceptus growth, elongation, survival and 
attachment are influenced by the coordination of events 
leading to a decrease in P4 concentrations and an 
increase in estradiol concentrations prior to the onset of 
estrus (Bridges et al., 2013). Additionally, preovulatory 
estradiol concentrations have been reported to have a 
positive impact on subsequent conceptus development, 
and cows that exhibit estrus have been reported to have 
a greater conceptus length on day 19 of gestation 
compared to those not exhibiting estrus (Davoodi et al., 
2016). 

It has been shown previously that the 
occurrence of estrus in FTAI programs is positively 
associated with P/AI in Bos taurus (Richardson et al., 
2016) and Bos taurus x Bos indicus beef cattle (Bó et 
al., 2017), and with the diameter of the dominant 
follicle at FTAI, the diameter of the subsequent CL, the 
P4 concentrations in the luteal phase and P/AI in Bos 
indicus beef cattle (Sá Filho et al., 2011). Furthermore, 
diameter of the dominant follicle at the time of FTAI 
has been associated with pregnancy success in both Bos 
taurus (Lamb et al., 2001; Perry et al., 2004, 2005, 
2007) and Bos indicus (Sa Filho et al., 2010). However, 
when postpartum beef cows were inseminated based on 
standing estrus, ovulatory follicle size had no influence 
on pregnancy success (Perry et al., 2005), indicating 
again that high estradiol concentrations produced by the 
dominant ovulatory follicle are essential for high P/AI 
(Perry et al., 2014). More specifically, follicle maturity 
may affect fertility through the preparation of the oocyte
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for embryo development, preparation of follicular cells 
for luteinization, and/or preparation of the uterine 
environment for the establishment of pregnancy. 
Therefore, the expression of estrus may affect P/ET in 
recipients synchronized with FTET protocols.  

It has been previously shown that expression of 
estrus in Bos indicus x Bos taurus recipients treated with 
the Ovsynch protocol resulted in greater diameter of the 
ovulatory follicle, subsequent CL area and P4 
concentrations and greater P/ET than in those that did 
not show estrus (Baruselli et al., 2003). The reasons for 
the higher P/ET in the recipients showing estrus is that 
they were exposed to higher estradiol concentrations 
than those that were induced to ovulate with GnRH 
prior to showing estrus and the higher P4 concentrations 
at the time of FTET. In a recent study involving the 
reciprocal embryo transfer between donor cows and 
recipients induced to ovulate either a large or small 
dominant follicle with GnRH revealed interesting 
results (Atkins et al., 2013). In the study of Atkins et al. 
(2013), single embryos (n = 354) that were obtained 
from cows induced to ovulate a large or a small follicle 
with GnRH were transferred into recipients that were 
also induced to ovulate a small or a large follicle with 
GnRH. Pregnancy maintenance from 7 to 27 days of 
gestation was enhanced by increased serum estradiol 
concentrations at the time of the GnRH treatment and 
P4 concentration 7 days later in the recipient cows. 
However, this study also showed that follicle diameter 
was not all that important, as recipients with large 
follicles had the lowest pregnancy rates, indicating that 
estradiol produced by a new growing dominant follicle 
will benefit pregnancy more than an aged large 
dominant follicle that has already reduced estradiol 
production at the time of GnRH-induced ovulation 
(Bridges et al., 2014). In another study, donor and 
recipient cows were retrospectively divided based on 
their plasma estradiol concentrations at induced 
ovulation (Jinks et al., 2013). In this study, circulating 
estradiol concentrations of the recipient cows, not the 
donor, was related to higher pregnancy rates, indicating 
that the primary benefit of increased preovulatory 
estradiol concentrations is mediated through alterations 
in the uterine environment of the recipient cows. 
Finally, two other studies in which estradiol treatments 
were administered to increase circulating estradiol 
concentrations prior to ovulation were conducted. Jinks 
et al. (2013) reported that the administration of 0.5 mg 
ECP 24 h before AI increased P/AI in cows induced to 
ovulate a small dominant follicle (<12.2 mm) with 
GnRH. Madsen et al. (2015) treated ovariectomized 
cows with CIDR devices (1.38 g of P4, Zoetis, USA) to 
mimic the luteal phase and then treated with 2.5 mg 
ECP 12 h after CIDR removal, 1.2 mg EB 36 h after 
CIDR removal or no treatment (CON) to mimic a 
preovulatory period. Ovulation was simulated with an 
injection of GnRH 48 h after CIDR removal and 
embryos were transferred on 7 days later. Pregnancy 
was maintained by administration of injectable P4 from 
days 3 to 6 and then CIDR devices until day 29. Cows 
that received estradiol treatments had greater embryonic 
survival and P/ET compared to control animals (4, 29, 

and 21% for CON, EB, and ECP, respectively; Madsen 
et al., 2015).  
 

Expression of estrus and pregnancy rates in 
recipients treated with estradiol/P4-based FTET 

protocols 
 

After reviewing the previous studies, the 
effect(s) of estradiol concentrations and estrus 
expression on pregnancy rates in recipients in South 
America is unclear, since most are treated with 
estradiol/P4-based protocols. Furthermore, it would 
seem to be important to differentiate whether cows are 
induced to ovulate with EB or ECP; the resulting 
plasma estradiol-17β concentrations would be much 
higher for a shorter period of time in cows treated with 
EB as opposed to ECP (reviewed in Bó et al., 2013). In 
that regard previous results from our lab (Bó et al., 
2012b) and others (Looney et al., 2010) have shown no 
significant effects of expression of estrus on P/ET in 
recipients receiving EB as compared to the shorter 
acting estradiol-17β to induce ovulation. 

A retrospective analysis of several experiments 
performed on 13 different commercial dairy farms in 
Brazil using an estradiol/P4-based protocol but with 
ECP rather than EB to induce ovulation revealed a 
positive association between estrus expression and 
fertility (Pereira et al., 2016). Pereira et al. (2016) 
observed that lactating dairy cows were either 
artificially inseminated (n = 5430) or used as recipients 
(n = 2003). All cows were treated with a CIDR (Zoetis, 
Brazil) and 2 mg EB on day 0, 25 mg of dinoprost 
(Lutalyse, Zoetis) on day 7, and CIDR removal and 1 
mg of ECP (Zoetis) on day 9. Cows were either FTAI 
on day 11 or FTET with fresh in vitro-produced 
embryos on day 18. Estrus was detected using tail-head 
devices (Estrotec, Rockway Inc., Spring Valley, WI) 
and pregnancy was determined on days 32 and 60 of 
gestation. Estrus expression positively influenced (P < 
0.01) P/AI on day 32 of gestation (estrus 38.9%, 
1785/4584 vs. no estrus 25.5%, 222/846) and P/ET 
(estrus 46.2%, 645/1397 vs. no estrus 32.7%, 193/606). 
Furthermore, pregnancy loss to day 60 was lower (P < 
0.01) in cows that expressed estrus in FTAI (estrus 
14.4%, 255/1785 vs. no estrus 20.1%, 43/222) and 
FTET (estrus 18.6%, 120/645 vs. no estrus 22.7%, 
43/193). Similar results were also reported with 
crossbred Bos indicus x Bos taurus beef heifers; the 
manifestation of estrus behavior up to 3 days after P4 
device removal increased the probability of pregnancy 
in recipients receiving IVP embryos (Frade et al., 2014). 
Heifers expressing standing estrus had greater P/ET 
than heifers that did not express estrus (62.4%, 106/170 
vs. 47.0%, 31/66; P ≤ 0.01 ). In addition, heifers that 
became pregnant had greater circulating P4 
concentrations at FTET (2.8 ± 0.14 ng/ml; n = 137) than 
those that did not become pregnant (2.2 ± 0.18 ng/ml; n 
= 99; P = 0.04; Frade et al., 2014). Thus, the sequential 
exposure to greater concentrations of estradiol during 
the pre-ovulatory phase and the subsequent exposure to 
high P4 in the diestrus positively influenced pregnancy 
success after FTET.  
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The potential practical drawback of these 
results was that doing embryo transfer in only the 
recipients that express estrus would reduce the 
proportion of recipients transferred/treated, which has 
been shown as one of the main benefits of using FTET 
programs in recipients in South America (Bó et al, 
2002, 2012b; Baruselli et al., 2010, 2011).  

Two other studies were performed in Argentina 
to confirm that the expression of estrus had a positive 
effect on P/FTET and maintenance of pregnancy in 
recipients treated with estradiol/P4-based protocols. A 
secondary objective was to evaluate if the 
administration of GnRH at the expected time of estrus 
to recipients not showing estrus would increase the 
proportion of recipients transferred and pregnant. In the 
first experiment, 729 non-lactating beef cows 
(Bonsmara x Bos indicus, Brangus and Braford) 
received a DIB 0.5 g device (Zoetis, Argentina) plus 2 
mg of EB on day 0 and on day 8, DIBs were removed 
and 400 IU of eCG (Novormon 5000, Zoetis) plus 0.5 
mg of ECP (Cipiosyn, Zoetis) and 500 μg of 
cloprostenol (Ciclase DL, Zoetis) were administered 
(Cedeño et al. 2017). All cows were tail-painted 
(CeloTest, Biotay S.A., Argentina) for estrus detection 
(>30.0% paint loss = estrus). All recipients not showing 
estrus by 48 h (paint loss ≤ 30.0%) were randomly 
divided to receive GnRH (100 μg of gonadorelin 
acetate; Gonasyn GDR, Zoetis) or no treatment. Estrus 
was again detected 56 h after P4 device removal and 
was recorded. On day 17, cows were examined by 
ultrasonography and those with a CL ≥18 mm (grade 1), 
≥ 16 and <18 mm (grade 2) and ≥14 and <16 mm in 
diameter (grade 3) received in vivo-derived, 
frozen/thawed or in vitro-produced fresh embryos by 
non-surgical transfer. The overall proportion of recipients 
transferred was 88.1% (583/729) and the overall P/ET 
46.0% (268/583). The proportion of recipients in estrus 
at 48 and 56 h after P4-device removal was 87.6% and 
P/ET was higher (P<0.05) in recipients showing estrus 
(48.3%, 250/518) than in those not showing estrus 
(30.1%; 22/73; Table 1). When CL diameter at the time 
of FTET was considered, P/ET did not differ in 
recipients showing estrus that had a CL ≥18 mm or 
between 16 and 18 mm; however, P/ET was lower in 
those not showing estrus, even in those with a CL ≥ 18 
mm in diameter at the time of FTET (P < 0.05, Table 1). 

When the GnRH treatment was considered in 
recipients that did not expressed estrus by 48 h after 
DIB removal, P/ET was significantly higher (P < 0.05) 
in those treated with GnRH (34/74, 46.0%) than in those 
not treated with GnRH (12/46, 26.0%). However, when 
the expression of estrus at 56 h after DIB removal was 
considered, P/ET were higher in those showing estrus, 
whether or not they received GnRH (26/48, 54.2%) than 
in those not showing estrus (15/43, 34.9%); and 
although the numbers were low, GnRH treatment did 
not appear to increase P/ET in recipients that did not 
show estrus (GnRH: 38.0%, 8/21 vs. no GnRH: 31,8%, 
7/22). 

A second study was conducted using non-
lactating crossbred beef cows (205 Brangus and 198 
Braford; Cedeño et al., 2018). On day 0 all animals 

received a DIB 0.5 device plus 2 mg EB and then 
recipients were randomly allocated into two treatment 
groups. In recipients treated with the conventional 
estradiol/P4 synchronization protocol P4 devices were 
removed on day 8 and also received PGF2α, eCG and 
ECP at the same time. In recipients treated with the J-
Synch protocol P4 devices were removed on day 6 and 
received PGF2α and eCG at the same time. All 
recipients were tail-painted and those not showing 
estrus by 48 h (conventional group) or 62 h (J-synch 
group) received GnRH at that time. Recipients were 
again run through the chute for tail-paint observation 
and recording 8 h later in both treatment groups. All 
cows with a CL received an in vitro-produced embryo 
by FTET 7 days after an observed estrus or GnRH 
treatment. The overall proportion of recipients 
transferred was 86.5% (352/407) and the overall P/ET 
was 37.8 % (133/352). Although the proportion of 
recipients transferred was higher (P < 0.05) in the 
conventional group 90.0% (180/201) than in the J-
Synch group 83.5% (172/206), no significant 
differences were found in P/ET between the two 
synchronization protocols (Conventional: 36.6%, 
66/180 vs. J-Synch 39.0%, 67/172). However, the most 
important finding of this experiment was the great 
difference in P/ET and pregnancy losses between the 
recipients that showed estrus, regardless of treatment 
group. Recipients showing estrus had significantly 
higher (P < 0.05) P/ET than those that did not show 
estrus (Table 2). Furthermore, recipients not showing 
estrus had a higher rate of embryonic/fetal losses 
between 30 and 60 days (P = 0.004) of gestation and 
consequently a lower P/ET at 60 days and a lower 
calving rate (P < 0.01; Table 3). 

Results did not confirm previous studies in 
which P/ET rates were 8.5% with the J-Synch protocol 
(Menchaca et al., 2015). In fact, the small difference in 
favor of the J-Synch group was overridden by the higher 
proportion of recipients that were transferred in the 
conventional group. The differences in the proportion of 
recipients transferred/treated could be due to a higher 
ovulation rate in cows with small follicles that received 
ECP rather than GnRH (Jinks et al., 2013). However, 
the most interesting finding in the four studies reviewed 
in this section was the difference in P/ET between the 
recipients showing estrus and those not showing estrus, 
suggesting that the expression of estrus in FTET 
programs is linked to a uterine environment that favors 
embryo development (reviewed by Bridges et al., 2013 
and Perry, 2017). As stated previously, even though 
recipients received ECP at the time of P4 device 
removal, those that manifested estrus probably had 
higher plasma estradiol concentrations resulting from 
ECP administration and from the developing ovulatory 
follicle than those not showing estrus. Therefore, 
recipients that showed estrus had sufficient estradiol 
exposure for the required changes in uterine 
environment for embryonic growth, survival and the 
establishment of pregnancy (Bridges et al., 2013).  

This last study and that from Pereira et al. 
(2016) both showed a significantly higher rate of 
pregnancy loss in recipients not showing estrus. 
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Surprisingly, pregnancy losses after 60 days were also 
higher in recipients not showing estrus. Embryo/fetal 
losses as high as 17.2% from day 32 to day 60 of 
pregnancy have been reported in dairy heifers (Garcia 
Guerra et al., 2016) and between 0 to 34,5% in beef 
cows (Tribulo et al., 2017) carrying IVF embryos. 
However, none of these reports related estrus expression 
to pregnancy losses from 60 days of gestation to term. 
During this period there is a continuous growth of the 
fetus and also dramatic changes in the placenta to meet 
the increasing nutritional demands of the growing fetus 
(reviewed by Wiltbank et al., 2017). Estimates of 
pregnancy loss during this period could range from 3-
5% in recipients carrying in vivo-derived embryos to as 
much as 20% in recipients carrying in vitro-produced 

embryos (Bó and Cedeño, 2018, IRAC, Córdoba, 
Argentina, unpublished data). Factors associated with 
increased pregnancy loss in this period have not been 
studied in detail; however, the possibility of several 
infectious agents that can affect pregnancy during this 
period of time cannot be ruled out. Twinning was 
identified in one study as a major contributor to the 
pregnancy loss during this period (Lopez Gatius et al., 
2004). However, this is not the case in the presently 
described study because all recipients received single 
embryos. Although other reasons may be related to the 
in vitro-produced embryo itself (Miles et al., 2005), this 
would not explain the differences observed between the 
recipients that did or did not show estrus. Obviously, 
more studies are required to confirm these findings. 

 
 

Table 1. Effect of expression of estrus and CL diameter at the time of FTET on P/ET in recipient beef cows treated 
with an estradiol/P4-based synchronization protocol*. 

 CL diameter (mm) 
 ≥18 ≥16 & <18 ≥14 & <16 Total 

Estrus 50.0%a 
(203/406) 

44.2%ab 

(46/104) 
13.0%c 
(1/8) 

48.3%a 
(250/518) 

No estrus 37.0%b 

(15/41) 
24.1%b 

(7/29) 
0%d 
(0/3) 

30.1%b 
22/73 

Total 48.8%a  
(218/447) 

40.0%a 

(53/133) 
9.1%b 

(1/11)  
abcdDenotes significant differences within rows and columns (P < 0.05). *All cows received 400 IU eCG, 500 µg 
cloprostenol and 0.5 mg ECP at P4 device removal and observed for estrus (i.e. tail- paint loss) 48-56 h later. 
 
 
Table 2. Pregnancy/ET as a function of the manifestation of estrus in recipients treated with two estradiol-based 
synchronization protocols.  

 Synchronization Treatment 
Conventional* J-Synch**  Total 

Estrus 38,3% 
(62/162) 

40,0%  
(62/155) 

39,1%a  
(124/317) 

No Estrus  
 

22,2% 
(4/18) 

29,4% 
(5/17) 

25,7%b  
(9/35)  

abMeans within columns with different superscripts differed (P < 0.05). *Recipients in the Conventional protocol 
received 0.5 mg ECP at P4 device removal (Day 8) and were observed for estrus (i.e. tail-paint loss) 48 and 56 h 
later. **Recipients in the J-Synch protocol did not receive ECP at P4 device removal (Day 6) and were observed for 
estrus 62 and 70 h later. All recipients not showing estrus by 48 h (Conventional) or 62 h (J-Synch) received GnRH 
at that time. 
 
 
Table 3. Effect of estrus expression on P/ET at 30 and 60 days of gestation, 30 to 60-d and 60-calving pregnancy 
loses and calving rate in recipients synchronized with two estradiol/P4-based treatments. 

 P/ET 
(30 days) 

P/ET 
(60 days) 

Pregnancy loss 
(30 to 60 days) 

Pregnancy loss 
(60 days to calving) 

Calving rate 

Estrus  39.1%a 
(124/317) 

37,0%a 
(117/317) 

5,6%a  
(7/124) 

20,5%c  
(24/117) 

29,3%a 
(93/317) 

No Estrus  25,7%b  
(9/35) 

8,6%b  
(3/35) 

66,7%b  
(6/9) 

66,7%d  
(2/3) 

2,9%b 
(1/35) 

Total 
38,0% 

(133/35) 
34,1% 

(120/352) 
9,8%  

(13/133) 
21,7% 

(26/120) 
26,7% 

(94/352) 
abDenotes significant differences within columns (P < 0 .01). cdDenotes a tendency to differ (P < 0.06). 
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Summary and final conclusions 
 

The protocols developed for FTET over the last 
20 years have provided practitioners the greatest 
opportunity for transferring large number of embryos in 
recipient herds and has been pivotal for the development 
of the large scale IVF embryo-derived industry in 
South-America. Although overall pregnancy rates have 
been considered adequate for most practitioners, there 
are factors such as the expression of estrus that need to 
be considered for successful embryo transfer programs, 
especially in protocols in which ECP is used to induce 
ovulation or no estradiol is administered at the time of 
P4-device removal. The present manuscript has reviewed 
several studies showing a positive correlation between the 
manifestation of estrus, pregnancy rates and pregnancy 
maintenance in recipients. The use of tail-paint or estrus 
detection patches in recipients would help identify 
animals showing estrus by simply running them through 
the chute at the appropriate time, without the necessity 
of labor intensive estrus observations. These 
modifications can be easily implemented in recipient 
synchronization programs and should result in overall 
higher pregnancy rates.  
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Abstract 
 

Oocyte mitochondria are increased in number, 
smaller, and rounder in appearance than mitochondria in 
somatic cells. Moreover, mitochondrial numbers and 
activity are narrowly tied with oocyte quality because of 
the key role of mitochondria to oocyte maturation. 
During oocyte maturation, mitochondria display great 
mobility and cluster at specific sites to meet the high 
energy demand. Conversely, oocyte mitochondria are 
not required during early oogenesis as coupling with 
granulosa cells is sufficient to support gamete’s needs. 
In part, this might be explained by the importance of 
protecting mitochondria from oxidative damage that 
result in mutations in mitochondrial DNA (mtDNA). 
Considering mitochondria are transmitted exclusively 
by the mother, oocytes with mtDNA mutations may 
lead to diseases in offspring. Thus, to counterbalance 
mutation expansion, the oocyte has developed specific 
mechanisms to filter out deleterious mtDNA molecules. 
Herein, we discuss the role of mitochondria on oocyte 
developmental potential and recent evidence supporting 
a purifying filter against deleterious mtDNA mutations 
in oocytes.  

 
Keywords: dynamics, fertility, mitochondria, mtDNA, 
oocyte.  
 

Introduction 
 

Mitochondrial architecture is significantly 
different in germ than in somatic cells, characterizing in 
oocytes by its rounder appearance and fragmented 
network. In addition, a large number of mitochondria is 
present in oocytes, suggesting they play a key role in the 
gamete (Wassarman and Josefowicz, 1978; Jansen and 
De Boer, 1998; Motta et al., 2000). In keeping with this, 
abnormal mitochondrial numbers, distribution and 
functionality have been associated with poor quality 
oocytes in humans, mice, sheep, cows and pigs. For 
instance, a minimum of mitochondrial DNA (mtDNA) 
copies in mammalian oocytes seems to be required for 
fertilization (Reynier et al., 2001; Tarín et al., 2001; 
May-Panloup et al., 2005; El Shourbagy et al., 2006; 
Zhang et al., 2006; Wai et al., 2010; Duran et al., 2011; 
Lee et al., 2014). In addition, prepubertal oocytes from 
sheep, cows and pigs, which present poor 
developmental rates compared to adult counterparts, 

have altered mitochondrial distribution and decreased 
mtDNA copy number (O’Brien et al., 1996; de Paz et 
al., 2001; Reader et al., 2015a, b). Besides, 
supplementation of poor quality human and bovine 
oocytes with cytoplasm or isolated mitochondria have 
been shown to increase their developmental potential 
(Cohen et al., 1997; Huang et al., 1999; Lanzendorf et 
al., 1999; Dale et al., 2001; Hua et al., 2007; Chiaratti et 
al., 2011; Oktay et al., 2015). 

Apart from affecting oocyte quality, 
mitochondrial dysfunctions originating from mutations 
in mtDNA may be transmitted to following generations 
and cause diseases in humans (Schon et al., 2012; 
Stewart and Chinnery, 2015). The high levels of 
reactive oxygen species (ROS) generated in 
mitochondria make mtDNA high susceptible to 
oxidative damage (Wallace and Chalkia, 2013). Yet, 
given that mitochondria are inherited exclusive from the 
mother, several mechanisms seem to have evolved in 
oocytes to prevent them from accumulating mtDNA 
damage (Fan et al., 2008; Stewart et al., 2008; Sharpley 
et al., 2012; Floros et al., 2018). Herein, we discuss the 
role of mitochondria on oocyte developmental potential 
and recent evidence supporting a purifying filter against 
deleterious mtDNA mutations in oocytes. 
 

Oocyte development 
 

Mammalian females harbor at birth millions of 
primordial follicles containing oocytes at prophase I of 
meiosis, which constitutes the follicular reserve. 
Awakening of dormant oocytes in primordial follicles 
relies on the PI3K-AKT signaling pathway (Liu et al., 
2014; Saatcioglu et al., 2016; Guo et al., 2018). In turn, 
activation of this pathway leads to several alterations in 
the oocyte, including enhanced protein translation, cell 
growth and secretion of members of the Transforming 
Growth Factor (TGF)-ß superfamily such as GDF9 and 
BMP15 (Knight and Glister, 2006). As a consequence, 
the pre-granulosa cells differentiate into granulosa cells 
and proliferate rapidly (Fig. 1). Later on, with the 
antrum formation, the various layers of granulosa cells 
are subdivided into mural granulosa cells (outer layers) 
and cumulus cells (inner layers). While mural granulosa 
cells play a central role in hormone and ligand synthesis 
(i.e., activins and follistatin), cumulus cells interact with 
the oocyte to support its development. With the antrum 
formation, mural granulosa cells express high levels of
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FSH receptors, leading the follicular development to be 
strongly dependent on FSH concentration in the antrum.  

The pre-ovulatory phase in its turn is 
characterized by a remodeling in morphology and 
biochemistry of mural granulosa cells, which produce 
increasing levels of estradiol and inhibin, besides initial 
expression of LH receptor. Estradiol and inhibin act on 
the pituitary, inhibiting FSH secretion. Simultaneously, 
the increasing levels of estradiol induce GnRH secretion 
and the consequent release of LH. Consequently, the 
progression to the peri-ovulatory follicle is characterized 
by cumulus cells expansion and blockage of mural 
granulosa cells proliferation. Ultimately, this leads to 
ovulation of an oocyte that should be competent for 
fertilization and capable of supporting the development 
of a viable offspring (Binelli and Murphy, 2010). 

During follicular development, granulosa cells 
intimately interact with the oocyte through transzonal 
projections (TZPs). Hence, the metabolism of granulosa 
cells is modulated in favor of the gamete’s needs 

through oocyte-derived factors (i.e., GDF9, BMP15 and 
FGF8B). In addition, the oocyte is devoid of various 
enzymes of glycolysis and cholesterol biosynthesis and 
does not have receptors for the uptake of some amino 
acids. Consequently, adenosine triphosphate (ATP), 
pyruvate, amino acids and cholesterol must be captured 
or produced by granulosa cells and supplied to the 
oocyte (Su et al., 2007; Sugiura et al., 2007). 
Nonetheless, near ovulation the oocyte loses contact 
with cumulus cells, having to support its own needs 
(Fig. 1). This represents a huge challenge for the gamete 
as maturation requires great energy input. Oocyte 
maturation involves nuclear and cytoplasmic 
maturation: nuclear maturation is characterized by 
germinal vesicle (GV) breakdown (GVBD), meiotic 
progression to metaphase-II (MII) stage and extrusion 
of the first polar body (PB1); cytoplasmic maturation 
includes redistribution of organelles such as 
mitochondria, the endoplasmic reticulum and cortical 
granules (Collado-Fernandez et al., 2012). 

 
Figure 1. Mitochondrial cycle during folliculogenesis. Throughout folliculogenesis both mitochondria and 
mitochondrial DNA (mtDNA) amount increase, reaching their highest numbers in ovulated oocytes (on the very 
right). It is also noted the mitochondrial displacement, being close to the germinal vesicle (GV) and later moving 
around the meiotic spindle (on the ovulated oocyte), provides energy at specific sites with higher demand. Also, 
transzonal projections (TZPs) are present up to the antral follicle, being absent in the ovulated oocyte. Granulosa 
cells use TZPs to closely interact with the oocyte and supply it with several molecules, including ATP, pyruvate, 
cholesterol and amino acids. Once TZPs are broken up, the oocyte has to rely on its own stores. 
 

Oocyte mitochondria 
 

Mitochondria play a central role in cellular 
energy metabolism, besides being involved in calcium 
(Ca2+) handling, biogenesis of iron-sulfur clusters, 
apoptosis, etc. ATP is produced inside mitochondria 
through the transport of electrons, which are derived 
from reducing equivalents (i.e., NADH and FADH2). 
These electrons are carried along complexes I, II, III 
and IV of the electron transport chain, which are located 
in the inner mitochondrial membrane. Hence, there is 
the pumping of protons (H+) from the matrix to the 
inter-membrane space, generating a mitochondrial 

membrane potential (ΔΨm) that is further used by 
complex V as the driving force for ATP synthesis. 
Compared to glycolysis, oxidative phosphorylation 
makes it possible to produce 18 times more ATP from 
the same amount of glucose. On the other hand, energy 
generation in mitochondria may result in production of 
ROS, which are potentially harmful to protein folding 
and structure, besides leading to mtDNA mutations. 

The number of mitochondria increases during 
the oocyte development and it can reach up to 
approximately one hundred thousand in mature oocytes 
(Jansen and De Boer, 1998). During the same period, 
mtDNA copy number increases a thousand-fold,
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reaching ~200,000 molecules in fully-grown oocytes 
(Cao et al., 2007; Cree et al., 2008; Wai et al., 2008; 
Fig. 1). Thus, among all cell types in mammals, the 
oocyte owns the largest content of mitochondria and 
mtDNA. Considering that for most somatic tissues there 
is a strong link between mitochondrial content and 
oxidative capacity, these findings suggest the gamete 
requires a great energy input for its development. 
However, two other characteristics of oocytes contrast 
with this belief: i) the existence of a decreased number 
of mtDNA molecules (i.e., one or two molecules) per 
organelle; and, ii) the immature architecture of 
mitochondria in oocytes (i.e., fragmented, rounder and 
smaller), in comparison with the elongated 
mitochondrial morphology in most somatic cells 
(Wassarman and Josefowicz, 1978; Jansen and De Boer, 
1998; Motta et al., 2000; Chiaratti et al., 2018; Fig. 2). 
Together, these characteristics support a state of low 
oxidative activity, possibly minimizing the negative 
effects of ROS generation on the gamete (Chen and 
Chan, 2017).  

In fact, oocytes with impaired mitochondrial 
function can grow, be ovulated and even fertilized 
(Johnson et al., 2007). In keeping with this, granulosa 
cells closely interact with the oocyte through TZPs to 
supply it with energetic molecules such as ATP and 
pyruvate. Actually, this role of granulosa cells is 
modulated by factors secreted by the gamete, which 
stimulate glycolytic activity, TZP formation, and other 
functions (Su et al., 2007; Sugiura et al., 2007; El-
Hayek et al., 2018). Thus, in a mitochondrial 
dysfunction condition, the oocyte likely takes advantage 
of granulosa cells to modulate their metabolism in favor 
of its own needs. 

In light of the above information, why do 
oocytes store so many mitochondria if they are not 
required for oogenesis? This can be answered, at least 
partially, by the role these organelles play during the 
maturation period and early embryogenesis. With the 
LH surge and consequent cumulus cells expansion, TZP 
are lost and can no longer support the gamete (Fig. 1). 
As a consequence, the oocyte must rely on its own 
energetic sources, including ATP, pyruvate and 
mitochondria stored early during oogenesis (Kruip et 
al., 1983; Fair et al., 1997; Johnson et al., 2007). 
Mitochondrial dysfunctions that do not affect early 
oogenesis can indeed impair oocyte maturation, leading 
to infertility (Thouas et al., 2004; Zhang et al., 2006; 
Ben-Meir et al., 2015; Boucret et al., 2015; May-
Panloup et al., 2016). During oocyte maturation, 
mitochondria are highly mobile, clustering at specific 
sites (i.e., around GV and spindles) to assure the energy 
requirement to be met (Kruip et al., 1983; Yu et al., 
2010; Udagawa et al., 2014; Wakai et al., 2014). Thus, 
the large number of mitochondria possibly 
counterbalance their decreased activity, assuring energy 
demand to be supplied locally, without excessive ROS 
generation (Fig. 1). 

 
Ruminant mitochondria 

 
Mitochondrial architecture in ruminant oocytes 

grossly resembles that of rodents, with exception of 
some peculiarities. During early development, 
mitochondria in oocytes from primordial to secondary 
follicles are predominantly round, with only a few 
assuming an elongated shape. However, the elongated 
form become more often with follicle development, 
representing approximately half of the mitochondrial 
population in oocytes from early antral follicles. Further 
on development, elongated mitochondria are replaced 
by hooded mitochondria, which are unique to 
ruminants. The role of hooded mitochondria is unclear, 
but they are the most abundant shape in fully-grown 
oocytes (Fair et al., 1997). During early oocyte 
maturation, these mitochondria become markedly 
aggregated and move to a more peripheral position. In 
addition, mitochondrial clusters associate with lipid 
droplets and elements of smooth endoplasmic reticulum, 
which together are termed metabolic units. It is assumed 
that the uncoupling of cumulus cells from the oocyte 
requires gamete mitochondria to provide the necessary 
energy for protein synthesis and the continuation of 
meiosis and cytoplasmic maturation. In light of this, 
formation of metabolic units should facilitate 
conversion of lipids and carbohydrates in ATP. In 
agreement with this, near ovulation, when the oocyte 
completes its maturation, the metabolic units migrate to 
the center of the gamete and the cluster of organelles 
disaggregates (Kruip et al., 1983). 
 

Mitochondrial dynamics 
 

Mitochondrial dynamics is regulated by the 
counteracting forces of fusion and fission, which 
determine mitochondrial morphology, localization and 
activity (Twig and Shirihai, 2011; Mishra and Chan, 
2014). Mitochondrial fusion is orchestrated by three 
dynamin-related GTPases – Mitofusin 1 (MFN1) and 
Mitofusin 2 (MFN2) on the outer mitochondrial 
membrane and Optic Atrophy 1 (OPA1), on the inner 
mitochondrial membrane; whereas a larger GTPase, 
Dynamin 1-like (DNM1L or DRP1) and accessory 
factors present on the outer mitochondrial membrane 
mediate organelle constriction and fission. MFN1 
promotes mitochondrial docking leading to initiation of 
fusion while functionally interacting with OPA1, 
enabling the occurrence of basal levels of fusion in the 
absence of MFN2 (Mishra and Chan, 2014; Schrepfer 
and Scorrano, 2016). On the other hand, MFN2 acts in 
subsequent steps of mitochondrial fusion and plays 
alternative roles in the cell such as regulation of 
energetic metabolism. MFN2 is also present on 
endoplasmic reticulum membrane where it controls 
morphology and tethering with mitochondria 
(Schrepfer and Scorrano, 2016). As a result, MFN1 
deficiency has a larger impact on mitochondrial fusion 
compared to the lack of MFN2. Yet, complete absence 
of either MFN1 or MFN2 is embryonic lethal in mice 
and mutations in MFN2 are associated with metabolic 
and neurodegenerative diseases in humans (Mishra and 
Chan, 2014; Schrepfer and Scorrano, 2016). 

With respect to oocytes, the unique 
characteristics of their mitochondria likely rely on
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increased rate of fission in relation to fusion 
(Wassarman and Josefowicz, 1978; Fair et al., 1997; 
Motta et al., 2000; Mishra and Chan, 2014; Fig. 2). This 
assumption is supported by the finding that ablation of 
fission leads to mitochondrial elongation in mouse 
oocytes (Udagawa et al., 2014). Yet, overexpression of 
MFN1 or MFN2 does not cause mitochondrial 
elongation in oocytes (Wakai et al., 2014), suggesting 
that keeping mitochondria fragmented is critical for the 
gamete. In fact, mice with oocytes deficient for 
mitochondrial fission are infertile (Udagawa et al., 
2014), whereas overexpression of fusion genes impairs 
oocyte viability (Wakai et al., 2014). This effect was 
explained by accentuated interaction between organelles 
(i.e., mitochondrion-mitochondrion and mitochondrion-
endoplasmic reticulum), possibly mediated by the 
increased levels of either MFN1 or MFN2. Moreover, 
overexpression of MFN2 markedly disintegrated the 
endoplasmic reticulum network as this organelle was 
heavily tethered to mitochondria, thus preventing their 
proper migration through the cytoplasm. As a result, 
Ca2+ stores in the endoplasmic reticulum were severely 
depleted (Wakai et al., 2014). 

Since oocyte mitochondria compensate their 
decreased metabolic state being highly dynamic (Kruip 
et al., 1983; Fair et al., 1997; Yu et al., 2010), increased 
mitochondrial fragmentation, without excessive 
tethering, might be required to meet the oocyte’s needs. 
However, this does not imply that fusion is absent in 
oocytes, as mitochondrial mobility is dependent on 
fusion (Chen et al., 2003, 2005; Tang, 2015). In 
addition, fusion is essential for the function of the 
organelle as cells lacking mitochondrial fusion have a 
severe defect in respiratory capacity and mtDNA 
instability (Chen et al., 2003, 2005, 2010; Papanicolaou 
et al., 2012; Mishra and Chan, 2014; Schrepfer and 
Scorrano, 2016). Repeated cycles of fission and fusion 
are needed for homogenization of the mitochondrial 
content (including proteins, RNAs and mtDNA) among 
organelles within the cytoplasm (Kowald and 
Kirkwood, 2011; Mishra and Chan, 2014), which 
should be critical in oocytes considering their large size. 
Finally, the mitochondrial quality control is intrinsically 
involved with mitochondrial dynamics (Twig and 
Shirihai, 2011; Aanen et al., 2014), suggesting that 
increased fission enhances clearing of damaged 
organelle in oocytes. 

 
Mitochondrial inheritance 

 
In mammals, mtDNA has ~16.5 kb and 

encodes 37 genes, 13 messenger RNAs (mRNAs), 2 
ribosomal RNAs (rRNAs) and 22 transporter RNAs 
(tRNAs). All 13 polypeptides encoded by mtDNA, 
together with polypeptides encoded by nuclear DNA, 
make up complexes I, III, IV and V of the electron 
transport chain (Wallace and Chalkia, 2013). Since 
mtDNA contains almost no intergenic regions and is 
devoid of introns, mutations are more likely to affect its 
protein coding than what is expected for nuclear DNA. 
In addition, mitochondria are a major site of ROS 
generation in cells, which makes mtDNA prone to 

mutation onset (Wallace and Chalkia, 2013; Stewart and 
Chinnery, 2015). Mutations in mtDNA can encompass 
the entire pool of mtDNA in the cell (which is defined 
as homoplasmy) or only a fraction (heteroplasmy). 
Since most mtDNA mutations are recessive, in case of 
heteroplasmy, the mutation effect will depend on the 
mutation load (Schon et al., 2012). Also, constant 
events of mitochondrial fusion and fission enable 
mitochondria to complement each other, minimizing 
mutation consequences on the cell (Wallace and 
Chalkia, 2013; Mishra and Chan, 2014).  

In mammals, the frequency of a mtDNA 
haplotype present in heteroplasmy varies in offspring 
around the frequency in the progenitor, and 
homoplasmy tends to be reestablished within few 
generations (Jenuth et al., 1996). This rapid segregation 
pattern is proposed to result from the mitochondrial 
genetic bottleneck. Accordingly, mtDNA is not 
replicated in the female germline during early 
development, resulting in a few dozens of copies in 
primordial germ cells (PGCs). Therefore, the reduction 
of mtDNA copy number by a thousand fold between 
fertilization and formation of PGCs is pointed out to 
force segregation of mtDNA variants (Cao et al., 2007; 
Cree et al., 2008; Wai et al., 2008). Moreover, only a 
small number of the cells among thousands present in 
the embryo give rise to PGCs, and not the entire pool of 
mtDNA in oogonia seems to be used as template for 
replication of mtDNA during oocyte development 
(Wallace and Chalkia, 2013; Chiaratti et al., 2018).  

Even though the bottleneck theory is widely 
accepted, some of its molecular aspects are poorly 
understood, as well as it does not account for a 
purifying filter in the germline against mtDNA 
mutations (Sato et al., 2007; Fan et al., 2008; Stewart et 
al., 2008; Freyer et al., 2012; Sharpley et al., 2012). 
This filter suggests that the oocyte actively eliminates 
deleterious mtDNA mutations based on their effect on 
mitochondrial function. The unique characteristics of 
mitochondria in the germline have been proposed to 
enhance selection against organelles with deleterious 
mutations (Floros et al., 2018). More specifically, the 
lower mtDNA content and the fragmented network of 
oocyte mitochondria (Fig. 2) might minimize organelle 
complementation, further facilitating destruction by 
selective autophagy. 

Mitochondria are constantly eliminated and 
renewed in the cell based on a mechanism of quality 
control that ensures their functionality. Mitochondrial 
elimination involves a selective form of autophagy (i.e., 
hereafter called mitophagy) through which the whole 
organelle, including its mtDNA molecules, is destroyed. 
This is underpinned by selective accumulation of 
PINK1 in the outer membrane of dysfunctional 
mitochondria, which results in the phosphorylation of 
proteins attached to this membrane, including PARKIN 
that is recruited from the cytosol (Narendra et al., 2008; 
Chen and Dorn, 2013; Lazarou et al., 2015; Swatek and 
Komander, 2016). Next, mitophagy receptors such as 
NDP52 and OPTN bind to ubiquitinated mitochondrial 
proteins and recruit the autophagic machinery (Lazarou 
et al., 2015). Eventually, autophagosomes are
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responsible for engulfing the organelle, leading to its 
destruction in lysosomes (Swatek and Komander, 
2016). Importantly, this pathway is intrinsically 
associated with mitochondrial dynamics. In one hand, 
fusion enables mitochondrial complementation through 
mixing the content of impaired mitochondria with that 
of functional ones. On the other hand, fission removes 
dysfunctional organelles form their network, further 
preventing their fusion and complementation, then 
leading to their destruction by mitophagy. 

In somatic tissues, mitophagy is part of the 
turnover mechanism responsible for eliminating 
damaged organelles. Deficiency in this mechanism 
results in mitochondrial dysfunction and accumulation 
of defective organelles, which seem to be a key factor 
during aging (Sebastián and Zorzano, 2016). However, 
as mentioned above, some unique characteristics of 
oocytes make them more prone for mitophagy than 

somatic cells. Fragmentation of the mitochondrial 
network suggests fission is increased in oocytes in 
relation to fusion (Fig. 2), which might facilitate 
elimination of dysfunctional organelles. In addition, the 
lower content of mtDNA per mitochondrion together 
with decreased fusion likely prevent organelle 
complementation and enhance detection and elimination 
of dysfunctional mitochondria with mutant molecules. 
In support of this, mitophagy underpins elimination of 
all paternal mitochondria shortly after fertilization 
(Rojansky et al., 2016). Paternal mitochondria lose 
ΔΨm after entering the oocyte, which seems to be the 
trigger for mitochondrial degradation. As a 
consequence, this recruits PARKIN and MUL1 to 
paternal mitochondria, which are tagged for degradation 
in lysosomes by ubiquitination (Sutovsky et al., 1999; 
Al Rawi et al., 2011; Boucret et al., 2015; Rojansky et 
al., 2016). 

 
 

 
Figure 2. Mitochondrial architecture in germ and somatic cells. For most somatic cells the mitochondrial 
architecture seems to be kept by a balance between the rates of organelle fusion and fission. In comparison, oocyte 
mitochondria display a rounder appearance and fragmented network, suggesting there is an imbalance in the 
organelle dynamics. More specifically, oocyte mitochondria seem to be more prone to fission than fusion.  
 

Conclusion 
 

Oocyte mitochondria display unique 
characteristics in terms of morphology, numbers and 
content of mtDNA, which underpin the key role of 
mitochondria to oocyte competence. In addition, these 
characteristics are important to prevent the gamete from 
oxidative damage, besides contributing with 
mitochondrial homoplasmy and elimination of 
deleterious mtDNA mutations. 
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Abstract 
 

The intensive use of Doppler ultrasonography 
in several studies in the last decade allowed the 
characterization of vascular perfusion and the estimation 
of function of the reproductive organs and tissues along 
the estrous cycle and pregnancy in cattle. We aim to 
discuss the possibility of using Doppler imaging and to 
explore the potential of its inclusion in reproductive 
programs in cattle industry. Recent studies in dairy and 
beef cows indicated a high accuracy and sensitivity 
when Doppler ultrasonography is used to evaluate 
corpus luteum function and to diagnosis pregnancy 
between days 20 and 22. Moreover, resynchronization 
programs starting 5 to 7 days after timed embryo 
transfer (FTET) coupled with early pregnancy diagnosis 
were developed for beef cattle, and have been 
implemented in commercial embryo transfer programs. 
These strategies allow a reduction in the interval 
between two FTET from ≈ 40 to 24 days and may 
improve the gains in reproductive efficiency when 
compared to traditional programs than begin 
resynchronization after the pregnancy diagnosis at 30 
days. A second alternative to use Doppler imaging is the 
evaluation of luteal blood perfusion at the time of 
embryo transfer for selection of recipients with greater 
receptivity potential. This may increases fertility in 
FTET, as embryos would not be transferred to females 
with non-functional CL, and in cases with recipients 
surplus, females with higher receptivity would be 
prioritized. 
 
Keywords: blood flow, corpus luteum, pregnancy. 
Uterus. 
 

Introduction 
 

Already in the 1980s, it was stated by the 
researcher Dr. O. J. Ginther that “since the introduction 
of transrectal palpation and the radioimmunoassay for 
circulating hormones, real-time ultrasonography is the 
most profound technological advance in the field of 
reproductive research and clinic of large animals” 
(Ginther, 1986). During the last decades, the use of 
ultrasound imaging has reached great dimensions in 
research centers and commercial livestock activities, 

enabling great improvements in clinical diagnosis and 
reproductive efficiency of dairy and beef herds. 

Among the several options, conventional 
ultrasonography in brightness mode (B, gray scale) 
provides a real-time, two-dimensional image of organs 
and structures (Ginther, 1995; 1998). Thus, routine use 
of B-mode ultrasonography provides the possibility of 
a better evaluation of bovine females to initiate an 
artificial insemination (AI) program or the quality of 
recipients to receive embryos in embryo transfer (ET) 
programs. More recently, Doppler ultrasonography 
also started to be used in research to evaluate the 
reproductive system of horses and cattle throughout 
the estrous cycle and during pregnancy (Bollwein e al., 
2002; Ginther, 2007). Its potential use is due to the 
ability to assess the functionality of organs and tissues 
based on lower or higher blood perfusion. In the last 
10 years, the annual average number of research 
studies in the field of bovine reproduction using this 
technology almost doubled relative to the previous 
decade (14.7 vs. 7.9; ScienceDirect). Among the 
several possibilities for evaluation, Doppler 
ultrasonography has been used as a non-invasive and 
real-time technique to estimate the functionality of the 
corpus luteum (CL) for selection of recipients and for 
early pregnancy diagnosis in fixed-time AI (FTAI) and 
ET (FTET) programs (Siqueira e al., 2013; Pugliesi e 
al., 2014; 2016). 

Thus, we aim with this manuscript to discuss 
the potential uses of Doppler ultrasonography in cattle 
and highlight recent results of its inclusion in 
commercial FTET programs. 
 

Use of ultrasonography in bovine reproduction 
 

In applied reproductive, transrectal 
ultrasonography has become an important tool for 
evaluating the female reproductive tract in cattle. 
Ultrasound allowed the evaluation of reproductive 
organs for several purposes, such as: to monitor 
follicular dynamics; examination of the ovulation 
process; CL morphology; pregnancy diagnosis, 
evaluation of embryo and fetal viability; and several 
diagnoses of pathological changes in the female 
reproductive organs and tissues (Ginther, 1995). 
Currently, its use in bovine reproductive practice 
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focuses on the pregnancy diagnosis after 28 days, 
evaluation of cyclicity, and diagnosis of reproductive 
diseases such as ovarian cysts and uterine infections in 
the postpartum period (Ginther, 1998). 

Ultrasonography has also been constantly used 
in research cent and by veterinarians. However, correct 
evaluation and ultrasound image quality are dependent 
on the operator's experience and knowledge regarding 
the interactions between the sound wave and the tissues 
and organs, as well as the correct equipment setup 
(DesCôteaux e al., 2005). The greater accessibility to 
good quality equipment and training facilitated the 
incorporation of ultrasonographic evaluations into 
reproductive programs in dairy and beef cows. Because 
of these valuable features and uses, ultrasonography has 
become the “gold standard” for assessing the 
reproductive status and response of cows to 
reproductive programs of AI and ET (Ginther, 1998; 
Pugliesi e al., 2017).  
 

Possible reproductive evaluations with Doppler 
ultrasonography 

 
Principles and forms of evaluation 
 

Doppler ultrasonography is a relatively recent 
technique in veterinary medicine, and this equipment 
uses the difference between the frequencies of the 
reflected waves and waves sent by the transducer 
(“Doppler shift”; Szatmari e al., 2001). In blood 
circulation, this difference occurs due to the movement 
of red cells that promote a positive (higher frequency) 
or negative (lower frequency) difference based in the 
movement towards or in the opposite direction of the 

transducer, respectively. 
Most of the currently Doppler ultrasound 

equipments allow three modes of assessing blood 
perfusion: spectral mode (pulse-wave), power-doppler 
mode and color-doppler mode. The Spectral mode 
allows the difference in frequency detected by the 
instrument to be projected on a two-dimensional chart 
as a function of time, and a Doppler waveform is 
formed during the cardiac cycle when assessing blood 
flow in arteries (Ginther, 2007). In this mode, some 
indices are automatically calculated by the equipment 
software (resistance and pulsatility indices) and are 
useful for estimating blood perfusion in tissues irrigated 
by the assessed vessel (Ginther, 2007). In Color-
Doppler equipment, frequency differences are coded as 
colored signals over a conventional B-mode image 
(Figure 1, Panels A and B). Positive (blood flow 
towards to transducer) and negative (blood flow in the 
opposite direction of the transducer) differences are 
indicated by different colors, which are usually in 
shades of red to yellow and blue to green (Ginther e al., 
2007). The Power-Doppler mode allows the 
measurement of blood flow intensity (i.e., the number of 
blood cells moving in the vessel per unit of time) and 
the image shows different color intensity according to 
the intensity of the flow in each point of the evaluated 
area (Ginther, 2007). Colored representations of blood 
perfusion on the screen can be estimated by the 
proportion of tissue with colored signals or calculated 
by software on the amount of colored pixels (Ginther, 
2007; Pugliesi e al., 2014). Another alternative for 
evaluation is the subjective determination through a 
scale of 0 to 4 for the evaluated area (Silva and Ginther, 
2010; Lemes e al., 2017).  

 

 
Figure 1. Ultrasound images of bovine ovary showing corpus luteum (CL). Panels A and B: B-mode image (A) and 
Color-Doppler mode (B, detection limit: 0.04m/sec) of a non-active CL; Panels C and D: B-mode image (C) and 
Color-Doppler mode (D-detection limit: 0.04m/sec) of an active CL.  
 
 
Evaluation of uterine blood flow  
 

Among all the possible applications of 
ultrasonography, scanning the uterus for detection of 
pregnancy and infections are the main commercial 
practices in the bovine industry. In cattle, Doppler 
ultrasonography was initially used to detect fetal 
circulation (Mitchell, 1973). Also, uterus 
hemodynamics can be accessed by color and spectral 
modes, to evaluate, respectively, blood perfusion in the 
endometrium and mesometrium, and resistance and 
pulsatility indexes in the middle uterine artery 
(Bollwein e al., 2016).  

Blood perfusion in the bovine uterus has a 

well-defined pattern during the estrous cycle. During 
proestrus and estrus, high values of blood flow are 
observed; while at diestrus, the flow remains at a low, 
but constant rate (Bollwein e al., 2016). These changes 
are directly associated with the circulating 
concentrations of progesterone (P4) and estradiol. In 
pregnant cows, at the beginning of the third week, there 
is an increase in blood perfusion in the pregnant horn 
compared to the non-pregnant horn (Silva and Ginther, 
2010). However, due to the great variability in the blood 
flow among animals, it is not possible to make an early 
pregnancy diagnosis with a simple measurement of the 
uterine blood flow using Doppler ultrasonography 
(Silva and Ginther, 2010).  
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Evaluation of ovarian structures  
 

Due to the ability to indirectly assess the 
function of structures and tissues, Doppler 
ultrasonography was widely used to evaluate the 
function of the dominant follicle and CL throughout the 
estrous cycle in mares and cows (Acosta e al., 2005; 
Siddiqui e al., 2009; Herzog e al., 2010; Ginther e al., 
2014), and more recently, in small ruminants (Balaro e 
al., 2017). Several studies indicated a positive 
association between vascularization and follicular 
function (reviewed in Viana e al., 2013), since the 
development of follicles is related to the formation of 
the vascular network in the theca interna. Thereby, a 
higher blood perfusion is observed in the follicular wall 
of dominant and pre-ovulatory follicles compared to 
small follicles (Miyamoto e al., 2006).  

Similarly, treatments that promote greater 
growth of the dominant follicle result in a more 
vascularized pre-ovulatory follicle with a greater 
capacity for estradiol secretion (Mesquita e al., 2014; 
Pugliesi e al., 2016a). Therefore, evaluation of the wall 
vascularization in dominant follicles at the onset of pro-
estrus or pre-ovulatory follicles could indicate follicular 
function and be a tool to predict pregnancy success. 
However, in cattle the evaluation of the vascularization 
in the wall of the pre-ovulatory follicle on the day of 
FTAI did not indicate any relation with pregnancy rate 
(Pinaffi e al., 2015). 

Ultrasonography assessment of CL with 
consequent estimation of its functional status is an 
important aspect for reproductive management and was 
initially developed as a diagnostic tool in addition to 
transrectal palpation in cattle. Although the assessment of 
luteal size is positively correlated with circulating P4 
concentrations, during the CL regression period this 
correlation is lower because the rates of decrease are 
faster for P4 than for CL size (Kastelic e al., 1990; Assey 
e al., 1993). Thus, evaluation of vascularization in luteal 
tissue may represent more accurately the function of CL 
due to the high vascular network present in this transient 
endocrine gland (Bollwein e al., 2002, 2012).  

In addition, evaluation of blood perfusion in 
CL can be very useful because higher P4 concentrations 
at the beginning of the diestrus are related to the greater 
development of the conceptus (Mann and Lamming, 
2001), and associated with a higher pregnancy 
probability. As observed in follicles, increased luteal 
vascularization at early diestrus (days 4-7 after 
ovulation) also indicated a greater chance of pregnancy 
success in one study (Pugliesi e al., 2016a), but not in 
another (Pinaffi e al., 2015). These differences can be 
derived from the different moments and criteria of the 
evaluations carried out in these investigations.  
 
Luteolysis detection for early pregnancy diagnosis  
 

Although discrete anechoic structures 
suggestive of the embryonic vesicle may already be 
observed by ultrasound between 12-14 days of 
pregnancy (Pierson and Ginther, 1984) and the embryo 
can already be identified between 19-24 days (Hazen 

and Delsaux, 1987), ultrasound-based pregnancy 
diagnosis in B-mode is only recommended after 28-30 
days (Pieterse e al., 1990). This occurs because the 
sensitivity and accuracy in the conceptus visualization 
only reach 100% when diagnosis is performed after 
this stage of gestation (Nation e al., 2003). However, 
in non-pregnant cows, estrus will normally return 
between 18 and 24 days after ovulation, once CL 
regression takes place, which normally occurs between 
days 15 and 18 of the cycle (Ginther e al., 2010; 
Pugliesi e al., 2013). Thus, it has been suggested that 
CL evaluation at time points close to its regression or 
maternal recognition of pregnancy could allow an 
earlier assessment to gestational status (Pugliesi e al. 
2014; Scully e al., 2015).  

The use of ultrasonography for early pregnancy 
diagnosis (first 21 days of pregnancy) was initially 
evaluated by Kastelic e al. (1989, 1991). These authors 
reported that the assessment of CL size using B-mode 
provided low accuracy (<75%) before day 18 after 
insemination. However, higher accuracy (90-100%) was 
observed when the evaluation is performed between 
days 20 and 22. Although assessing CL size provides 
good accuracy, circulating P4 concentrations, which 
indicate luteal function, have a greater correlation with 
blood perfusion than with CL size during the luteolytic 
period in ruminants (Herzog e al., 2010; Balaro e al., 
2017; Rocha e al., 2017). This possible advantage 
allowed more in-depth studies on blood perfusion in 
spontaneous and induced luteolysis in cows and heifers 
(Ginther e al., 2007; 2010; Shrestha e al., 2011; Pugliesi 
e al., 2012). Other studies (Utt e al., 2009; Pugliesi e al., 
2014; Scully e al., 2014; 2015) also characterized the 
changes in CL vascularization between pregnant and 
non-pregnant cows. The results allowed the definition of 
vascularization characteristics and size of CL during 
luteolysis and served as a basis for the conception of a 
criterion to identify a functional or non-functional CL 
(Pugliesi e al., 2014).  

Some studies indicated that Doppler 
ultrasonography could be used as a method for early 
pregnancy diagnosis (Matsui and Myamoto, 2009; 
Quintela e al., 2012). Siqueira e al (2013) reported a 
high accuracy and almost 100% of sensitivity on early 
diagnosis of non-pregnant dairy cattle at 20 days after 
insemination using just CL vascularization as a 
criterion. In beef herds, we observed 100% of sensitivity 
and 91% of accuracy when considering CL 
vascularization and size to determine pregnancy status 
on day 20 post-AI (Pugliesi e al., 2014). These results 
suggest that Doppler is an accurate tool for early 
pregnancy diagnosis because there is a low possibility 
of erroneously diagnosing a pregnant cow as non-
pregnant (false negatives near to 0%). 

In Siqueira e al. (2013) females were 
considered non-pregnant when they did not show 
colored signs indicating blood flow in the central region 
of CL. In Nelore beef cows (Pugliesi e al., 2014), it was 
determined that non-pregnant females would have 
colored signs indicating blood flow ≤ 25% of its area 
and size <2cm2 (Fig. 1). This subjective evaluation can 
be transformed into a simpler and more practical scale
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through vascularization scores (Pugliesi e al., 2017). 
Thus, it is easier to understand and evaluate CL 
functionality. 

When reduced CL blood perfusion and size are 
used together to identify a non-pregnant female, there are 
lower chances of false negatives, because the criterion 
becomes more rigid, avoiding the underestimation of 
vascularization, false negative results and economic loss 
(Pugliesi e al., 2014). On the other hand, the proportion 
of false positive results (proportion of cows diagnosed as 
pregnant by Doppler, but actually not pregnant by 
conventional ultrasonography on day 30) should also be 
considered. False positive can occur due to several factors 
that lead to the presence of a functional CL on the day of 
diagnosis, such as late ovulation to the synchronization 
protocol and longer estrous cycle (>22 days) in some 
animals. However, most of the false positives results 
observed with Doppler ultrasonography may come from 
embryo losses between early diagnosis (days 20-22) and 
conventional diagnosis (day 30). This is indicated by the 
higher proportion of false positive results in dairy cattle 
(Siqueira e al. 2013) compared to beef cattle (Pugliesi e 
al., 2014), in which pregnancy losses are normally 
lower (Diskin e al., 2016). 
 

Applications in commercial FTET programs 
 

The possibility of evaluating CL functionality 
during the estrous cycle allowed the development of 
some techniques to include Doppler ultrasonography 
into FTAI and FTET programs. Nevertheless, 
ultrasound equipment should be appropriately 
configured for the chosen brand and model, and this is 
extremely important because the amount of colored 
signals on the display is highly influenced by the type of 
setting (frequency, number of frames per second, power, 
Doppler gain and pulse rate). In general, it is suggested 
a configuration that allows a minimum detectable 
velocity around 4-6 cm/sec (Ginther, 2007). Although 
the cost of a portable Doppler machine is still 3 to 4 
times greater than the cost of B-mode equipment, it has 
been reducing over the last years, which made it 
possible for practitioners to acquire such equipment for 
commercial use in FTAI and FTET programs. 
 
Use for early pregnancy diagnosis in FTET programs  

 
Diagnosing non-pregnant cows with high 

accuracy between 20 and 22 days post-insemination 
allowed the development of new strategies to reduce the 
interval between FTAI or FTET procedures in a 
breeding season (Fig. 2). Among these strategies, 
performing a second FTET in an interval of only 24 
days after the first FTET is highlighted. This promotes a 
16-day reduction in the interval between two FTET 
when compared to the traditional system, which only 
start resynchronization of ovulation in non-pregnant 
females 23 days after ET (30 days of possible 
pregnancy), or an 8-days anticipation compared to the 
early system that resynchronizes all cows at 22 days of 
pregnancy. However, this anticipation is only possible 
with the early pregnancy diagnosis by Doppler 

ultrasonography between 20-22 days and an early 
resynchronization of ovulation 5-7 days after FTET (12 
to 14 days of the estrous cycle).  

The possibility of initiating resynchronization 
after early diagnosis with Doppler was initially 
evaluated in 165 embryo recipients at 21 days, aiming to 
improve reproductive management in FTET programs 
(Guimarães e al., 2015). In this study, the early 
pregnancy diagnosis was performed by evaluation of 
CL vascularization score, in addition to the information 
about the presence and side of CL evaluated on the day 
of embryo transfer (day 7). This helped to distinguish 
young CLs, which have a reduced size, but high 
vascularization. When compared to the conventional 
pregnancy diagnosis on day 30, accuracy and sensitivity 
of early diagnosis at day 21 observed were 88.3% and 
100%, respectively. This diagnosis enabled 80% of non-
pregnant recipients to be diagnosed at 21 days and 
resynchronized for a new FTET program. 

Recently, we evaluated the reproductive 
performance of beef recipient cows evaluated by 
Doppler ultrasonography to detect CL regression at day 
22 of pregnancy and submitted to two protocols for 
FTET in 24 days (Pellegrino e al., 2018; unpublished 
data). In this study, suckling Nelore cows were 
submitted to a P4/estradiol based protocol for FTET. On 
Day 7 (Day 0 = expected ovulation), cows were 
evaluated by transrectal ultrasonography using a B-
mode and color Doppler ultrasound instrument and 
received a fresh in vitro-produced embryo. On Day13, 
resynchronization was initiated by treating cows with 
high doses of P4 (new P4 intravaginal device and 100 mg 
of injectable P4), as administration of estradiol esters at 
this phase of the cycle may induce CL regression 
(Vieira e al., 2014). On Day 22, P4 devices were 
removed and cows were evaluated by ultrasonography. 
On Day 22, 48.3% (102 of 211) of recipients were 
diagnosed as non-pregnant by Doppler ultrasonography 
(CL with <25% of color signals indicating blood 
perfusion in the luteal area), ovulation was induced with 
1 mg of estradiol cypionate and 25 mg of dinoprost 
tromethamide was given. On Day 31, non-pregnant 
cows were evaluated and those with a new CL received 
an embryo. This strategy allows a 24d-interval between 
FTETs. On Day 80, 67.8% (75/109) of recipients 
diagnosed as pregnant on Day 22 were still pregnant. At 
the second FTET, the utilization rate of recipients was 
81.4% (83/102) and pregnancy rate for transferred 
recipients was 48.1% (38/79). Cumulative pregnancy 
rate after first and second FTET was 53.6% (113/211). 
These results indicated that the use of early detection of 
non-pregnant cows at Day 22 by Doppler 
ultrasonography associated with resynchronization of 
ovulation 6 days after FTET results in suitable 
pregnancy and utilization rates.  

Because of the high cost of a portable Doppler 
equipment, the single use of CL size accessed by B-
mode ultrasonography for the detection of luteolysis 
was recently evaluated by our group (Ataide Jr e al., 
2018; FMVZ, Universidade de São Paulo, 
Pirassununga, SP, Brazil; unpublished data), but results 
indicated a lower accuracy and a high rate of false-
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negative exams. The reproductive performance of beef 
recipients was evaluated by B and Doppler modes 
ultrasonography to detect CL regression and submitted 
to two protocols for FTET in 24 days. Pregnancy 
diagnosis on Day 22 in the B-mode method was 
compared with the Doppler mode (gold standard). For 
the B-mode evaluation, cows with a CL <2cm2 were 
considered non-pregnant. Pregnancy diagnoses agreed 
between B and Doppler modes in 95.3% (201/211). The 
incorrect results were 8 false-negatives (non-pregnant 
for B-mode but pregnant for Doppler method) and 2 
false-positives (pregnant for B-mode but non-pregnant 
for Doppler method). For FTAI, a similar comparison 
between B-mode and color-Doppler evaluation on day 
22 of pregnancy indicated a higher false negative rate 
(15-20%). This proportion was greater in heifers, which 
have smaller CL compared to cows (Pugliesi e al., 
2018; FMVZ, Universidade de São Paulo, 
Pirassununga, SP, Brazil; unpublished data). 

Early resynchronization can shorten the 
breeding season, providing more days of weight gain to 
calves that are born earlier, especially when compared 

to resynchronization after the conventional pregnancy 
diagnosis (after 30 days of pregnancy). However, future 
studies are needed to define the best hormones and 
doses for synchronization of follicle wave emergence 5-
7 days after ET, in the mid-cycle phase. First attempts 
indicated that estradiol esters might have a negative 
effect on CL maintenance, since in Holstein cows 
treatment with 1.5 mg of estradiol benzoate 13 days 
after FTAI induced luteolysis (Vieira e al., 2014). 
Therefore, treatments with high doses of injectable P4 
may efficiently suppress gonadotropins and induce new 
follicle wave, and hence have been preferred (Cavallieri 
e al., 2018). Nevertheless, recent data from our group 
have indicated that lower doses (1 mg) of estradiol 
benzoate or an injectable formulation of estradiol and 
P4 on day 14 after FTAI did not impair CL function or 
pregnancy maintenance in Nelore heifers (Motta e al., 
2018; unpublished data). The choice of the 
resynchronization model depends on the production 
system adopted in each farm, and availability of the 
veterinarian’s staff for pregnancy diagnosis exams.  

 

 
Figure 2. Schematic illustration of three different strategies of resynchronization in fixed time embryo transfer 
(FTET) programs in cattle. Super-early resynchronization may starts between 5-7 days post-FTET and a pregnancy 
diagnosis by Doppler ultrasonography is needed between 20-22 days of pregnancy. Early resynchronization usually 
starts 15 days post-FTET and conventional pregnancy diagnosis is performed on day 30 of pregnancy. Conventional 
resynchronization is performed after pregnancy diagnosis on day 30 of pregnancy. Service rate was calculated as the 
proportion of a 21-day period of normal estrous cycle in the period between two consecutives FTET procedures of 
each strategy.  
 
Selection of recipients in FTET programs  
 

In ET programs following estrus detection or 
fixed-time, one of the most important factors to 
determine the use of a recipient is the presence of a 
good quality CL. This quality is traditionally evaluated 
through the selection of recipients by transrectal 
palpation or by gray-scale ultrasonography to determine 
CL size. However, these strategies may result in ET to a 
non-receptive uterus due to the presence of a low or 
non-functional CL, since luteal functionality (P4 
secretion) cannot be accessed by these evaluations. 
Thus, Pinaffi e al. (2015) evaluated recipients using 
Doppler ultrasonography on the day of ET and 
retrospectively classified these females as having Low 
(<40% of colored signals indicating CL vascularity) or 
High (>40%) luteal vascularization. Despite the small 
number of animals used in this study, it was verified 
that none (0 out of 12) of the recipients with low 

vascularization in CL were later diagnosed as pregnant; 
however, the pregnancy rate was 48.4% (n = 15/31) in 
recipients with high luteal vascularization. In this study, 
even with the difference in the proportion of 
vascularization between groups, the mean CL diameter 
was similar in cows with low (17.5 mm) or high (17 
mm) CL vascularization.  

Recently, we studied (Pugliesi e al. 2016b) the 
impact of size and luteal blood perfusion assessed by 
Color Doppler ultrasonography at the time of ET on 
pregnancy rates in crossbred recipients (n = 329) with 
estrous cycle synchronized to allow FTET. The 
recipients were retrospectively divided into two 
subgroups according to CL size (small [<3cm2] or large 
[>3cm2]) and three subgroups according to luteal blood 
perfusion (low [<40%], medium [45 50%] or high 
[>55%]; Fig. 3). Cows where CL was present but was 
not active (<25% of blood perfusion; Fig. 1) were not 
used (9.5%). Only luteal blood perfusion affected
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pregnancy rate. This reflected a progressive increase in 
the pregnancy rate associated with increased luteal 
vascularization (low, 45.1%, [37/82]; medium, 55.9% 
[57/102]; and high, 62.3% [38/61]). In a subsequent 
experiment (unpublished data), recipients were 
evaluated on the day of FTET and the CL classified 
according to luteal vascularization proposed above and 
a classification of scores (0 to 4; 0 = no perfusion and 4 
= high perfusion). Agreeing with previous results, we 
observed a 41% increase in pregnancy rate in recipients 
with high luteal vascularization compared to the ones 
with low vascularization. Similar difference were also 
observed using the central CL vascularization scores 
system, in which the pregnancy rate was 29% greater in 
cows with score 3 (62%, 44/71) compared to scores 1 
and 2 (48.2%, 53/110). Although serum P4 

concentrations have only differed between low and high 
categories, it is believed that the greater pregnancy rate 
in recipients with high luteal vascularity is related to the 
greater secretion of P4 by luteal tissue.  

Thereby, it can be observed from these studies 
that Doppler ultrasonography can be used to discard 
recipients with a non-functional CL and select recipients 
that would have a better receptivity. This would be an 
alternative to increase the chances of pregnancy 
establishment in higher rank embryos. Also, Doppler 
imaging could promote a gain in reproductive efficiency 
in FTET programs since there would be less embryo 
loss, as embryos would not be transferred to females 
with non-functional CL, and in cases of extra recipients 
numbers, females with medium to high luteal 
vascularization would be prioritized.  

 

 
Figure 3. Ultrasound images of bovine ovary showing corpus luteum (CL) and follicles. Panels A, C and E: B-mode 
images (brightness, gray-scale); Panels B, D and F: Color-Doppler images (detection limit: 0.04m/sec) indicating, 
respectively, low, medium and high CL blood perfusion. 
 

Final considerations 
 

Color-Doppler ultrasonography is a recent and 
very effective tool to evaluate luteal function in 
recipient females submitted to ET programs. Doppler 
imaging can be used to identify non-pregnant recipients 
earlier by detecting luteolysis or to select the recipient 
with better receptivity at the moment of ET. The 
accuracy of pregnancy diagnosis is high when 
performed among days 20 and 22, despite the different 
criteria and characteristics considered by the different 
research groups. Thus, Color-Doppler ultrasonography 
is a non-invasive and real-time method to estimate luteal 
activity, and may be used as an innovative strategy for 
early diagnosis of pregnancy after FTET. In addition, 
evaluation of CL blood perfusion using Doppler 
ultrasonography allows the selection of highly receptive 
recipients and could improve fertility in FTET 
programs. However, it is necessary to standardize the 
criteria for evaluation of luteal function in order to have 
a practical and replicable evaluation by field 
practitioners. Doppler ultrasonography adoption by 
veterinarians in cattle reproductive programs will also 
depend on more studies to improve the hormonal 
protocols for resynchronization. These features would 
allow a better diffusion and understanding of the real 

potential of this biotechnology in ET programs. In 
addition, the equipment setup and its cost must always 
be considered to provide accuracy and economic 
feasibility for this technique.  
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Abstract 
 

A number of reproductive biotechnologies are 
currently available to multiply offspring from high 
genetic merit animals to enhance reproductive 
efficiency and profitability both in dairy and beef herds. 
Some of these technologies such as fixed time artificial 
insemination (FTAI), when correctly implemented, 
generally allow greater reproductive performance than 
natural breeding. Besides the use of frozen-thawed 
semen during artificial insemination, cattle recipients 
can also be synchronized to receive embryos (produced 
in vivo or in vitro) at set dates with fertility results that 
usually outperforms natural breeding as well as artificial 
insemination (AI), particularly during warm seasons and 
in repeat breeders cows. Altogether, the use of hormonal 
programs to synchronize ovulation time simplify field 
routine, can easily fix physiological limitations related 
to postpartum anestrus (beef cows), poor estrus 
detection efficiency due to less evident estrus signs 
(dairy cows), making AI and ET viable to commercial 
herds both in terms of results and economical returns. 

 
Keywords: biotechnology, cows, economic, reproduction. 
 

Introduction 
 

Modern beef and dairy production systems are 
dependent upon strategies to hasten and maximize the 
use of reproductive biotechnologies in order to match 
the increasing food demand worldwide. Besides proven 
efficacy, these technologies must comply with easy and 
direct field application to improve productivity, and yet 
yield positive economic returns to cattle producers.  

In beef cattle, profitability is generally 
measured by the number of calves produced within a 
year (shortened calving intervals, earlier births during 
calving season, increased calf uniformity, more 
concentrated calving season and heavier calves at 
weaning time), which are destined to meat production or 
herd replacement (Baruselli et al., 2017a). In dairy 
production systems, reproductive performance greatly 
affects profitability because of its direct impact mainly on 
the average milk production per cow per day, number of 
replacements produced, and rates of voluntary and 
involuntary culling (Britt, 1985). For example, the 
University of Wisconsin launched back in 2010 an 

extension effort to improve reproductive efficiency in 
herds in the Midwest-USA (The ReproMoney 
program) and released some tools (available at 
http://www.dairymgt.info/ tools.php) to help producers 
to evaluate the impact of poor reproductive efficiency in 
their herds. This prediction model estimates that each 
point in pregnancy rate (% cows pregnant out of cows 
available to AI within 21d periods) for a dairy herd 
costs roughly $15 to $30 US per cow per year. 
Estimating a ballpark number for the economic impact 
of improving reproduction in beef and dairy operations 
is crucial to producers, allowing them to calculate the 
level of investment required to achieve better 
reproductive performance and compare it to expected 
returns. Hence, it appears obvious for modern herds that 
the more aggressive use of reproductive technologies 
are essential to maximize herd efficiency and a 
financially sound cattle-enterprise. 

Not surprisingly, herds in several countries 
including Brazil have adopted fixed time artificial 
insemination (FTAI) to leverage their profits. 
Breeding records compiled in 2016 clearly shows that 
Brazilian beef and dairy herds still heavily utilize 
natural service as their main breeding system 
(approximately 88 to 90% of the cows are bred by 
bulls; Baruselli, 2016). Interestingly, the use of 
artificial insemination and embryo transfer have shown 
significant growth in the last 15 years. According to 
the Brazilian Association of Artificial Insemination 
(ASBIA; http://www.asbia.org.br), the number of 
commercialized doses of semen increased from 7 
million in 2003 to roughly 14 million in 2017. As a 
result, the percentage of cows and heifers that undergo 
artificial insemination has risen from 6% to achieve the 
12% milestone in later years. This growth was mainly 
possible due to the widespread use of FTAI, which grew 
from only 1% of all AI done in the country in 2002 to 
astonishing 85% of AI in 2017 (Fig. 1). Thus, to put it 
in hard count numbers, a total of 11.5 million FTAI 
procedures are currently performed in Brazilian herds 
each year – trends across the years for the use of FTAI 
in Brazilian herds are shown in Fig. 1. 

As expected, the increase in FTAI use and the 
expansion of embryo utilization by commercial herds 
are backed by solid literature. For example, it has been 
found that when FTAI is used early in the breeding 
season, it can clearly increase reproductive performance
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compared to natural service (Baruselli et al., 2018). 
Similarly, the fixed-time embryo transfer (FTET) 
improves the proportion of recipients selected for 
embryo transfer in beef and dairy herds, and also 
produces greater pregnancy rates following transfer 
comparing to natural estrus detection (Baruselli et al., 
2010; Rodrigues et al., 2010). Nowadays, embryo 
transfer can be used to disseminate superior genetics, but 
most importantly, herds in warm regions utilize FTET to 
lessen poor conception results following natural service 
and/or AI generally found during heat stress seasons and 
in repeat breeder cows (Baruselli et al., 2011). 

Simple synchronization protocols, a good 
network of embryo labs & trained veterinarians, and the 
possibility to increase conception results even under 
severe heat stress has created a good environment for 
ET use in Brazil. As a result, the Brazilian embryo 
industry also showed a significant growth in the past 15 
years, most of it associated to the adoption of in vitro 
technologies. Accordingly, in a little over a decade, the 

embryo market in Brazil has experienced over 5-fold 
increase in embryo production. Besides to this increase 
in numbers of produced embryos, the in vitro 
fertilization/culture has almost fully replaced the 
traditional in vivo superovulation & uterine flushing 
(MOET) as the technique of choice for embryo 
production in Brazil (Viana et al., 2017). Thus, the in 
vitro embryo production underwent a steep increase in 
recent years, while numbers of in vivo embryo 
production plunged to a small share of embryo donors. 
However, these trends are not necessarily followed by 
other countries, since the IETS records showed that in 
2016 production of in vitro embryos (IVP) were 
approximately 632,000 as compared to 665,000 in vivo 
derived (IVD) bovine embryos been produced world-
wide (Perry, 2017). In this review we present a brief 
report of the current state of the genetic market in 
Brazil, as well as discuss some aspects of the economic 
impact that the use of reproductive technologies can 
have in commercial beef and dairy herds. 

 

 
Figure 1. Use of artificial insemination (AI) and fixed-time AI (FTAI) from 2002 to 2017 in Brazilian cattle herds. 
The total number of AI procedures considered AI after estrus detection, while the numbers of FTAI are estimated 
based on the number of protocols sold at yearly basis (information provided by Animal Health companies) and the 
total AI records are based on the semen straw sales in the country (ASBIA, 2018; http://www.asbia.org.br). Records 
were gathered and prepared by P.S. Baruselli, Department of Animal Reproduction, FMVZ-USP, São Paulo, SP, 
Brazil, 2017.  
 

Use of FTAI in beef herds 
 

In Brazil, the FTAI market represents 
approximately R$567 million (~U$175 million), with an 
estimate of 3,500 veterinarians directly involved with 
this activity. Timed AI is currently performed in 
approximately 8.2 million beef cows, therefore 
generating an increase of 8% on calf production, which 
represents approximately 656 thousand more calves per 
year or an additional income of R$820 million/year 
(~U$253 million) compared with natural service 
breeding. Timed AI also hastens parturition and adds 
genetic gain to commercial herds, generating an average 
gain of 20 kg on the weaning weight of calves, which 

represents 3.3 million weaned calves with extra 20 kg 
or, extra R$400 million (~U$123 million). Also, from 
weaning to slaughtering, TAI calves gain an additional 
15 kg of carcass, generating extra R$482.2 million 
(~U$149 million). Thus, FTAI aggregates to the bovine 
beef chain around R$1.7 billion (more than half billion 
US $) per year (Baruselli, 2016). 

Studies were carried out by our group to 
evaluate the productive efficiency and the economic 
return of calf production systems frequently used in 
Brazil; the main objective was to compare natural 
service (88 to 90% of reproductive systems) with the 
FTAI followed by standard natural service with 
clean-up bulls (Baruselli et al., 2017b). In this study,
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the production system efficiency was compared under 
similar conditions of management and market constraints. 
Some of the aspects used in this simulation included 
Nelore bulls used for natural service in the proportion of 
1 bull for 25 Nelore cows; and FTAI was set to be 
performed at the beginning of the breeding season using 
Angus semen followed by natural service with Nelore 
bulls (1 bull for 25 cows). Our results indicated that 
breeding system that uses only natural service produced 
only 44% of calves at the beginning of the breeding 
season (the first 45 days of a 90-day breeding season), 
compared to 75% of the system with FTAI followed by 
bulls (56% for FTAI and 19% for the first natural 
service). Also, the cows submitted only to natural 
service produced 8% less calves at the end of the 
breeding season than the cows that received FTAI 
followed by natural service. Moreover, FTAI 
anticipated calving in about 22 d compared to natural 
breeding FTAI. The data on calf weight at weaning and 
marketing value are presented in Table 1 and Table 2. 
There was a significant increase in the sale price of 
calves produced by 100 cows from R$ 84,929.40 to R$ 
106,005.40 (additional income of 25%), already 
discounted the operational costs with the FTAI system. 

The impact of FTAI is also cumulative 
throughout the years. It was observed that in suckled 
beef Bos taurus and Bos taurus crossbred cows exposed 
to FTAI weaned a calf during the subsequent breeding 
season (84%) compared to cows exposed to natural 
service (78%). In addition, survival analysis 
demonstrated that the mean days to calving from 
initiation of the calving season is shorter for TAI (26.8 
± 0.8 days) than natural service (31.3 ± 0.8 days). In 
addition, weaning weights for calves originated from 
FTAI (213.1 ± 3.7 kg) was greater than calves from 
natural service (200.8 ± 3.6 kg). Therefore, the use of 
FTAI resulted in US$ 49.14 advantage over natural 
breeding, as reported elsewhere (Rodgers, et al., 2012). 
Another study was carried out to evaluate the economic 
payback of FTAI followed by resynchronization with a 
second FTAI (resynchronization) compared to the FTAI 
followed by the natural service (Baruselli et al., 2017b). 
The results showed that the cost of pregnancy including 
the resynchronization strategy (adding a second FTAI) 
is lower when compared to FTAI followed by the 
natural service for clean-up breeding during the 
breeding season (R$ 121.59 vs. R$ 167.97). Thus, the 
use of resynchronization is also financially positive in 
beef herds. 

Based on the previous assumption that resynch 
could be an interesting option for beef herds and to 
model a more aggressive FTAI approach, a further 
study from our research group aimed to evaluate the 
reproductive efficiency and the pregnancy cost for 
Nelore cows submitted to three consecutive FTAI 
programs. A total of 1,505 multiparous cows received 

the same FTAI protocol once (1TAI group), twice 
(2TAI group) or three times (3TAI group) with a 32 
days of interval between inseminations. In the 1TAI and 
2TAI groups, the artificial insemination was followed 
by natural service until the end of the breeding period. 
The conception rate at the first FTAI reached 64.0% 
(288/450) for the 1TAI, 66.0% (198/300) for the 2TAI 
and 65.4% (494/755) for the 3TAI groups (P > 0.05). As 
a result, the final percentage of cows pregnant during 
the breeding season was lower (P < 0.05) for 1TAI 
(77.1%; 347/450) than for 2TAI (86.3%; 259/300) and 
3TAI (87.4%; 660/755) groups. Overall, the cost per 
pregnancy ended up being lower for both the 2TAI (R$ 
84.53) and 3TAI (R$ 85.20) groups than for the 1TAI 
group (R$ 95.18). Moreover, the use of three 
consecutive FTAI with 32 interval between 
inseminations results in satisfactory efficiency in terms 
of reproductive performance, without the use of clean-
up bulls. Such breeding programs enable producers to 
conduct a 64-day breeding season with most offspring 
genetics coming from superior AI sires (Crepaldi et al., 
2014).  

Another recent study evaluated the economic 
return of cow-calf operation systems (Sá Filho, 2018; 
Alta Genetics, Uberaba, MG, Brazil; personal 
communication). In this evaluation, Sá Filho took into 
account both direct and indirect costs. The monthly cost 
of the mature cow (R$/head/month) was resulting from 
the general cost of producing a calf divided by the 
number of calves weaned and finally divided by a 
production cycle of 12 months. This value was 
multiplied by the intercalving interval of a given herd 
considering only the productive females. Then, the final 
average cost per calf in the methodology considered the 
inclusion of monthly costs, including most relevant 
input and output variables such as deaths and sales of 
discarded animals or surplus production. Thus, this 
study evaluated the economic return for cow-calf 
operation systems under 4 reproductive management 
scenarios: 1) natural service (1 bull for 30 cows); 2) 1 
FTAI (52% conception rate) followed by natural service 
(1 bull for 35 cows); 3) 2 FTAI (52 and 47% conception 
rate, respectively) followed by natural service (1 bull for 
60 cows); 4) 3 FTAI (52, 45 and 40% conception rate, 
respectively). 

As shown in Fig. 2, the highest economic 
return per calf produced was achieved with 3 FTAI 
reproductive program. In contrast, the smallest 
economic return was verified with the natural service. 
These findings clear indicate that implementing a FTAI 
program followed by resynchronization is doable and 
could represent an interesting alternative to produce a 
greater proportion of calves with a superior genetic 
value (calves bred through artificial insemination), 
which certainly will yield more revenue for cow-calf 
beef operations. 
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Table 1. Calf production (kg) and commercialization (adapted to 100 cows) generated by natural service (1 Nelore 
bull for 25 Nelore cows) in a 90-day breeding season.  
 Natural Service (100 cows) Male Female 
Number of calves at the beginning of BS 22 22 
Weaning weight (kg) 239 220 
Value kg (R$) 4.93 4.60 
Calf value (R$) 1,178.27 1,012.00 
Sell calves (R$) 25,921.94 22,264.00 
   
Number of calves at the end of BS 18 17 
Weaning weight (kg) 229 210 
Value kg (R$) 4.93 4.60 
Calf value (R$) 1,128.97 966.00 
Sell calves (R$) 20,321.46 16,422.00 
   
Total number of calves (beginning + final of BS) 40 39 
Sell calves (R$) 46,243.40 38,686.00 
Total sales (100 cows) R$ 84,929.40 

From Agropecuária Estrela do Céu, Lavínia, SP. 2014. 
 
 
 
Table 2. Calf production (kg) and commercialization (adapted to 100 cows) generated by FTAI (Angus semen) 
followed by natural service (NS) with Nellore bulls (1 bull for 25 cows) in a 90-day breeding season.  
 TAI followed by Natural Service (100 COWS) Male Female 
Number of calves at the beginning of BS (FTAI) 28 28 
Weaning weight (kg) 269 246 
Value kg (R$) 5.54 5.20 
Calf value (R$) 1,490.26 1,279.20 
Sell calves (R$) 41,727.28 35,817.60 
   
Number of calves at the beginning of BS (NS) 10 9 
Weaning weight (kg) 239 220 
Value kg (R$) 4.93 4.60 
Calf value (R$) 1,178.27 1,012.00 
Sell calves (R$) 11,782.70 9,108.00 
   
Number of calves at the end of BS (NS) 6 6 
Weaning weight (kg) 229 210 
Value kg (R$) 4.93 4.60 
Calf value (R$) 1,128.97 966.00 
Sell calves (R$) 6,773.82 5,796.00 
   
Total number of calves (beginning + final of BS) 44 43 
Sell calves (R$) 60,283.80 50,721.60 
Total sales (100 cows) R$ 111,005.40 
Cost of TAI for 100 cows (protocol, semen and services, R$ 50,00 per cow) R$ 5,000.00 
Net revenue (sale of calves - cost of FTAI) R$ 106,005.40 

From Agropecuária Estrela do Céu, Lavínia, SP. 2014. 
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Figure 2. Analysis of the cost per calf weaned (A; R$/calf), revenues per calf (B; R$/calf) and gross profit per calf 
(C; R$/calf) according to the reproductive management (Natural service, 1-FTAI followed by natural service, 2-
FTAI followed by natural service and 3-FTAI). From Sá Filho, 2018; Alta Genetics, Uberaba, MG, Brazil; personal 
communication. 
 
 

Use of FTAI in dairy herds 
 
As extensively described in the literature, 

reproductive performance has a tremendous impact on 
dairy profitability. Thus, producers and consultants 
obviously tend to drive their decision-making process 

based on economics aspects. Although it is fairly well 
accepted that better reproductive performance is 
associated with better margins and profits, it is rather 
difficult to clearly pinpoint the actual value of better 
fertility in dairy herds. More importantly, producers are 
somewhat resistant to invest in better reproductive
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management because the return of investment are not 
readily seen, and it generally takes about 1 to 2 full 
years so producers can actually notice a real impact on 
their milk check and culling strategies. To make it more 
complex, herds not utilizing data record keeping 
systems can hardly conclude whether improving 
reproduction actually improves their profits, and those 
herds tend to be even more skeptical towards investing 
in reproductive technologies. Unfortunately, most dairy 
herds in Brazil have poor record-keeping systems, 
which makes evidence-based decisions pretty 
challenging to dairy consultants.  

Despite of that, it is clear that high milk 
production is associated to high rates of steroid 
metabolism and liver hormonal clearance, decreasing 
estrus detection efficiency (Lopez et al., 2004). In fact, 
Lopez et al. (2004) described in an elegant study that 
higher producing cows have much shorter receptivity 
periods during estrus events, which in many cases will 
last less than 2 h – making visual estrus detection barely 
impossible. In addition to that, about 30% of lactating 
cows are not cycling by 60 days in milk due to negative 
energy balance and other physiological constraints in 
the postpartum period. Dairy herds in Brazil generally 
have a greater proportion of Bos indicus breed (Gir x 
Holstein crossbreeding), and postpartum anestrus is 
even more common and normally affecting 50% of 
more cows by the end of the voluntary waiting period. 
Altogether, nowadays the use of FTAI is almost 
mandatory in modern dairy herds.  

Based on these facts, in a study performed in 
2012 by our research group (Souza et al., 2013) in 
association with the University of Wisconsin (Dr. 
Wiltbank’s and Dr. Randy Shaver’s labs), we tried to 
evaluate the impact of FTAI on reproductive efficiency 

in 200 commercial Holstein herds in Wisconsin. We 
observed that herds with greater milk production 
utilized FTAI more aggressively during their 
reproductive routine compared to lower producing herds, 
presumably due to lower estrus detection efficiency 
otherwise. More importantly, herds that used FTAI in a 
greater proportion of their breedings were more likely to 
have acceptable reproductive performance (pregnancy 
rate results above 20%). In addition, greater reproductive 
performance was not associated with total culling rate, 
but were not forced to cull cows later in lactation due to 
non-pregnancy status – as shown in Fig. 3. Confirming 
our initial hypothesis that the use of FTAI can overcome 
some of the physiological limitations for fertility caused 
by greater milk production and housing type in modern 
dairy herds. 

As shown in Fig. 3, FTAI will improve 
pregnancy results in dairy herds, and ultimately will 
provide a more even chance to higher producing cows 
to become pregnant during lactation, which would not 
be the case when visual estrus detection is used. 
Actually, in the study by Souza et al. (2013), herds in 
the 1st Quartile, those using less FTAI in their repro 
routine, had pregnancy rates averaging of 15.8% as 
compared to herds in the 4th quartile, those using more 
FTAI, which had pregnancy rates of 19.9%. Thus, the 
more aggressive use of timed AI represented an increase 
of roughly 4% points in pregnancy rates or 4 more 
pregnancies per 100 cows at each reproductive cycle of 
21 days. Utilizing the model created by the extension 
team at the University of Wisconsin, a 4% point 
increase in pregnancy rate results represents 
approximately an extra income for commercial herds of 
US$80 dollars per cow per year (or R$ 280 Brazilian 
currency).  
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Figure 3. Proportion of dairy herds (n = 200) with acceptable reproductive performance (Pregnancy rate greater than 
20%) according to proportion of breedings performed following a FTAI protocol (on the left). Quartiles indicate 
proportion of FTAI used during the breeding routine. Proportion of herds with culling rates greater than 30% (white 
bars) and proportion of involuntary cullings (black bars) according to pregnancy rate class. 
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For Brazilian herds, FTAI adds about R$900 
million (~U$278 million) a year mainly by its direct 
impact on lowering calving intervals and enhancing 
genetic gain. Most scientific literature shows a reduction 
in about 20 to 30 days in calving interval, increasing 
annual milk output in about 10%, accounting for extra 
690 million liters of milk out of Brazilian herds or 
R$759 million (~U$234 million) extra income in 
Brazilian herd/year. Furthermore, the use of AI sires 
with superior genetics adds around 300 extra liters of 
milk per lactation in the future lactating offspring, 
resulting in an extra income of R$113.9 million (~U$35 
million; Baruselli, 2016). 

 
Use of MOET and IVP in dairy herds 
 
Besides FTAI, embryo transfer (ET) can also 

be strategically utilized to drive higher rates of genetic 
gain. Even earlier research has described the potential of 
ET towards greater genetic gain. For example, Nicholas 
and Smith (1983) reported that an ET program with 
1,024 transfers per year in 512 females can boost the 
rate of genetic improvement some 30% above of that 
attained with conventional AI using sires selected 
through the official progeny-testing programme.  

Besides to faster genetic progress, ET also has 
the potential to increase fertility in dairy cows 
experiencing heat stress (Putney et al., 1989; Ambrose 
et al., 1999; Baruselli et al., 2010; Rodrigues et al., 
2004, 2007, 2011) and those diagnosed as repeat-
breeders (Dochi et al., 2008; Rodrigues et al., 2011), 
because it bypasses problems associated with 
fertilization failure and disruption of the oocyte quality 
in dairy cows (Ferreira et al., 2011, 2016). For 
example, Baruselli et al. 2011, utilizing data from a 
large commercial herd in Brazil, showed that 
conception results can be increased in about ~8% 
(cooler months) to 20% (warmer months) percentage 
points with the use of ET when compared to AI (Fig. 
4). Assuming no change in estrus detection rates at 
60%, that represents at least some 7% increase in 
pregnancy rate results, or according to the Wisconsin 
model from the ReproMoney program, an extra 
$US140 dollars per cow per year, and yet not 
accounting for offspring with better genetics. The 
scenario for repeat-breeder cows in a comparison 
between AI and ET is even more dramatic, where 
conception results found by Baruselli et al. 2011 
increased in about 15 to 20% points, or using the same 
rationale, an extra 11% points in pregnancy results or 
$US220 dollars per cow per year. 

A simple simulation model represented in Fig. 
4 can illustrate the likely advantage for ET in terms of 
reproductive efficiency in relation to AI. Thus, data 
shown in Fig. 4 compares the reproductive efficiency of 
an AI or ET program in repeat breeders and heat 
stressed dairy cows utilizing records from earlier 
scientific publication from our research group that 
utilized dairy cows in commercial herds. Conception 
rate results after AI and ET in those studies were 
approximately 17 and 40%, respectively (Rodrigues et 
al., 2004, 2007). Then, pregnancy rate following 105 
days of breeding period was 34.6% for the AI program 
and 53.1% for cows under the ET program (53.6% 
increase in pregnancy rate results). Therefore, we 
observed that cows subjected to AI had actually greater 
mean days to conception (59.3 days) than cows exposed 
exclusively to ET (52.5 days) after the beginning of the 
reproductive program (7 days saved in terms of days 
open). Interestingly, Ribeiro et al., 2012 compared costs 
per pregnancy for several breeding programs in US 
herds including FTAI and ET. Not surprisingly, data 
from Ribeiro et al. (2012) shows that the possibility to 
produce embryos at reasonably lower costs will have a 
great impact on the viability to utilize ET in the 
breeding routine. Thus, choosing the right tool to 
manage reproduction and leverage fertility with the use 
of ET is a herd specific decision, that can be certainly 
implemented considering management and local 
opportunities that only an experienced veterinarian will 
be able to interpret with more accuracy. 

In later years, the IVP (in vitro embryo 
production) technology became available at commercial 
level to producers and is rapidly replacing the standard 
superovulation and flushing platform (MOET) to 
produce embryos. The advantage of this later 
technology is the possibility to produce female-sexed 
embryos without losses related to failure in fertilization 
and poorer quality commonly reported while utilizing 
sexed semen in superovulated cows (Soares et al., 
2011). Hence, IVP is gaining ground compared to 
standard in vivo embryo production mainly because of 
its greater efficiency in terms of embryo production 
numbers that can be retrieved out of the same donor 
cow. Overall, the in vivo technology (MOET) produces 
5 embryos per procedure per donor at every 45 days. In 
contrast, the in vitro (IVP) can produce 3 embryos per 
procedure per donor at every 15 days. After one year of 
embryo production, MOET produces 40 embryos while 
PIVE produces 72 embryos. 
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Figure 4. Survival curve assuming 60% service rate, 17% conception rate and 10% pregnancy rate every 21 days in 
repeat breeders and heat stressed dairy cows during 105 days IA program (pregnancy loss of 19% between 30 and 
60 days gestation). For ET program, it was assumed 50% service rate (ET only in recipients with CL), 40% 
conception rate and 15,3% pregnancy rate every 21 days in repeat breeders and heat stressed dairy cows during 105 
days ET program (pregnancy loss of 21% between 30 and 60 days gestation). 
 
 

Conclusion 
 
Currently, commercial herds have plenty of 

breeding technologies such as FTAI that can be 
systematically included in the breeding routine to 
improve reproductive efficiency compared to natural 
service. The use of resynchronization after first 
postpartum FTAI, although commonly used in dairy 
herds, has recently been also proven financially 
advantageous in beef herds compared to the traditional 
FTAI followed by natural service by clean-up bulls. 
These technologies can help change the current scenario 
of cow-calf production operations in Brazil, which still 
uses mostly natural service in their breeding programs. 
Dairy herds also utilize FTAI to overcome low estrus 
detection efficiency, with clear economic returns since 
each point in pregnancy rate is estimated to be worth 
about 15 to 30 US dollars per cow per year. 
Furthermore, embryo transfer (ET) is an important 
reproductive technology that can disseminate superior 
genetics, and potentially improve herd performance. 
This is a reality particularly to dairy herds, in which ET 
also has the potential to increase fertility in cows 
experiencing heat stress and/or in late breeder cows. 
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Abstract 
 

Over the years, the dairy cow has been selected 
and managed for high performance and efficiency in 
milk production. Thus, different factors influence the 
fertility of dairy cows of high productivity. It has been 
observed that genetic selection for large productions and 
metabolic adaptations may explain the greater 
requirement to maintain reproduction at satisfactory 
levels. Also, these animals are more susceptible to 
environmental factors such as increased temperature and 
humidity. Studies have shown that heat stress results in 
reduced estrous expression and impairs ovarian 
function, interfering with folliculogenesis and 
steroidogenesis. Likewise, under heat stress conditions, 
dry matter intake is reduced, prolonging the after 
calving negative energy balance and calving-conception 
interval. Thus, suboptimal reproductive performance is 
one of the main factors responsible for the economic 
losses in large dairy farms. In this context, numerous 
management practices have been introduced to improve 
reproduction in high productivity animals, making 
reproductive management increasingly complex in dairy 
farms. Among them, we can mention the 
implementation of management and nutrition conditions 
adapted to the periods of heat stress, as well as protocols 
and biotechniques that improve the quality of the 
follicles and oocytes. Thus, because genetic selection 
for better fertility animals is a characteristic of low 
heritability, the success of reproductive programs in 
highly productive herds depends on the association of 
the control of genetic and physiological factors with 
those of environmental, nutritional and management. 
This paper aims to discuss reproductive aspects of dairy 
cows of high productivity, the role of heat stress in this 
context, and the implementation of management, 
nutrition and biotechnology conditions, to minimize the 
adverse effects on the reproduction of these animals. 
 
Keywords: dairy cow, heat stress, high productivity, 
management, reproduction. 
 

Introduction 
 

The dairy industry in the world's major 
producing countries has changed drastically in the last 
decade. World milk production reached 811 million 
tonnes in 2017, 1.4 percent higher than in 2016 (Food 
and Agriculture Organization of the United Nations – 
FAO, 2018). The US leads the ranking with 93.5 

thousand tons/year and the highest average productivity 
index per cow, 10,150 liters. Brazil, occupying the 
fourth place, from 1961 to 2015, presented an increase 
of 30 million tons in milk production in 54 years and an 
average annual gain of 555 thousand tons (FAO, 2016; 
Instituto Brasileiro de Geografia e Estatística – IBGE, 
2016). In this scenario, there is a perspective of at least 
47.5 million tons of milk by Brazilian industry in 2025 
to serve the population of 219 million people 
(Ministério da Agricultura, Pecuária e Abastecimento – 
MAPA, 2015; Vilela, 2015). 

Milk production per cow has steadily increased 
through the combined improvement of management, 
nutrition, and genetic selection actions. However, farms 
are becoming larger and with more productive cows, 
increasing the challenge of maintaining reproductive 
efficiency in increasingly adverse situations due to 
metabolic adaptations for this purpose (Crowe et al., 
2018). Thus, it is justified to maintain the most 
demanding reproduction at satisfactory levels, 
considering that high producing cows have a higher 
incidence of infertility or subfertility (Walsh et al., 
2011). However, in addition to milk production, other 
factors are likely to decrease reproductive efficiency in 
these herds. 

The selection of cows to improve the genetic 
potential for high productivity also reduces the heat 
tolerance of dairy cows (Ravagnolo and Misztal, 
2000). In this context, it has already been 
demonstrated that heat stress interferes with the 
expression of the signs of estrus and follicular 
diameter (Schüller et al., 2017), which may reduce 
conception rates, and high embryonic loss (Roche et 
al., 2011). Another effect of heat stress is the change 
in the patterns of ovarian follicular development and 
the gene expression in the oocyte (Ferreira et al., 
2016). Likewise, it has also been described the 
reduction in dry matter intake (Dias et al., 2018), which 
in turn can prolong after calving negative energy 
balance and calving-conception interval.  
Finally, many researches have been carried out in the 
areas of genetics, physiology, nutrition, management, 
and applications of reproductive biotechnology in the 
last decade, to minimize the impact of high productivity 
on the reproductive rates of dairy cows. Thus, the 
success of reproductive programs in highly productive 
herds, due to the genetic selection for the best fertility 
animals, is a characteristic of low heritability, and it 
depends of the association of the practices and actions 
in all the areas mentioned above. 
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Transition period and effects on reproduction 
 

In the transition period - three weeks prepartum 
up to three weeks after calving - there are major 
adaptive changes (physiological, metabolic and 
nutritional) characterizing the final period of gestation 
and the beginning of lactation. The way these changes 
occur and how they are managed are of great 
importance because they are closely linked to the 
performance of lactation, the occurrence of after calving 
diseases (clinical and subclinical) and reproductive 
efficiency, significantly affecting the profitability of the 
herds (Roche et al., 2018). 

The transition period, although short, is the 
phase during the productive cycle of lactating cows 
when most metabolic and infectious diseases occur, 
such as mastitis and metritis in the weeks immediately 
after birth, with implications for reproduction (Roche et 
al., 2013). Researchers have reported that the immune 
system of cows under metabolic stress is further 
reduced, demonstrating a relationship between 
metabolic status and peripartum immune function 
(Crookenden et al., 2017). 

Deep physiological changes occur in the cow 
in transition period, with drastic modifications in their 
metabolism. The rapid increase in fetal demands and the 
development of the mammary gland, including the 
initiation of the synthesis of milk components, cause 
these changes (Bell, 1995), reducing dry matter intake 
and inducing the mobilization of body stores of 
adipocytes (McArt et al., 2013). 

Such lipid mobilization increases the plasma 
concentration of non-esterified fatty acids that increase 
gradually in the prepartum period. A portion of this 
increase is mandatory and it is hormonally controlled 
while another part of this process is a result of an 
energy deficit (Dyk and Emery, 1996). This 
mechanism results in high concentrations of fatty acids 
circulating in the blood during the initiation of 
lactation. In this context, the high concentrations of 
fatty acids can lead to metabolic diseases such as 
hepatic lipidosis, and ketosis - a clinical condition 
caused by the accumulation of ketone bodies 
(intermediates in the breakdown of fatty acids) and 
defined by blood concentrations of b-hydroxybutyrate 
(Gordon et al., 2013). 

The occurrence of negative energy balance, 
high concentrations of fatty acids, b-hydroxybutyrate 
and triacylglycerol in the liver, coincide with the 
resumption of ovarian activity, development of follicles 
that supply oocytes for fertilization and uterine 
involution and remodeling (Roche et al., 2018). Thus, 
together, these processes and metabolic states can affect 
pre and post-ovulatory reproductive function (Luttgenau 
et al., 2016). 

Effects of heat stress on reproduction 
 
Cattle have specific thermoneutral zones, 

which are the environmental temperatures in which 
body heat production is in equilibrium with body heat 
loss, and thus, there is no need for additional warming 
or cooling mechanisms or behaviors. When the local 
temperatures exceed the threshold of the thermoneutral 
zone, it is possible to identify the heat stress 
(Brugemann et al., 2012). 

Studies have shown that hot climatic conditions 
are associated with reductions in both feed intake and 
milk production in dairy cows (Garner et al., 2017). 
Besides, the genetic selection process to improve milk 
production reduces heat tolerance (Ravagnolo and 
Misztal, 2000). 

In the reproductive context, heat stress 
interferes with the expression of the signs of estrus and 
follicular diameter (Schüller et al., 2017), which may 
reduce conception rates and may cause embryonic loss 
(Roche et al., 2011). In addition, this condition changes 
the gene expression patterns in the oocyte, retards 
follicular selection, and promotes adverse effects on 
steroidogenesis and oocyte quality (Roth et al., 2001; 
Ferreira et al., 2016). 

Heat stress is one of the main factors reducing 
the fertility of inseminated dairy cows during the hot 
months of the year (Al-Katanani et al., 1999). There are 
clear seasonal differences in oestrus detection, 
conception rate, and maintenance of gestation between 
the summer and winter months (De Rensis et al., 2002). 
The uterine environment is also compromised by 
decreased blood flow and elevated temperature, and 
these changes impair embryonic development and 
increase the incidence of embryonic death (Rivera and 
Hansen 2001). 

Likewise, it has also been described that the 
reduction in dry matter intake (Dias et al., 2018), can 
prolong after calving negative energy balance and 
calving-conception interval. The reduction in dry matter 
intake and the prolongation of the negative energy 
balance promotes a decrease in plasma insulin, glucose, 
and IGF-I concentrations and increases the plasma 
concentration of growth hormone (GH) and non-
esterified fatty acids. These changes in metabolic 
hormones act negatively on the hypothalamic-pituitary 
axis and the ovaries, mediating the inhibitory effects of 
negative energy balance on after calving fertility (De 
Rensis and Scaramuzzi, 2003). 

In conclusion, heat stress has a wide range of 
effects on the reproductive axis. Some of these effects 
directly affect individual reproductive organs such as 
the hypothalamus, anterior pituitary, follicle, oocyte, 
and embryo, while other effects are indirect and 
probably mediated by changes in the metabolic axis in 
response to reduction of dry matter intake (Fig.1). 
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Figure1. A schematic description of the possible mechanisms for the effect of heat stress on reproduction in the 
lactating dairy cow. Adapted from: De Rensis and Scaramuzzi (2003). 
 
 

Strategies for increasing fertility in dairy cows 
 

Alternatives to minimize the effects of the transition 
period and heat stress 

 
Diseases in early lactation have a profound 

impact on the fertility of dairy cows. Thus, the 
maintenance of metabolic health minimizes the risks of 
after calving clinical and subclinical problems 
benefiting reproduction (Santos and Ribeiro, 2014). 
Therefore, actions such as reducing after calving 
negative energy balance to ensure that concentrations of 
fatty acid and b-hydroxybutyrate in the blood are 
controlled (Raboisson et al., 2014), will probably 
increase reproductive success. 

Among the practices that can be used to 
minimize the effects of heat stress in dairy cows are, for 
example, regarding temperature and humidity control, 
vitamin and mineral supplementation, as well as the 
transfer of embryos – instead of artificial insemination – 
in strategic (hot) days for such situation. 

About temperature and humidity control 
actions, there are basically two methods for cooling 
lactating cows. The first one is to modify the 
environment to prevent or avoid the degree of thermal 
stress that the cows are exposed and the second action is 
to improve the heat exchange between the cow and its 
environment (Amaral et al., 2009). In practice, this 
means to increase the rate of evaporative cooling by 
wetting cows or surrounding them through sprinklers or 
nebulizers and increasing the rate of convective heat 
transfer (increased air velocity over cows) through, for 
example, ventilators (Renaudeau et al., 2012). 

Shading of feed and water also offers dairy 
production advantages. Among the several methods 

already reported to reduce heat stress in cows, simple 
shade materials appear to be the most cost-effective 
methods (Kamal et al., 2018). Different materials are 
being used to provide shade during hot weather. 
However, in choosing the material shade to be used, it 
must be observed that it is weatherproof, strong, 
durable, poor heat conductor and that it prevents 
condensation of moisture inside (Kamal et al., 2016).  

The heat stress has also been associated with 
reduced total antioxidant activity in blood plasma 
(Sordillo and Aitken, 2009). There is some evidence 
that depression in embryonic survival after exposure to 
elevated temperatures involves increased production of 
free radicals. Thus, dietary supplements like vitamins, 
trace elements, and minerals are used to minimize the 
unfavorable effects of thermal stress. Khorsandi et al. 
(2016) reported that supplementation of transition cows 
under heat stress with ruminal bolus led to increased milk 
production, attenuating the adverse effects caused by 
these conditions. In this context, zinc supplementation, 
described by mitigating the heat shock protein response 
and enhancing immunity in animals, may, for example, 
be further explored to decrease the adverse effects of 
heat stress in dairy cows (Sheikh et al., 2017). 

In cattle, the efficiency of production of 
embryos using superovulation protocols is impaired in 
periods when there is the highest ambient temperature. 
Climatic variations at the beginning of the period of 
activation of ovarian follicular development up to the 
time of fertilization may interfere with the production of 
embryos. Thus, actions such as changing the time of 
embryo transfer protocols, based on previous and current 
climate patterns, seems to be an alternative to optimize 
the return on investment when using these reproductive 
technologies (Chinchilla-Vargas et al. al. 2018). 
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However, although the use of these systems 
and actions may significantly improve the fertility of 
lactating cows during the summer, it is desirable to 
consider a global view on the process, avoiding isolated 
practices. 
 
Use of reproductive biotechniques 

 
The herd of dairy cows has been selected and 

managed for high yield and efficiency (Roche et al., 
2018). Thus, the findings of physiological mechanisms 
made early in the last century provided insights for the 
development and enhancement of technologies and 
programs used today to control reproduction in dairy 
cattle. 

The reproductive efficiency of dairy herds is 
usually low. Part of this inefficiency is due to factors 
resulting from high milk production. However, most of 
this is due to the low service rate. Cows that become 
pregnant after 120 days of lactation contribute to the 
increase in the interval between calving of the herd, 
with the reduction of average daily production and 
consequently with less profit. With the advent of fixed-
time insemination (FTAI) protocols that synchronize 
follicular growth, regression of the corpus luteum and 
ovulation, a rate of 100% of inseminated animals can be 
achieved without the need for estrus observation 
(Colazo and Mapletoft, 2014). Increasing the service 
rate without relying on human failures to detect estrus, it 
becomes a great strategic tool to improve service rates 
and reproductive rates. 

There are fundamental points for the success of 
the reproductive programs in dairy herds of high 
productivity. For instance, the number of days after 
delivery to the first artificial insemination; the moment 
of pregnancy diagnosis; and the strategies for cows after 
being diagnosed as non-pregnant.. 

The first step is to determine how many days 
after calving (days in milk) the cows will receive the 
first AI and the second step is to monitor if the planning 
is running. Usually, the herds define a voluntary waiting 
period that varies between 45 and 55 days after calving 
to begin breeding cows. There are also other factors, 
such as the choice of the reproductive program, the 
proper management of the cows during the pre and after 
calving period and the use of specific farm management 
softwares. 

The use of ultrasonography is very important to 
reproductive efficiency. Using this method, the 
diagnosis of pregnancy is usually determined from day 
28 of pregnancy, and 30 days later it is usually 
performed to evaluate embryonic loss. Another useful 
strategy is to resynchronize cows after unsuccessful 
insemination (Crowe et al., 2018). 

Finally, over the past 40 years, bovine IVF has 
evolved from an experimental procedure for the 
treatment of infertile animals to a genomic accelerator 
for many breeds. In this scenario, genomic selection of 
young animals and embryos combined with sexing 
technologies and new freezing methods are driving a 
new era of in vitro fertilization in the global dairy 
industry. Thus, the progress in the use of this 

biotechnology has enabled the production of millions of 
valuable animals (Sirard, 2018). 
 

Conclusion 
 

The success of reproductive programs for high 
producing dairy cows goes beyond simply choosing the 
reproductive biotechniques to be used. Especially in 
Brazil, much of the low reproductive efficiency is due to 
the long period of heat stress that the cows are exposed. 

In short, because genetic selection for better 
fertility animals is a characteristic of low heritability, 
the success of reproductive programs in high 
productivity dairy herds depends on the combination of 
the use of reproductive biotechniques associated with 
management and nutrition practices that minimize the 
effects caused by heat stress and transition period. 
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Abstract 
 

The magnitude of oocyte’s role for embryo 
development is categorical. This unique cell contains 
the machineries and cellular components necessary to 
remodel male and female chromatin, to sustain early 
development and to, ultimately, generate a complete and 
complex individual. However, to gain these 
competences before fertilization, the oocyte undergoes 
several morphological, cellular and molecular changes 
during its lifetime enclosed in the ovarian follicle. This 
review will briefly revisit how the oocyte orchestrate the 
follicular cells, and how molecules transit to the oocyte 
from the innermost (cumulus) and outermost (antrum 
and granulosa cells) layers surrounding the follicle-
enclosed oocyte. Finally, we will discuss the 
interferences of in vitro culture conditions in the 
communication of the oocyte with its surrounding cells 
and the potential strategies to modulate these 
communication systems to increase oocyte competence.  
 
Keywords: cell-to-cell communication, cumulus-oocyte 
interactions, extracellular vesicles. 
 

Introduction 
 

In females, before birth, cohorts of primordial 
germ cells migrate to the genital ridge and establish 
contact with pre-granulosa. Meiosis is triggered and the 
primordial follicles are formed by primary oocytes 
surrounded by small squamous granulosa cells (Fortune, 
1994; Eppig, 2001; Edson et al., 2009). The initial steps 
of follicular development are gonadotropin-independent 
and is essentially driven by locally secreted factors 
(Eppig, 2001). During the growth phase these granulosa 
cells change from squamous to cuboidal originating the 
primary follicle (Fortune, 1994; Eppig, 2001; Edson et 
al., 2009). As the oocyte grows, the zona pellucida, 
composed by glycoproteins, is formed constituting a 
physical barrier separating the oocyte and the granulosa 
cells (Clarke, 2018). As granulosa cells proliferate and 
generate multiple layers, the follicle is denominated 
secondary follicle (Fortune, 1994; Eppig, 2001; Edson 
et al., 2009). When the antrum appears within the 
follicle, granulosa cells are divided into cumulus cells 
and granulosa or mural cells (Fortune, 1994; Eppig, 
2001; Edson et al., 2009). From this moment, the oocyte 
slows or stops its growth, even though the follicle 
continues to grow, under the influence of mainly follicle 
stimulating hormone (FSH) up to the pre-ovulatory 
stage (Fair et al., 1995; Eppig, 2001; Clarke, 2018). A 

peak of luteinizing hormone (LH) leads to mature 
cumulus-oocyte complex (COC) ovulation (Fortune, 
1994). 

During the oocyte and follicle development, 
intense communication between the oocyte and the 
components within the follicular environment occurs to 
ensure the acquisition of oocyte developmental 
capacity. Until the follicle reaches the antral or tertiary 
stage, the folliculogenesis is independent of 
gonadotrophins and morphological and functional 
changes are controlled by paracrine signals (Gilchrist et 
al., 2008). The oocyte commands these processes, in 
part, by oocyte-secreted factors (OSF). The molecules 
from the transforming growth factor-beta (TGF-B) 
superfamily are some of the most important OSF and, 
among them, Growth/differentiation factor 9 (GDF9) 
and Bone morphogenetic protein 15 (BMP15) have 
critical role during oocyte and follicle growth (Gilchrist 
et al., 2008). GDF9 and BMP15 expression are 
detectable in oocytes as soon as the primordial or 
primary follicle stages, depending on the species 
(Eppig, 2001). Oocyte releases GDF9 that acts in 
granulosa/cumulus cells through SMAD2/3 signaling 
(Kaivo-Oja et al., 2003; Kaivo-Oja et al., 2005), 
whereas BMP15 signals through SMAD1/5/8 (Moore et 
al., 2003; Pulkki et al., 2011). Both molecules can form 
homodimers and heterodimers and their proportions and 
functions vary in different species.  

The importance of OSF for oocyte 
development was clearly demonstrated in mice once the 
knockout of these factors lead to sterile animals or 
animal with reduced fertility (Dong et al., 1996; Eppig, 
2001; Yan et al., 2001). A plethora of roles for GDF9 
and BMP15 during oocyte maturation and 
folliculogenesis has been described. To exemplify, these 
OSF participate in the regulation of the oocyte growth 
factor KitL, increasing its expression in cumulus cells 
during oocyte growth and decreasing its expression 
when the oocyte is fully developed (Eppig, 2001; 
Gilchrist et al., 2008); also, stimulate cell proliferation 
and drive the differentiation of granulosa and cumulus 
cells during folliculogenesis. These evidences indicate 
that the oocyte modulate the surrounding cells in order 
to gain developmental competence. 

However, the idea that the oocyte is the 
singular source of molecules that are accumulated 
during oocyte acquisition of competence has been 
contrasted by in vitro maturation studies, as reviewed by 
Robert and Gilbert (2018). In cattle, the oocyte reaches 
its full-size when the follicle is around 3 mm in 
diameter (Lodde et al., 2008). These follicles contain
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oocytes in germinal vesicle (GV), that can be classified 
as GV1, GV2 or GV3 according to their chromatin 
condensation stage, which is correlated to the 
transcriptional activity (Luciano and Sirard, 2018). In 
GV1, the oocyte chromatin became partially condensed 
followed by a wide transcription decrease, while in GV3, 
the chromatin is totally condensed in a state of complete 
transcriptional inactivation (Luciano et al., 2011; Lodde 
et al., 2013). Oocytes derived from follicles measuring 3 
to 6 mm in diameter are usually used for in vitro 
production of bovine embryos, with development up to 
the blastocysts stage reaching 30 to 40%. When oocytes 
from larger follicles (around 8 mm) are used, blastocyst 
rate increase to 60% is observed (Rizos et al., 2002b). 

Even though oocytes either from 3-6 mm or 8 mm 
follicles are full-sized and transcriptionally inactive, the 
development competence is higher when they are kept 
longer within the follicular environment (Lonergan et al., 
1994), suggesting that cell-to-cell communications during 
the final stage of follicle maturation is decisive to 
increase the oocyte competence. Thus, follicular 
components and cumulus cells supply factors or 
molecules needed by the oocyte to reach its full 
competence. Here we will discuss the current knowledge 
about the communication within the ovarian follicle 
(Figure 1), focusing on the movement of molecules from 
outward follicle components to the cumulus-oocyte 
complexes and from the cumulus cells to the oocyte. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Communication within the ovarian follicle. Schematic representation of the intercellular communication 
within the antral ovarian follicle. A. Cellular communication in the follicular environment includes the secretion of 
paracrine factors (soluble factors) and a mechanism mediated by extracellular vesicles (EVs). These vesicles are 
present in follicular fluid and can carry and transfer macromolecules as mRNAs, microRNAs and proteins between 
granulosa cells, including the mural granulosa and cumulus. However, the eventually delivery to the oocyte of EVs’ 
contents transiting in the follicular fluid is yet to be experimentally observed B. The communication between the 
cumulus cells and the oocyte occurs by paracrine signaling. After the formation of the zona pellucida (ZP) this 
communication is also possible via transzonal projections (TZPs). At the bulk edges of TZPs gap junctions are 
established between cumulus cells’ membrane and the oolema. Structures like EVs have already been identified in 
the TZPs bulk edges, in the clefts formed between TZPs and the oolema.  
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Relations between the follicular cells and the oocytes 
 

Each follicular cell type within the follicular 
microenvironment play a role in supporting the oocyte 
growth, maturation and acquisition of competence. 
Indeed, several studies have associated follicular cells 
characteristics, such as gene expression and signaling 
pathways activity, with oocyte competence. For 
example, the expression of the gene estrogen receptor 1 
(ESR1) in granulosa cells and of the gene versican 
(VCAN) in thecal cells was positively associated with 
oocyte competence (Matoba et al., 2014). In cumulus 
cells, genes such as hyaluronan synthase 2 (HAS2), 
Gremlim 1 (GREM1) (Cillo et al., 2007), regulator of 
G-protein signaling 2 (RGS2) (Feuerstein et al., 2012) 
and tumor necrosis factor- alpha inducible gene 6 
(TNFAIP6a) (Matoba et al., 2014) were positively 
associated with oocyte competence while the genes such 
as inducible nitric oxide synthase (iNOS) and heme 
oxygenase 1 (HO-1) were negatively associated with 
competence (Bergandi et al., 2014).  

Studies that investigated gene expression in 
follicular cells and the ability of the oocyte to support 
development commonly identify associations or indirect 
effects of the follicular cells on the oocytes, rather than 
direct transfer of molecules among then. In spite of this, 
the direct transfer of molecules from the follicular cells 
to the oocytes play an important role for oocytes’ 
competence acquisition. The cumulus and corona cells, 
in close contact with the oocytes, provide small 
molecules to the oocytes through TZPs (and ultimately 
by gap junctions; (Sugiura and Eppig, 2005; Conti et 
al., 2012). However, communication mechanisms 
allowing the exchange of large molecules, such as 
mRNAs and fatty acids (Macaulay et al., 2014; del 
Collado et al., 2017b), have only recent being 
described. Large molecules’ traffic between outer layers 
(i.e. mural granulosa) and inner layer (i.e. cumulus-
oocyte complexes) of the ovarian follicle were recently 
described with the identification of extracellular vesicles 
(EVs) transiting in the follicular fluid (da Silveira et al., 
2012; Hung et al., 2015). Interestingly, the traffic of 
large molecules from cumulus to the oocytes has also 
been recently described through TZPs and ultimately by 
the transport mediated by EVs released into the cleft 
between the bulk end of the TZP and the oolema 
(Macaulay et al., 2014; Macaulay et al., 2016). 

 
From the outer layers to the oocyte 

 
Extracellular vesicles 

 
Extracellular vesicles are cell-secreted vesicles 

that can carry biomolecules such as proteins, mRNAs, 
miRNAs, metabolites and lipids (Choi et al., 2013; 
Raposo and Stoorvogel, 2013). Extracellular vesicles 
are present in different body fluids including follicular 
fluid of diverse species such as equine, bovine and 
human (da Silveira et al., 2012; Sang et al., 2013; Sohel 
et al., 2013; Santonocito et al., 2014; Navakanitworakul 
et al., 2016). These vesicles can be internalized by 
granulosa cells in vitro and in vivo (da Silveira et al., 

2012), and by cumulus cells in vitro (Hung et al., 2015; 
da Silveira et al., 2017), suggesting their importance in 
intrafollicular communication. Additionally, extracellular 
vesicles are capable to facilitate the transfer mechanism 
of different macromolecules (Di Pietro, 2016) not just 
between somatic cells but also between cumulus cells and 
the oocyte (Macaulay et al., 2014; Macaulay et al., 2016), 
as discussed ahead. As the follicle develops extracellular 
vesicles quantity and content in the follicular fluid vary 
(Navakanitworakul et al., 2016) and have different effect 
on cumulus expansion and oocyte gene expression 
(Hung et al., 2015).  

Recently, the role of extracellular vesicles was 
evaluated during cumulus-oocyte-complex in vitro 
maturation. Based on two independent studies using 
bovine as model the functional role of extracellular 
vesicles appears to be associated with EVs isolated from 
small follicles compared to large follicles. In the first 
study treatment of COCs with EVs from small follicles 
(3-5 mm) was capable to induce cumulus expansion and 
genes related to its function (Hung et al., 2015). In a 
second study, extracellular vesicles isolated from 3-6 
mm follicles were supplemented during COC in vitro 
maturation and early embryo development and were 
capable to induce changes in gene expression as well as 
global methylation and hydroxymethylation levels (da 
Silveira et al., 2017). Among the genes influenced by 
extracellular vesicles treatment were DNMT3A (DNA 
methyltransferase 3 alpha), ACSL6 ((Acyl-CoA 
Synthetase Long Chain Family Member 6), CDH1 
(Cadherin-1), REST (RE1-Silencing Transcription 
factor) and FADS2 (Fatty Acid Desaturase 2), which 
were increased in blastocysts following small EVs 
supplementation, during IVM and IVC, in comparison 
control treated COCs (da Silveira et al., 2017). In 
addition to that was observed an increase in global 
methylation and hydroxymethylation upon small EVs 
supplementation during IVM and IVC in comparison 
with control treated COCs (da Silveira et al., 2017). 
Additionally, da Silveira et al., (2017) observed the 
presence of PKH67 labelled EVs within TZPs 
suggesting the transfer of follicular fluid EVs to the 
oocyte; however, it still need to be confirmed (da 
Silveira et al., 2017). These results indicate that the EVs 
present in the follicular fluid exert functions in 
cumulus-oocyte complexes probably by the direct 
transfer of EV cargo to COCs. The specific component 
of the EVs driving these effect is still unknown. The 
most well studied EV content, candidate to directly act 
into the COCs, are the microRNAs, which have been 
extensively studied in the follicular microenvironment 
in association with the oocyte competence. 

 
MiRNAs 
 

MicroRNAs are small non-coding RNAs 
regulating gene expression that are present in cells or in 
follicular fluid and can be associated or not with EVs. 
MiRNAs can participate in the communication process 
between follicular cells and the oocyte (Assou et al., 
2013); thus, presenting different levels during follicular 
development (McBride et al., 2012) as well as different
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predicted pathways involved in important cellular 
processes. For example, miR-130b is involved in 
increasing granulosa and cumulus cells proliferation and 
in oocyte maturation (Sinha et al., 2017), probably by 
targeting SMAD5 and MSK1 (Mitogen- and Stress-
Activated Protein Kinase 1) genes.  

In order to investigate the potential roles of 
EVs from follicular fluid on the competence of bovine 
oocytes, our group conducted a series of experiments. 
We demonstrated the presence of different miRNAs 
cargos in EVs according to its origin – mural granulosa 
and COCs (da Silveira et al., 2015; Andrade et al., 
2017a). Moreover, we demonstrated that the miRNAs 
transiting in EVs in the follicular fluid modulate 
signaling pathways, such as the PI3K-Akt pathway. 
Additionally, we show that higher or lower activity of 
the PI3K-Akt signaling pathway into follicular cells 
correlate with higher or lower developmental 
competence of the oocytes (Andrade et al., 2017b). 
Although a direct transfer of molecules from the 
follicular fluid-EVs to the oocyte has never been show, 
indirect influence of EVs present in the follicular fluid 
on oocyte competence was demonstrated using these 
and other approaches (da Silveira et al., 2017). 
 

The inner layer: from cumulus cells to the oocyte 
 

Denuded oocytes are not able to reach full 
competence to support development of an embryo, 
whereas denuded oocytes co-cultured with cumulus 
cells have result in increased blastocysts development 
rates (Fukui and Sakuma, 1980; Zhang et al., 1995; 
Luciano et al., 2005). This demonstrates the importance 
of cumulus cells for the oocyte to acquire competence to 
support embryo development. The COCs are dynamic 
structures, and the communication among these cell 
types is intense. The unique architecture of the COC, in 
which the germ and soma cells are physically separated 
by a barrier, the zona pellucida, permits the 
communication mediated by paracrine signals as briefly 
discussed previously. However, the zona pellucida 
interposed between the oocyte and cumulus cell do not 
complete separate the germ and soma compartments, as 
transzonal projection (TZPs) extends from cumulus cell 
towards the oocyte. The TZPs allow the traffic of 
molecules from the cumulus cell to the oocyte by gap 
junctions or by extracellular vesicles (Sutton et al., 
2003b; Macaulay et al., 2014).  
 
The transzonal projections (TZPs) and the traffic of 
small and large molecules to the oocyte 
 

Besides paracrine signal, cumulus cells and 
oocytes crosstalk can occur by cumulus cells 
cytoplasmic projections through zona pellucida 
establishing a “bridge” connecting the cumulus cells 
and oocyte oolema, denominated transzonal projections 
(TZPs) (de Loos et al., 1989; de Loos et al., 1991). In 
primordial follicles, oocyte and granulosa cells are in 
direct contact, however, during oocyte growth, the zona 
pellucida is formed and granulosa cells and oocyte 
become physically separated. The traffic of molecules 

between them will be dependent on the TZPs (reviewed 
by Clarke, 2017). In bovine, it was estimated that TZPs 
are functional until 9 hours of IVM; after 9 hours of 
IVM they begin to disrupt and after 18 hours of IVM 
there are no more active TZPs (Macaulay et al., 2014; 
del Collado et al., 2017b). The TZPs are composed by 
cytoplasmic filaments and two types of them have been 
characterized: the tubulin-TZPs and actin-TZPs (Li and 
Albertini, 2013). Li and Albertini (2013) proposed two 
different functions depending on their structure: tubulin-
TZPs are involved in cell adhesion function, while 
actin-TZPs, most abundant in COCs, are involved in 
cell communication. There are evidences of how the 
TZPs are formed and to what kind of regulation they are 
subjected. As reviewed by (Clarke, 2018), there are two 
possible synthesis models: “stretching” and “pushing” 
models. The first proposes that, when zona pellucida 
appears, the granulosa cell bodies are stretched away 
from the oocyte and remaining attached to the original 
contact point; this model implicates that newborn 
granulosa cells are not able to synthesize TZPs. 
According to the “pushing” model, TZPs are generated 
by granulosa cells that grows toward the oocyte, and de 
novo TZPs synthesis could occur in proliferating 
granulosa cells. Although it was thought that only 
corona radiate cells could connect with the oolema by 
TZPs, recent studies have demonstrated that more distal 
layers also have these structures (Jaffe and Egbert, 
2017; El-Hayek et al., 2018). In bovines, it was 
estimated that around 3 thousand TZPs are present per 
oocyte (Macaulay et al., 2016) and it was observed that 
mice cumulus cells can synthetized more than one TZP 
per cell (El-Hayek et al., 2018), pointing an important 
communication route within the COC.  

Molecules such as FSH and GDF9 have been 
shown to regulate the appearance of these projections. 
The study performed in mice showed that, in the 
absence of FSH, an unusual high number of TZPs 
appear in the oocyte surface, while FSH treatment 
induces TZPs retraction along with the acquisition of 
meiotic competence (Combelles et al., 2004). The lack 
of GDF9 in mice oocytes lead to morphologically 
abnormal TZPs (Dong et al., 1996; Carabatsos et al., 
1998). Moreover, recently, an important work described 
how GDF9 could play an important role in TZP 
synthesis regulation via SMAD signaling and Daam1, 
Fscn1 and Myo10 proteins and possibly by another 
OSF, contributing to the regulation of this mechanism in 
mice (El-Hayek et al., 2018). Although the description 
of TZPs occurred decades ago, we still do not fully 
understand what kind and extend of communication 
these projections permit between the oocyte and 
surrounding cells. At the end of each TZP, 
communications occur by gap-junctional traffic or, as 
recently proposed, mediated by extracellular vesicles 
(Macaulay et al., 2014). 
 
Gap junctions 
 

The gap junctions are transmembrane protein 
structures composed by six connexins. In COCs there 
are two kinds of gap junctions composed by two
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different types of connexins: the ones linking 
granulosa/cumulus cells and the ones between cumulus 
cells and the oocyte (at the bulk end of TZPs). Although 
this varies depending on the species, it seems that the 
most common pattern is that connexins 43 are more 
present in gap junctions between granulosa/cumulus 
cells, and the connexins 37 in gap junctions linking 
cumulus cells and the oocyte (Nuttinck et al., 2000; 
Chang et al., 2016; Russell et al., 2016). Several studies 
in mice have demonstrated that both connexins are 
required to normal folliculogenesis and oogenesis 
(Gershon et al., 2008; Chang et al., 2016). The 
connexins 43 are regulated by gonadotrophins and 
steroid hormones, and was recently demonstrated that 
they are negatively regulated by BMP15 (Petrocelli and 
Lye, 1993; Granot and Dekel, 2002; Chang et al., 2014; 
Chang et al., 2016). Studies demonstrated that estradiol 
and FSH increase, while progesterone and LH decrease 
connexins 43 levels in many species such as human 
(Petrocelli and Lye, 1993; Granot and Dekel, 2002). 
These communications are active from very early 
folliculogenesis and decrease gradually during growth 
of mid-antral follicles (2-6 mm) depending on the 
oocyte GV stage (Lodde et al., 2007). During IVM in 
bovine, it was described that the number of gap 
junctions drop at 6-8 hours of culture, with the 
possibility of extending these communications using 
molecules that maintain the meiotic arrest in oocytes 
(Lodde et al., 2013). Gap junction channels transport 
small molecules (< 1 kDa) such as ions, amino acids 
and metabolites important to oocyte development 
(Thomas et al., 2004a). 

One of most important role of the gap junctions 
is the maintenance of meiotic arrest in oocyte. In 
mammals, oocytes are arrest in GV at diplotene stage of 
Profase I of meiose until preovulatory LH surge. It is 
well stablished that high level of cyclic adenosine 
monophosphate (cAMP) within oocyte maintain meiotic 
arrest, whereas a decreased of cAMP by 
phosphodiesterase (PDE3A) after LH peak leads to a 
meiotic resumption (Sirard et al., 1998). Before the 
surge of LH, PDE3A activity in oocyte is inhibited by 
cGMP originated from cumulus cells via gap junctions 
inhibiting meiotic resumption (Norris et al., 2009; 
Vaccari et al., 2009).  

On the other hand, gap junctional communication 
allows a control of oocyte microenvironment by the 
traffic of molecules. The oocyte manages the 
intracellular pH against acidosis by gap junctions 
transport of pH regulators from cumulus cells until the 
oocyte is able to regulate pH by itself (FitzHarris et al., 
2007). In addition, the oocyte is metabolically 
restrictive during foliculogenesis, since it contains 
immature mitochondria not able to perform glycolysis 
(Sutton-McDowall et al., 2010). Therefore, cumulus 
cells provide oocyte with metabolites such as pyruvate, 
that will be metabolized within the oocytes 
mitochondria during tricarboxylic acid cycle followed 
by oxidative phosphorylation to generate ATP (Biggers 
et al., 1967; Sutton-McDowall et al., 2010). Moreover, 
cysteine and NAD(P)H traffic from cumulus cells to the 
oocyte via gap junction are involved in GSH 

(glutathione) synthesis, the most common antioxidant in 
the oocyte (Sutton et al., 2003a). Finally, the oocytes 
secrete paracrine factors to promote cumulus cell uptake 
via gap junctions of amino acids, such as alanine, 
histidine and leucine, that oocytes themselves transport 
poorly (Eppig et al., 2005).  
 
Extracellular vesicles 
 

There are increasing evidences that large 
molecules such as mRNA, miRNA and proteins could 
be transported from cumulus cells to the oocyte. Studies 
conducted by Claude Robert’s group (Macaulay et al., 
2014; Macaulay et al., 2016) demonstrated the RNA 
traffic from cumulus cells to the oocyte via TZPs. These 
studies described several important transcripts that 
cumulus cells provide to the oocyte at final stage of 
oocyte maturation, showing how these transcripts could 
traffic from the cumulus to the oocyte. Moreover, they 
showed the occurrence of extracellular vesicles (EVs) 
within a structure that resembles a synapse at the end of 
TZPs, which suggest an involvement of these vesicles 
mediating the transport. Recently, our group showed 
evidences of the transport of Fatty Acid Binding Protein 
3 (FABP3) protein from cumulus cells to the oocyte via 
TZPs and an apparent increase of this traffic during the 
first 9 hours of IVM in bovines (del Collado et al., 
2017a). Additionally, we have demonstrated the 
increase in lipids similar to the increase and 
accumulation of FABP3 protein, suggesting that this 
protein is involved in carrying lipids to the oocyte. In 
order to demonstrate the mechanism, we impaired actin 
filament polymerization thus blocking TZPs formation 
as well as FABP3 movement from cumulus to oocytes. 
Such strategy resulted in lower amounts of lipids 
accumulated within the oocyte. Based on these findings 
we are currently investigating the relationship between 
FABP3 and extracellular vesicles within the cumulus-
oocyte-complex. In an attempt to demonstrate the 
possible transfer of extracellular vesicles from outside 
of cumulus cells to the oocyte we labeled EVs with 
PKH67 (membrane lipid dye) and verify the presence of 
labeled EVs within the zona pellucida, suggesting that 
these vesicles could use cumulus cells as bridges to 
achieve the ooplasm (da Silveira et al., 2017). 
 
Disturbances and modulation of the communication 

within the ovarian follicle 
 

Interactions inside the follicle 
microenvironment are coordinated and can lead to 
decreased oocyte competence if disturbed, or can 
potentially lead to increased reproductive success if 
adequately modulated. Understanding how follicular 
cells and the follicular fluid contents influence the 
oocyte competence acquisition is fundamental to 
develop strategies to protect the oocyte from deleterious 
conditions and to create protocols to improve assisted 
reproductive technologies. Since a fine coordinated 
crosstalk within COC is critic to oocyte competence, 
any exogenous particle or condition that modify 
cumulus cells or oocyte cellular or molecular
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characteristics could lead to an erroneous 
communication pattern, affecting oocyte competence. 
The most studied altered environment to which the 
oocytes are exposed is the in vitro culture condition. 
When immature oocytes undergo IVM several 
modifications appear (metabolic disturbances, 
epigenetic disturbances, and others) leading to a lower 
blastocyst rate, when compared to in vitro production 
(IVP) of in vivo maturated oocyte (Rizos et al., 2002b). 
This suggest that disturbances during oocyte maturation, 
corresponding to the final step of communication 
between the oocyte and the follicular cell, greatly 
impact the outcome oocyte competence acquisition.  

In vitro maturation alters transcript profiles in 
cumulus cells and oocytes in several species (Jones et 
al., 2008; Kues et al., 2008; Katz-Jaffe et al., 2009; 
Heinzmann et al., 2011; Yuan et al., 2011; Jiang et al., 
2014). Since we already know the existence of RNA 
traffic from cumulus to the oocyte (Macaulay et al., 
2014; Macaulay et al., 2016), this traffic and, 
consequently, the oocyte quality, could be affected by 
IVM. However, evidences of differential RNA traffic 
within the COC under in vivo and in vitro conditions are 
yet to be demonstrated.  

The excessive cytoplasmic lipid droplet 
accumulation that occur during the in vitro culture of 
gametes and embryos is extensively studied, and 
detrimental effects on competence are largely known 
(Rizos et al., 2002a; Seidel, 2006). We currently know 
that lipid accumulation occurs during IVM in both 
oocyte and cumulus cells and that it does not occur 
during in vivo maturation (del Collado et al., 2016; del 
Collado et al., 2017a; del Collado et al., 2017b). 
Notably, we identified that functional modifications 
including lipid accumulation in in vitro-matured oocytes 
were not associated with coordinate transcriptional 
changes; rather, we observed marked alterations in 
expression patterns in the surrounding cumulus cells, 
that include a massive deregulation of transcripts related 
to fatty acid synthesis, accumulation, elongation and 
desaturation, β-oxidation and glycolysis (del Collado et 
al., 2017a). These data suggest that IVM drastically 
interferes with the cumulus cells transcription, while 
modifications in lipid quantity occurs in both cumulus 
cells and oocyte. Considering the intense 
communication within COC, we could suggest that 
these alterations could modify the synthesis of fatty 
acids into cumulus cells and the quantity of molecules 
trafficking between soma and germ cells. This principle 
was given proof by the investigation of lipid traffic from 
cumulus cells to oocytes via a lipid-carrying protein 
(FABP3) and TZPs (del Collado et al., 2017b). We 
identified FABP3 within TZPs in bovine immature and in 
vitro mature oocytes. Moreover, we demonstrated that 
FABP3 protein and lipids increased in in vitro matured 
cumulus cells and oocytes, but not in in vivo counterparts, 
suggesting that in in vitro conditions the increase of lipid 
synthesis and accumulation in cumulus cells is, at least 
partially, transferred to the oocytes via TZPs.  

The glucose metabolism is also affected by 
IVM. COCs undergoing IVM produce higher levels of 
lactate (Khurana and Niemann, 2000) and cumulus cells 

after IVM have higher expression of glycolysis related 
genes when compared to in vivo maturation (del Collado 
et al., 2017a). If in vitro maturated cumulus cells 
metabolized more glucose and produced higher lactate, 
it could be implied that these cells provide to the oocyte 
higher level metabolites from glycolysis by gap 
junctions. Herein, we expose evidence suggesting that 
IVM affect COC communication by several different 
ways, being able to influence the oocyte competence 
and embryo development. We pointed out some 
mechanisms and pathways affected by in vitro 
maturation and their implications in oocyte competence. 
However, some important questions remain: can we 
modulate COC communication during IVM? Is this 
strategy viable to increase oocyte quality?  

Increase communication time between cumulus 
cells and the oocyte is a strategy under investigation in 
recent years by the use of pre-maturation systems before 
IVM. The pre-maturation are proposed to maintain 
TZPs and gap junctions functional for longer periods 
during in vitro culture. This is achieved with the use of 
substances that modulate cAMP and the meiotic 
resumption (Gilchrist and Thompson, 2007). Studies 
have demonstrated that pre-maturation systems increase 
oocyte quality and blastocysts rates during IVP in several 
mammals (Thomas et al., 2004b; Gilchrist and 
Thompson, 2007; Li et al., 2016; Sugimura et al., 2018). 
At a glance, the strategy to improve oocyte quality by 
increasing cumulus cells-oocyte communication during 
IVM could provide to the oocyte similar amounts of 
molecules, such as mRNA and metabolites, as in vivo 
maturated oocytes. However, one thing that has to be 
taken into account is that, during IVM, oocytes’ 
population is very heterogeneous containing oocytes at 
different GV stages. These differential GVs stages could 
be differently affected by the pre-maturation systems. 
Oocytes in GV1 could benefit from this system, 
accumulating more molecules from cumulus cells, 
whereas more advance GV3 oocytes, with fewer gap 
junctions, could be adversely affected by in vitro 
maturation without any advantage by pre-maturation. 
Moreover, we have to consider that, as previously 
described, in vitro maturated cumulus cells are negatively 
affect by in vitro culture, so the quantity and type of 
molecules transiting from cumulus to the oocyte could be 
non-physiological and not beneficial as expected.  

On the other hand, a different strategy to 
modify COC communication is the supplementation 
with EVs during IVM. There are studies demonstrating 
a positive influence of supplementation with 
extracellular vesicles during IVM in cumulus cells 
expansion, blastocyst rate, blastocysts cryotolerance and 
gene expression in the COCs (Hung et al., 2015; 
Lopera-Vasquez et al., 2016). Furthermore, 
supplementation with EVs from follicular fluid of 3-6 
mm follicles during IVM and IVC altered the 
expression of metabolic and developmental related 
genes, miRNA profile and epigenetic marks in 
blastocyst (da Silveira et al., 2017). These studies 
suggest that EVs play roles during oocyte maturation 
and embryo development. However, to develop such
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strategy, is important to understand the role of these 
extracellular vesicles within the ovarian follicle as well 
as the specific roles of their contents in order to 
supplement the right ‘messages’ to cumulus-oocytes-
complexes during maturation. 
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Abstract 
 
The outcome of pregnancy is closely linked to 

early events that occur during the onset of 
embryogenesis. The first stages in embryonic 
development are mainly governed by the storage of 
maternal factors present in the oocyte at the time of 
fertilisation. In this review, we outline the different 
classes of oocyte transcripts that may be involved in 
activation of the embryonic genome as well as those 
associated with epigenetic reprogramming, imprinting 
maintenance or the control of transposon mobilisation 
during preimplantation development. We also report the 
influence of cumulus-oocyte crosstalk during the 
maturation process on the oocyte transcriptome and how 
in vitro procedures can affect these interactions.  
 
Keywords: cumulus cells, germinal-somatic interactions, 
maternal RNAs, oocyte maturation, preimplantation 
development. 
 

Introduction 
 

The notion of embryo quality refers to the 
capacity of an embryo to develop and support successful 
pregnancy to full term. In cattle, most failed pregnancies 
result from embryonic mortality that occurs before 
implantation, during the first two weeks after 
fertilisation (Berg et al., 2010; Lonergan et al., 2016). 
During this window, the fertilised oocyte undergoes 
profound morphological changes. Embryonic cell 
divisions and cavitation lead to blastocyst formation. 
The blastomeres segregate between the inner cell mass 
and trophectoderm which gives rise to initiation of the 
first lineages, namely the embryonic epiblast, 
extraembryonic hypoblast and trophoblast (Artus and 
Chazaud, 2014). The embryonic epiblast will give rise 
to all future intraembryonic tissues while 
extraembryonic tissues will be involved in forming the 
placenta (Ribeiro et al., 2016; Schroder et al., 2016). 
Cellular differentiation and lineage specification require 
prior resetting of the epigenetic information that is 
contained in each gamete to enable a return to 
totipotency. It also necessitates processes to restrict 
further expression to lineage-appropriate subsets of 
genes. Epigenetic information participates in 
mechanisms that preside over genetic information. This 
consists in a combination of marks such as DNA 
methylation and posttranslational histone tail 
modifications (Kouzarides, 2007). The extensive 
modifications of parental epigenetic marks that occur 
soon after fertilisation and are referred to as early 
epigenetic reprograming are involved in regulating gene 
expression throughout early development (Canovas and 

Ross 2016; Sepulveda-Rincon et al., 2016; Zheng et al., 
2016). A small fraction of genes within the whole 
genome escapes from the extensive DNA methylation 
erasure that occurs in the zygote. These genes include 
imprinted genes that display different types of DNA 
methylation depending on their parental origin, leading 
to parental-allele-specific gene expression during 
development. Genome imprinting plays a key role in 
maintaining normal embryogenesis (Elhamamsy, 2017). 
In cattle, genomic reprogramming has been shown to be 
associated with an increase in the expression of 
transposable elements (TEs), specifically from a subclass 
of these elements called retrotransposons (Bui et al., 
2009). Because the potential proliferation of TEs within 
the genome due to autonomous copy-and-paste 
mechanisms can result in genome instability and may 
damage the embryo, this transposon mobilisation needs to 
be constrained to permit normal embryo development. 

Mammalian embryos are transcriptionally 
quiescent at the start of development. Early 
embryogenesis is mainly governed by post-
transcriptional and post-translational events. The 
stockpile of maternal RNAs and proteins, which are 
stored within the oocyte during oogenesis, sustains the 
first stages of development until embryonic genome 
activation (EGA; Vigneault et al., 2009; Deutsch et al., 
2014). Inherited factors from the oocyte contribute to 
epigenetic reprogramming and imprinting maintenance 
during early development (Canovas and Ross, 2016; 
Lodde et al., 2017). In cattle, factors that are likely to be 
involved in protecting the embryo against the deleterious 
effects of transposon mobilisation have been evidenced in 
the oocyte at the time of fertilisation (Russell et al., 
2017). The time frame for the embryo transcription 
machinery to be fully functional varies between species 
(Telford et al., 1990). In cattle and sheep, the major EGA 
that conveys the transition from maternal to the 
embryonic control of embryo development occurs 
gradually from the 8- to the 16-cell stage (Graf et al., 
2014). This process is considered to be one of the most 
critical events governing bovine embryo viability during 
preimplantation development and is closely associated 
with the nuclear and cytoplasmic characteristics of 
oocytes at the time of fertilisation (Gad et al., 2012). 

Throughout this manuscript, we shall focus on 
several aspects of the oocyte transcriptome at the time of 
fertilization that are known to be related to a successful 
course of preimplantation development, and particularly 
with the achievement of EGA. We shall also discuss how 
cumulus-oocyte interactions can refine the oocyte 
transcriptome during the maturation process and how in 
vitro procedures may potentially affect these interactions 
and subsequent embryonic development in cattle. 
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Impact of oocyte transcriptome on early embryo 
development 

 
The storage of maternal RNA enclosed in the 

fertilised oocyte is involved in the control of early 
embryogenesis (Tadros and Lipshitz, 2009).  In cattle, 
several maternal transcripts (also known as maternal 
effect genes) have been shown to play an essential role 
during the first embryonic cleavage cycles, activation of 
the embryonic transcription machinery, pluripotency gene 
expression and blastocyst cell allocation (Bettegowda et 
al., 2007; Tejomurtula et al., 2009; Tripurani et al., 
2011a). During oogenesis, the oocyte actively synthetises 
and accumulates a large collection of coding and non-
coding RNAs (Susor et al., 2016). Oocyte transcription 
gradually decreases during terminal differentiation within 
the preovulatory follicle, ceasing finally with the 
resumption of meiosis. Maternal RNAs are stabilised and 
stored so that they will be available over a period of 
several days that include embryo transcription silencing. 
RNA stabilisation mechanisms such as the de-
adenylation and capping processes have been shown to 
control the translation of several key mRNAs in 
embryos in a timely manner (Kim and Richter 2007; 
Richter, 2007; Weill et al., 2012). The extent of 
maternal transcript polyadenylation is positively 
correlated with translation efficiency. For example, JY-
1, a maternal effect factor identified in the bovine oocyte, 
is required to reach the embryonic 8- to 16-cell stage and 
complete EGA (Bettegowda et al., 2007; Lee et al., 
2014). JY-1 transcripts display temporal variations in 
their adenylation status throughout the initial cleavages. 
The abundance of polyadenylated JY-1 mRNA is low 
during oocyte maturation; it increases at the pronuclear 
and 4-cell stages, and then decreases to almost 
undetectable levels after the 16-cell stage of embryo 
development. In contrast, the amount of total (de-
adenylated + polyadenylated) JY-1 mRNA, which is 
highest in the immature oocyte, gradually decreases to 
become undetectable after the 16-cell stage. These 
changes to transcript adenylation lead to dynamically 
regulated JY-1 mRNA translation during early 
development.  

Deadenylation and readenylation mechanisms 
are not always involved in regulating mRNA 
translation. The expression of Jumonji domain-
containing protein 3 (JMJD3) during the early 
development of bovine embryos is a paradigm. JMJD3 
belongs to the Jumonji family of genes that are 
epigenetic regulators. JMJD3 is a lysine demethylase 
associated with histone demethylation. Its activity is 
required for the removal of trimethylated histone 3 
lysine 27 (H3K27me3) marks during the 
reprogramming process (Canovas et al., 2012). The 
histone H3K27me3 mark is involved in the silencing of 
gene expression. At fertilisation, H3K27me3 marks 
have to be removed from the gametic chromatin in order 
to reactivate silenced genes, thus enabling EGA and 
development to the blastocyst stage (Bogliotti and Ross, 
2012). The level of JMJD3 mRNA, which is high in 
MII-stage oocytes, decreases from the zygote to the 16-
cell stage. JMJD3 protein, which is undetectable in the 

oocyte, is translated soon after fertilisation and persists 
throughout the first cleavage cycles. Although JMJD3 
protein expression is dynamically regulated during the 
window from fertilization to EGA, maternally inherited 
JMJD3 mRNA do not display changes to patterns of 
transcript abundance between the total and 
polyadenylated fractions, suggesting that other 
mechanisms are involved in the regulation of mRNA 
translation (Canovas et al., 2012).  

While tight temporal activation of the 
translation of dormant maternal mRNAs is required for 
successful progress through the first cleavages, 
destabilisation and degradation of the maternal RNA 
pool is a major determinant for the start of EGA 
(Tesfaye et al., 2017). Inherited maternal micro RNAs 
(miRNAs) seem to be critical players in the control of 
maternal transcripts during early development in cattle 
(Mondou et al., 2012). miRNAs are a large class of 
small non-coding RNAs (less than 200 nucleotides) that 
play important gene-regulatory roles in repression of the 
mRNAs of protein-coding genes (Guo et al., 2010). 
miRNAs derive from long primary microRNA 
transcripts that are successively processed by the 
nuclear microprocessor complex Drosha-DGCR8 and 
by the cytoplasmic RNAse III enzyme Dicer. miRNA-
mediated repression leads to a reduction in translational 
efficiency and/or decreased mRNA levels (Dallaire and 
Simard, 2016). Decreased mRNA levels are associated 
with the mRNA de-adenylation and de-capping 
processes that trigger mRNA destabilisation and 
degradation. For example, NOBOX (Newborn ovary 
homeobox gene) is a maternal-derived transcription 
factor that is stage-specifically expressed during oocyte 
maturation and early embryonic development in cattle 
(Tripurani et al., 2011a). NOBOX is required for 
embryonic development to the blastocyst stage. It is 
involved in regulating POU5FI/OCT4 and NANOG 
pluripotency gene expression, blastocyst cell allocation 
and embryonic transcriptional activity. The 3’-
untranslated region (3’-UTR) sequence of NOBOX 
mRNA exhibits a binding site for miR-196a. After 
fertilisation, NOBOX mRNA and protein expression are 
gradually suppressed from the 2-cell to 8-cell stages as 
the expression of mature miR-196a increases (Tripurani 
et al., 2011b). The highest abundance of mature miR-
196a near the 8-cell stage of embryogenesis supports its 
involvement in maternal NOBOX mRNA degradation at 
the onset of EGA in cattle. 

Piwi-interacting RNAs (piRNAs), another class 
of small non coding RNAs, are potentially involved in 
the control of maternal mRNA translation and decay as 
well as in that of transposon activity during early 
embryogenesis (Barckmann and Simonelig, 2013; 
Russell et al., 2017; Zhang et al., 2017). These piRNAs 
associate with PIWI proteins to form ribonucleoprotein 
complexes referred to as piRNA-induced silencing 
complexes (piRISCs), which bind to RNA targets with 
complementary nucleotide sequences, leading to 
splicing activity, transcriptional repression and/or 
degradation. A recent study using bovine, macaque, and 
human material showed that most small RNAs that are 
present into MII-stage oocytes are represented by a
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piRNA-like population (approximately 26 nucleotides 
in length) whereas miRNAs account for less than 1% 
(Roovers et al., 2015). A pool of piRNAs similar to that 
observed in oocytes can still be detected at the 2- to 4-
cell-stage in bovine embryos. Testis-derived piRNAs 
with a length preference of approximately 30 
nucleotides are not obvious after fertilisation, 
suggesting that embryonic piRNAs mainly derive from 
the oocyte. The oocyte-derived piRNAs pool is strongly 
enriched with transposon-derived sequences and may 
help to prevent transposon activity during genome 
reprogramming in cattle (Russell et al., 2017). To be 
functional, the PIWI pathway requires the presence of 
both piRNAs and their associated PIWI proteins. A 
recent study in cattle evidenced the dynamically 
regulated expression of a transcript coding for the PIWI 
protein PIWI1during early development (Russell et al., 
2016). PIWI1mRNA expression displays a peak at the 
2-cell stage, after which the levels fall through to the 
blastocyst stage. The PIWI1 mRNA expression profile, 
as well as the ability of PIWI1 protein to bind piRNAs, 
suggests its involvement in transposon control during 
embryonic reprogramming. 

Long non-coding RNAs (lncRNAs) are 
increasingly being recognised as modulators of gene 
expression. These lncRNAs are a class of transcripts 
longer than 200 nucleotides that do not usually code for 
a protein (Ruiz-Orera et al., 2014; Mattick and Rinn, 
2015). Recent studies in mammals suggested functional 
roles for maternal lncRNAs during early embryonic 
development (Taylor et al., 2015; Bouckenheimer et al., 
2016; Svoboda, 2017). A transcriptomic analysis 
performed in human embryos evidenced the dynamic 
expression of oocyte-inherited lncRNAs which included 
TUBB8P7 (tubulin beta 8 class VIII pseudogene 7), 
BCAR4 (breast cancer anti-oestrogen resistance 4), 
WEE2-AS1 (WEE2 antisense RNA 1) and TUNAR 
(TCL1 upstream neural differentiation-associated RNA) 
during preimplantation development (Bouckenheimer et 
al., 2018). Their expression remains stable during the 
first two cleavages. It then declines during progression 
to the blastocyst stage, specifically between the 4-cell 
and 8-cell stage, suggesting a role in embryonic cell 
division as well as in the control of gene activation at 
the onset of EGA. The clearance of lncRNAs may 
involve the post-transcriptional adenylation process 
(Mattick and Rinn, 2015). A recent review reported the 
involvement  of several lncRNA in control of the mono-
allelic expression of imprinted genes at almost all stages 
of mammalian development, including preimplantation 
stages (Saha et al., 2017). 

 
Effect of periconceptional cumulus-oocyte crosstalk 

on the oocyte transcriptome 
 

The capacity of the fertilised egg to support 
successful embryonic development is reliant upon the 
content of the oocyte at the time of fertilisation. The 
phenotype of a mature oocyte is the culmination of 
continuous and highly coordinated interactions between 
the germinal and somatic compartments of the ovarian 
follicle that occur throughout folliculogenesis, and 

particularly during terminal differentiation of the 
cumulus-oocyte complex (COC) (Li and Albertini, 
2013). The LH surge induces cell signalling cascades 
within the preovulatory follicle leading to oocyte 
maturation, cumulus expansion and ovulation of the 
COC. Oocyte maturation consists of a stream of events 
that occur at both the nuclear and cytoplasmic levels 
and are often referred to as meiotic and cytoplasmic 
maturation (Sirard et al., 2006). While the oocyte 
resumes meiosis and progresses to the metaphase II 
(MII) stage, cytoplasmic organelles (including 
mitochondria, endoplasmic reticulum and the Golgi 
apparatus) undergo important changes affecting their 
structure, function and/or distribution (May-Panloup et 
al., 2007). There is a growing body of studies that have 
provided molecular explanations (concerning oocyte-
somatic cell communication) for the underlying 
mechanisms of several cytoplasmic maturation features 
(Cakmak et al., 2016; Sousa Martins et al., 2016). 
Epidermal growth factor (EGF)-like peptides have been 
shown to play a central role in transmission of the 
preovulatory LH signal from mural granulosa cells to 
cumulus cells (CCs) in several mammalian species, 
including humans (Prochazka et al., 2017; Richani and 
Gilchrist, 2018). In turn, CCs exchange signals with the 
oocyte enabling both of them to reciprocally modulate 
the transcriptional and/or translational events that occur 
in preparation for fertilisation (Conti et al., 2012; Conti 
and Franciosi, 2018). In mice, the interaction between 
EGF-like growth factors and cumulus EGFRs leads to 
activation of the phosphatityl-inositol-3-kinase-AKT-
mechanistic target of rapamycin (PI3-AKT-mTOR) 
pathway in the oocyte. The mTOR signalling pathway is 
involved in controlling the translation of several 
maternal transcripts that are critical to embryonic 
development (Chen et al., 2013). A recent study in mice 
showed that mTOR-dependent pathways in growing 
oocytes are also involved in the control of oocyte 
translation during the maturation process (Guo et al., 
2018). Up-regulated expression of the prostaglandin G/H 
synthase-2 (PTGS2) pathway in granulosa cells and 
cumulus cells following the LH signal has been reported 
in several mammalian species, including bovines (Sirois, 
1994; Nuttinck et al., 2002). Prostaglandin E2 (PGE2) is 
the main PTGS2-related prostaglandin secreted by 
follicular somatic cells. Autocrine and paracrine PGE2 
signalling is required to intensify and propagate the EGF-
like peptide signal within the preovulatory follicle 
(Shimada et al., 2016). In turn, EGF-like peptides 
produced by CCs promote the mRNA expression of 
genes such as PTGS2 that are involved in the cumulus 
expansion process. Bovine oocytes express PGE2 
binding sites, suggesting that PGE2 is involved in 
cumulus-oocyte coupling in cattle (Nuttinck et al., 
2011). The modalities of information exchanges 
between somatic and germinal compartments of the 
COC vary as oocyte maturation progresses (McGinnis et 
al., 2013). Some hours before ovulation, gap junction 
communications between the oocyte and CCs are 
promptly down-regulated while the pattern of oocyte 
secreted factors continues to be regulated dynamically by 
feedback loops between the gamete and expanding CCs
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(Coticchio et al., 2015; Cakmak et al., 2016).  
Novel mediators of the intercellular 

communication that is involved in building the oocyte 
transcriptome during the preovulatory period have 
recently been highlighted. Studies in cattle have 
revealed that cumulus cells contribute to oocyte 
transcript stores by way of active RNA transfer. Before 
the initiation of meiosis resumes, large cargos including 
mRNAs and lncRNAs appear to move from the CCs to 
the oocyte through transzonal projections (TZP; 
Macaulay et al., 2014, 2016). The abundance of several 
specific transcripts such as RASL11B (RAS like 
family11 member B), KIF5B (kinesin family member 
5B) and AFF4 (AF4/FMR2 family member 4) mRNAs 
increases in the oocyte during transition from the 
immature to the mature stage, while endogenous 
transcription of the oocyte becomes silenced. In 
bovines, the potential for large cargo transfer from the 
CCs to the oocyte via TZPs terminates around 9 h after 
the induction of meiosis resumption when both 
compartments of the COC gradually dissociate and CC 
projections are released. This exogenous source of RNA 
may potentially enrich the pool of maternal factors that 
are involved in the control of early embryogenesis. It 
has been suggested that other classes of cumulus 
transcripts may be exchanged with the oocyte. The 
transcriptional profiles of human MII oocytes and their 
surrounding CCs indicate that many genes expressed in 
oocytes are potential targets of CC miRNAs, suggesting 
that oocyte-CC crosstalk might also be mediated via 
miRNAs (Assou et al., 2013). Among the oocyte 
mRNA targets of CC miRNAs are transcripts coding for 
factors associated with chromatin remodelling such as 
the DNA methyltransferases DNMT1, DNMT3A, 
DNMT3B and SMARCA5 (SWI/SNF related, matrix 
associated, actin regulator of chromatin, subfamily a, 
member 5). An in vitro study using bovine model shown 
that modulation of miRNA-130b expression in maturing 
oocyte affects the meiosis progression as well as the 
proliferation rate and the glucose metabolism activity of 
surrounding CCs (Sinha et al., 2017). 

 
The in vitro maturation process may alter cumulus-

oocyte crosstalk 
 

In cattle, in vitro embryos are produced through 
successive steps which include in vitro maturation (IVM) 
and fertilisation (IVF). The resulting zygotes undergo a 7-
day culture period that permits them to reach the 
blastocyst stage. Embryo quality is assessed 
morphologically at the end of this culture period in order 
to select embryos that are compatible with the transfer 
procedure (Rocha et al., 2016). IVM implies that the 
COC achieves its terminal differentiation in the absence 
of a follicular environment, and thus when LH-induced 
granulosa cell cues are absent. While nuclear oocyte 
maturation appears to be progressing normally, other 
aspects of COC terminal differentiation may be altered. 
A comparison of CC transcriptomes obtained from in 
vitro matured COCs with those obtained from in vivo 
counterparts highlighted critical deficiencies affecting 
several cumulus molecular pathways known to support 

developmental potential of the oocyte in mice, humans 
and cattle (Brown et al., 2017). The expression of genes 
involved in several CC functions such as epidermal 
growth factor (EGF)-like signalling, extracellular matrix 
production, glucose metabolism, fatty acid metabolism 
and immune-like processes, were seen to be impaired 
during the in vitro procedure. The alteration of terminal 
molecular events in CCs before fertilisation could 
compromise cumulus-oocyte dialogue and hence the full 
development of oocyte competence. Studies using a 
bovine model have shown that the rise in PTGS2-related 
PGE2 production that occurs in CCs concomitantly with 
the resumption of meiosis is affected by IVM conditions 
and the presence of exogenous EGF (Nuttinck et al., 
2008). However, PTGS2 expression remains weaker 
than that which is observed after in vivo maturation 
(Nuttinck et al., 2002). Several aspects of terminal 
differentiation of the bovine COC are affected by the 
level of PGE2 present in the oocyte environment during 
IVM (Nuttinck et al., 2011). The inhibition of cumulus 
PGE2 production reduces the kinetic of meiosis 
progression, oocyte MAPK activation and cumulus 
expansion. Recent publications have recommended the 
supplementation of IVM media with bioactive 
molecules that are involved in cumulus-oocyte interplay 
in order to counterbalance the alterations induced by the 
in vitro procedure (Richani and Gilchrist, 2018). We 
previously reported that the addition of PGE2 to 
IVM/IVF media promotes embryonic cell survival and 
cell lineage development during the two weeks of the 
preimplantation period in cattle (Nuttinck et al., 2017).  
 

Conclusion 
 

Disruption or deregulation of the interactions 
between a maturing oocyte and surrounding CCs can 
affect the final stages of the storage of maternal factors 
and consequently of subsequent embryonic 
development. One of the most promising options to 
improve the viability of in vitro produced embryos is to 
optimise the in vitro maturation conditions in order to 
preserve the integrity of cumulus-oocyte coupling, 
which will contribute to achieving the full 
developmental competence of the oocyte. 
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Abstract 
 
This manuscript describes the different topics I 

have been involved in the fields of reproductive 
physiology and embryo biotechnologies with attempts to 
address practical issues raised mainly by the breeding 
industry. The journey started with phenotyping work in 
the field of reproductive physio-pathology. Other issues 
were related to the optimization of reproductive 
biotechnologies to favorize genetic selection. The 
implementation of genomic selection raised opportunities 
to develop the use embryo biotechnologies and showed 
the interest of combining them in the case of embryo 
genotyping. There is still a need to refine phenotyping for 
reproductive traits especially for the identification of 
markers of uterine dysfunction. It is believed that new 
knowledge generated by combining different molecular 
approaches will be the source of applications that may 
benefit AI practice and embryo technologies. 
 
Keywords: cattle, genomics, reproductive phenotypes, 
reproductive technologies.  
 

Introduction 
Warning! 

 
Working most of my life for the breeding 

industry had two major consequences. This led to 
develop research based on application driven 
approaches. In addition, although working mainly in the 
field of animal reproduction, I have been almost 
permanently at the border of different domains, 
endocrinology at first, embryology and embryo 
technologies, genetic selection and more recently 
reproductive genomics. I started with clinical medicine, 
dealing with reproductive problems in high producing 
dairy cows and approach today the mechanisms 
underlying the development of inflammation and 
resilience to stress, using cow, dog and cat endometrium 
as models. 

The following text is an attempt to describe the 
context in the field of reproduction at the beginning of 
my working life, the major developments in 
reproductive physiology, veterinary medicine and 
genetic selection, I have been witness too and their 
promising applications followed or not by real 
development. The environment of present research 
providing extremely powerful tools, especially for 
genomics, stresses out the need for Bioinformatics to 

integrate information when approaching reproductive 
physiology or diseases with concepts referring to 
precision medicine.  

Hence, this text should be seen as just an 
overview produced by a “generalist” who approached 
too many topics. Despite the associated limitations, I 
hope that the description of existing gaps in knowledge 
and/or some of the perspectives drawn from it may be 
the source of research ideas for future adventurers 
discovering by mistake this text on a dusty shelve.  
  

AI and the birth of phenotyping for fertility 
 
Clinical approaches for the control of fertility and 
oestrus synchronization 
 

I joined the world of Artificial Insemination 
(AI) in 1977, soon after the end of its golden age. 
Following a rapid growth after the creation of the first 
French AI centre in 1946 the number of AI’s reached a 
plateau in the 70’s and then started to decrease, due to 
the decrease in cow numbers associated with the 
increase in cow productivity. This technique is still 
widely used in France with a total of 7 millions of AI’s 
in 2017 (Grimard et al., 2018) and represents the major 
way of reproduction in dairy cows (in 2017, 80% of 
calves issued from AI) whereas it’s development has 
been limited in beef cows (only 13% of calves issued 
from AI). Due to genetic selection oriented essentially 
to improve milk traits, fertility after AI decreased 
regularly between the 70’s and year 2000 (Barbat et al., 
2010). The above trend was not specific to France, and 
was observed in all dairy producing countries (Royal et 
al., 2000; Lucy, 2001; Bousquet et al., 2004). The need 
for a better characterization of reproduction and 
treatment of reproductive disorders emerged from this 
situation. In the 70’s major progresses in the 
mechanisms regulating corpus luteum and pituitary 
function and the commercialization of hormones such as 
PGF2α and GnRH combined with the development of 
accessible progesterone Radio-Immuno assays offered 
new opportunities for the treatment of reproductive 
disorders (Thibier et al., 1977; Humblot and Thibier 
1980, 1981). Progesterone in plasma then milk allowed 
the characterization of ovarian activity and the different 
types of postpartum reproductive disorders. Achieving 
this was “the birth of precise reproductive phenotypes” 
(As Mr Jourdain in “Le Bourgeois gentilhomme” 
[Molière] who did speak “prose” without knowing it,
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we were establishing the first reproductive 
phenotypes…) and gave opportunities to develop 
targeted treatment protocols depending on ovarian 
cyclicity (Humblot and Thibier 1981, Thibier et al., 
1985). These studies were followed by the wave of 
systematic synchronisation treatments followed by fixed 
time AI(s) known today as FTAIs (see for review 
Sartori et al., 2016). All these first steps together with 
the development of efficient protocols to synchronize 
oestrus in dairy and beef cattle (Chupin et al., 1974; 
Deletang, 1975; Grimard et al., 1995; Humblot et al., 
1996) were crucial for the subsequent emergence of 
embryo based technologies.  
 
Characterization of reproductive disorders Post AI / 
embryo mortality: 
 

In ruminants, the access to progesterone assays, 
the discovery of pregnancy specific proteins from the 
conceptus (Martal et al., 1979; Thatcher et al., 1989) 
and later produced by placental cells (Butler et al.,1982; 
Sasser et al.,1986; Beckers et al., 1999; Perenyi et al., 
2002) allowed deciphering the mechanisms by which 
pregnancy was maintained or leading to embryo 
mortality. In the cow, the consequences of embryonic 
losses on luteal function were determined (Northey and 
French, 1980; Humblot and Dalla Porta, 1984) showing 
that contrary to later losses, embryonic mortality before 
day 14 post-AI do not induce any change in oestrus 
cycle length. This information associated with the 
characterization of the Pregnancy Associated 
Glycoproteins (PSPB/PAGs) profiles were the basis to 
determine the relative weight of early and late 
embryonic losses (Humblot et al., 1988; Humblot 
2001). The results, obtained from thousands of cows 
(both dairy and beef breeds) showing the higher 
frequencies of very early losses (either non fertilization 
or early embryonic mortality) when compared to later 
losses were further confirmed with other methods and in 
a different environment and breeds (Diskin et al., 2006). 
In addition, PAG measurements when repeated 
sequentially allowed the precise characterisation of the 
time of embryo death or later abortions. While revealing 
the strong gap between the time at which embryo death 
occurred and clinical abortion (reaching often 2 months 
or more) they represented a much better source of 
information to identify the causes of pregnancy failures 
and were the source of more precise phenotypes for 
pregnancy failures (Dobson et al., 1993; Wallace et al., 
1997; Humblot, 2001). More recently, new systems 
have been successfully developed for assaying PAGs in 
cow blood or milk (Ricci et al., 2015). At the same time 
the PAGs family has been enriched with some new 
members allowing their measurement at an earlier stage 
of pregnancy (Touzard et al., 2013), but today there is 
still a need for a specific and reliable marker of “non 
pregnancy” which being predictive of return in oestrus, 
would allow the planning of a new AI.  

The bull as a major source of variation of fertility  
 
When the decrease in fertility following AI was 

ascertain, investigating differences in fertility between 
AI bulls became a concern. At the beginning of the 80’s, 
we analysed data from AI centres reputed for their 
proper management of information, gathering at this 
occasion the results of several millions of AIs and the 
available sources of variation which represented huge 
data sets. The procedures for the transfer of data, their 
validation and statistical analysis had to be customized 
and computing time and resources appeared as 
limitations. Although the bull factor was found 
significant, the results revealed that differences 
originated from a few extreme individuals representing 
less than 10% of the population (either with a very high 
or a very low fertility). The sequential analysis of non 
return (absence of oestrus following AI, being 
predictive of pregnancy) rates recorded at different 
times after AI did show that the bull used for AI 
influenced almost exclusively non fertilization or early 
embryonic mortality (before 14 days of pregnancy in the 
cow), subsequent impacts on fertility (late embryonic 
mortality or abortions) being very marginal (Humblot et 
al., 1991). These results were further confirmed in one 
field trial where fertility phenotypes were defined with 
more precision from few thousands of AIs (Grimard et 
al., 2006). Beyond the results obtained, the above work 
was an excellent opportunity to develop a fruitful 
collaboration with bioinformaticians and 
biostatisticians. This challenging experience, as a young 
reproductive physiologist, strongly influenced my 
education and way to approach research. 
 
Changes in AI practices and sperm processing; 
consequences for reproductive performances and the 
environment  
 

In cattle, the landscape of AI has changed 
considerably since the 70’s. The changes are essentially 
linked to increased herd size, improved automatization 
and recordings associated to a relative reduction in man-
power. This combination was not necessarily favourable 
to fertility as AI success is still related to the quality of 
heat detection in the absence of FTAIs.  Two major 
changes in AI practice and technology occurred during 
the past decades (Grimard et al., 2018). i) The number 
of AI performed by farmers instead of specialized AI 
technicians increases regularly especially in herds >100 
cows (for instance +12% in France between 2015 and 
2016). The impact of this practice on fertility is difficult 
to evaluate as non-return rates are evaluated from records 
deviating from the usual standards. ii) Semen sexing 
became a commercial reality with patent advantages for 
individual farmers and breeding companies. There is still 
no alternative to flow cytometry and related logistics 
(Galli, 2017). Today, there is still differences in fertility 
(from 8 to 15% lower) in cows and even heifers
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following AI’s performed with sexed and conventional 
semen (Le Mezec, 2018 cf review from Grimard et al., 
2018) showing that the unfavourable consequences of 
sperm processing through flow cytometry are not fully 
controlled.  

The advantages of encapsulation of sperm 
giving more flexibility in timing of AI have been put 
forward for a while (Ghidoni et al., 2008), and 
improvements of sperm quality have been reported in an 
in vitro study (Alm-Kristiansen et al., 2018). However 
so far field results are not so demonstrative 
(Standerholen et al., 2015). Other issues relate to the 
environmental impact of adding antibiotics during 
sperm processing. Due to the large amounts of 
extenders to be prepared, inducing antibiotic resistance 
may be of critical importance especially in the pig 
(Morrell 2016; Morrell and Humblot, 2016). With this 
perspective, all alternative solutions lowering the 
potential impact of sperm handling on the environment 
would be most useful.  

For each of these fields related to semen 
processing and AI practice, new technological 
developments are awaited to improve fertility results 
while limiting at the same time possible impact of AI 
technology on the environment. In the near future, profit 
may be taken from the evaluation of seminal plasma 
(SP). Effectively, protein patterns in SP, which are 
representative of individuals, have been related to 
resistance to freezing, survival of sperm in the genital 
tract (Soleilhavoup et al., 2014; Rickard et al., 2015), 
fertility (Morrell et al., 2018) and also to be involved in 
immune-tolerance mechanisms which may be of 
importance especially for the success of implantation 
(Robertson, 2005). 
 
Changes in genetic selection objectives and 
consequences for reproductive performances 
 

In the seventies inheritance of fertility and its 
relationship with dairy production was already a 
concern (Foote, 1970; Maijala, 1976). However, 
reproductive performances, still acceptable by this time 
declined steadily and even more during and after the 80’s 
(Royal et al., 2000; Barbat et al., 2010). Following 
studies developed initially in Nordic countries, mostly 
Sweden (Maijala, 1976), studies on the heritability of 
fertility traits (Humblot and Denis, 1986) suggested that 
genetic selection for milk yield could be partly 
responsible for the decline in reproductive performance. 
These results were confirmed and much documented 
from further studies demonstrating strong negative 
genetic links between milk production traits and 
reproductive traits in all French dairy breeds (Boichard 
and Manfredi, 1994; Ducrocq et al., 2008). This led to 
develop a genetic evaluation based on fertility and other 
functional traits, which was routinely used in France 
since year 2000 and helped to adjust breed selection 
objectives. 

In most European countries, genomic selection 
has now been implemented for about 10 years. It is well 
established that genomic selection especially due to 
increased precision is much more efficient than former 
selection from quantitative genetics to orientate 
favourably reproductive traits or other traits with low 
heritability (Barbat et al., 2010). Considering selection 
objectives which are more balanced than in the past, this 
could lower considerably the decrease in reproductive 
performance observed these last decades in most dairy 
breeds or even lead to some recovery (Barbat et al., 
2010, Le Mezec, 2017). However, in countries where 
the use of FTIA protocols is very frequent, there is also 
a risk to select cows for their responsiveness to oestrus 
synchronization treatments instead of selecting for more 
physiological fertility traits (Lucy, 2001). Despite a 
more balanced selection, dairy farmers will have to deal 
with individuals producing more and more (Britt et al., 
2018) and all problems related with high production are 
far from being solved. Although improvements in diets 
and management of feeding takes place there is still 
strong individual variations in the way the cows are 
dealing with the metabolic challenge they are faced too 
(Bedere et al., 2017; Mellouk et al., 2017; Ntallaris et 
al., 2017). Responses to lactation and feeding are 
associated to huge differences between individuals in 
changes in Negative Energy Balance, body condition 
and fat mobilization (Mellouk et al., 2017; Ntallaris et 
al., 2017). Effects of energy restriction on reproductive 
performance due to excessive fat mobilization can be 
even more pronounced in suckled beef cows (Grimard 
et al., 1995, 1997). Understanding these issues may help 
to find solutions to lower the amplitude of these changes 
during the postpartum period. This may lead in turn to a 
better control of the reestablishment of ovarian activity 
and overall reproductive performance. In this 
perspective, the impacts of fat mobilization on 
inflammatory processes and sensitivity to post-partum 
diseases such as endometritis (Wathes et al., 2009; 
Valour et al., 2013) are major issues but practical 
diagnostic tools are still missing. Such tools are needed 
to diagnose cows with sub-clinical inflammation, decide 
if AI is appropriate or not and define alternative 
therapies. In addition, such markers will give the basis 
for new phenotypes to be used in future selection 
programs with the objective to produce more robust 
animals, not only for reproductive traits but also for 
resistance to diseases. 
 

Embryo technologies 
 

The development of embryo based 
biotechnologies started in the 70’s. The use of MOET’s 
(Multiple Ovulation Embryo Transfer) programs 
became very popular and the proportion of bulls 
favourably tested issued from embryo transfer and used 
massively as AI sires, increased very quickly to reach 
about 90% before the development of IVF-IVP (in vitro
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fertilization- in vitro production) occurring in the 90’s. 
The technical developments of in vivo embryo 

transfer, which took place during these 20 years have 
been reviewed by Ponsart et al., 2004. Superovulation 
protocols included initially the use of eCG (equine 
Chorionic Gonadotrophin), which has been replaced 
successfully by FSH in the 80’s (Nibart and Humblot, 
1997a). Crucial improvements occurred with the use of 
non-surgical techniques for collection and subsequent 
transfer of embryos together with the optimization of 
freezing protocols ultimately allowing routine use of 
direct embryo transfer which was thus performed as an 
ordinary AI. The development of procedures insuring 
the quality of field work and the safety of conditioning 
fresh and frozen embryos made embryo transfer the 
safest way to exchange genes as reviewed by Thibier 
2001, 2011. I contributed marginally to these first 
improvements, the corresponding work from our group 
being performed mainly by M Nibart who was 
coordinating the activities of embryo transfer 
technicians in France and established first strong 
connections with Brasil (Nibart et al., 1997) where the 
success of the technique became exponential. In 
commercial groups in France, as well as in other 
countries in Europe mean pregnancy rate close to 60% 
were easily achieved after on-farm non surgical transfer 
of single fresh embryos (Nibart and Humblot, 1997b; 
Ponsart et al., 2004). Embryo sexing became 
considered, to better target the use of embryo transfer 
either for the benefit of the farmer who wanted new 
female calves of a high genetic merit or to provide male 
calves as future sire candidates for breeding companies 
(Thibier and Nibart, 1995). The success of embryo 
development following biopsy and achieving 
pregnancies from frozen and biopsied embryos became 
critical (Lopes et al., 2001). Pregnancy rates over 60% 
were rapidly obtained by different groups following the 
transfer on farm of fresh biopsied in vivo produced 
embryos (Lacaze et al., 2008; Ponsart et al., 2008) and 
later on similar percentages were reported following use 
of frozen biopsied embryos either on farm or in station 
(Gonzalez et al., 2008). 

IVF-IVP and subsequent embryo based 
technologies such as cloning have been reviewed very 
nicely and extensively by C. Galli (AETE pioneer 
award 2017). As it would be inappropriate and vain to 
develop the matter with a similar approach, we will 
focus here on the practical issues we did try to address 
with the group in the Research and Development 
department of UNCEIA (Union Nationale des 
Coopératives d’Insémination Animale). The advantages 
and some of the questions raised by the use of these 
technologies and emerging ones in selection schemes 
especially in relation with genetic variability will be 
discussed. 

Improving  the quality of oocytes and embryos 
 

While postpartum dairy cows meet a more or 
less pronounced status of negative energy balance 
(NEB), investigations performed in donor cow and 
heifers revealed that these do not usually suffer from 
energy deficit (Humblot et al., 1998). On the contrary, 
embryo donors were very frequently overfed and 
present high concentrations of glucose and insulin 
associated to a high Body Condition Score (BCS). Due 
to positive effects on follicular growth, these 
characteristics may be favourable to the superovulatory 
response but not necessarily to fertilization and early 
embryo survival. In donor cows with high BCS, the 
number of unfertilized oocytes was increased (Humblot 
et al., 1998). Superovulated dairy heifers submitted to a 
high growth rate presented high concentrations of 
insulin (Freret et al., 2004) and blastocyst development 
following repeated OPU (Ovum Pick up) and IVF was 
decreased when compared to restricted ones (Freret et 
al., 2006). This led to the concept that a transient 
increase of energy could be favourable to follicular 
growth and superovulatory response whereas constant 
exposure to high energy may affect negatively 
fertilization and early embryonic development 
(Humblot et al., 2008; Garnsworthy et al., 2009). 

It was confirmed later on, that exposure of 
restricted donor heifers to a transient increase in energy 
brought by propylene glycol which increased insulin 
levels, improved the superovulatory response and the 
production of high quality embryos (Gamarra et al., 
2015). Although the full mechanisms by which such 
effects are induced is still to be deciphered, the 
favourable changes observed could be related to 
restoration of critical gene expression of the IGF system 
in follicles associated to epigenetic effects in blastocysts 
(Gamarra et al., 2018). There is still issues to be solved 
while making the above diets attractive for donors and 
their use practical. If successful, they may be applied 
also more extensively in dairy or beef cows for which 
energy supply is often a limitation (Grimard et al., 1995, 
1997). The positive effects of improved diets could be 
used to optimize the results of MOETs or OPU-IVP 
programs through more “personalized approaches” 
when implementing superovulation protocols or even 
before AI. Similarly, the measurement of anti-Müllerian 
hormone (AMH) which helps to predict an animal's 
response to superovulation (Rico et al., 2009; Mossa et 
al., 2017), may be used to individualize treatment 
protocols. This is probably more promising than 
implementing selection on this phenotype that would 
result in a drastic reduction of families in selection 
schemes detrimental to genetic variability.  
 
Embryo technologies and selection 
 

At the same time we tried to improve 
reproductive technologies and control better the factors
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influencing the success of superovulation, in vivo and 
vitro production, pregnancy rates after embryo transfer 
as fresh or frozen, work was done on the concept of 
assembling different techniques for the sake of genetic 
selection and later on in the emerging context of 
genomic selection. These efforts were both, technically 
and politically driven. Our work was supported by 
breeding companies, thus, demonstrating the advantages 
of the different embryo based biotechnologies for 
selection purposes was a major concern mixed with the 
necessity of making embryo based techniques 
economically sustainable. Although being reproductive 
physiologists, our “Credo“ was; Genetic progress: 
 
Δg  = 

Generation interval 

(selection pressure x precision x genetic variability) 

We had to consider how reproductive 
biotechnologies could serve each of the terms of this 
basic equation. This was not so simple as for instance 
selection pressure and the possible resulting genetic 
variability of a given trait are antagonistic. Also, as 
mentioned before, due to negative genetic correlations, 
selecting exclusively for a given trait would be 
detrimental to other traits in a very “efficient” way (this 
has been demonstrated from the example of milk 
production and reproductive traits). The practical cost of 
the techniques was an additional parameter conditioning 
our activities and the respective development of each 
embryo based technologies. Due to this combination of 
constraints, the different techniques were more or less 
affected by the evolution of genetic selection and the 
environment of the milk market. In France and more 
generally in Europe, AI and in vivo embryo transfer 
were well implanted, considered as robust and not too 
expensive under well established routines. Implemented 
by AI technicians/or specialized ones their application 
by the breeding companies was not put into question. 
On the contrary, although significant improvements in 
embryo production related to oocyte maturation 
(Humblot et al., 2005; Lequarre et al., 2005), culture 
systems (Menck et al., 1997; Guyader Joly et al., 1998; 
Holm et al., 1999, 2002) and embryo freezing (Vajta et 
al., 1997, 1999; Guyader Joly et al., 1999; Diez et al., 
2001) have been achieved, IVF-IVP technologies were 
chronically and sometimes acutely seen as expensive, 
not always reliable or not efficient enough. In the 
context of genetic schemes, using males of a high 
genetic merit, not necessarily among the most fertile 
ones was mandatory. Despite efforts were made to 
customize the in vitro production system, especially 
fertilization steps (Marquant Le Guienne et al., 1990; 
Marquant Le Guienne and Humblot, 1998), the direct 
effect of the bull on fertilization and early development 
rates as evoked above in the context of AI, represented 
often (and still represents) an additional limitation for 
the production of viable embryos. In addition, the need 
for consistent investments, both in terms of facilities 

(laboratory and station) and personnel, made them 
regularly criticized. Despite strong advantages 
especially in terms of generation interval and genetic 
variability were seen (Humblot et al., 2010; Humblot, 
2011) they did not balanced sufficiently the above 
limitations in the hands of European “genetic drivers”. 
However, the economical situation and bases for 
marketing genetics were totally different in other parts 
of the world, especially South America and most 
particularly Brazil, where the growth of IVF-IVP 
techniques became exponential at the same time these 
were confronted to limitations in their development in 
Europe (the number of transfers with in vitro produced 
embryos were reduced by -33% between years 2003 and 
2004; Lonergan, 2004; Merton, 2005).  

Things started to change and a new era opened 
for embryo based biotechnologies with the emergence 
of the first generation of genomic selection. In the 
bovine species, the discovery of DNA regions where 
polymorphism was associated with phenotypic 
performance for traits of interest (QTL; Quantitative 
Trait Loci) was at the origin of the present revolution in 
the selection process. From 2000 to 2005 a few QTL of 
interest were available and the idea emerged to 
genotype embryos for those markers before transferring 
them with the main objective to increase selection 
pressure. This was the birth of the programme 
“TYPAGENAE” in which we planned to combine 
different embryo biotechnologies to perform genotyping 
on embryonic material (Le Bourhis et al., 2008, 2010; 
Humblot et al., 2010; Humblot, 2011). Due to the very 
limited amount of biological material available from the 
biopsy, it was planned to use biopsy culture techniques 
and cloning of blastomeres to satisfy the DNA 
requirements for typing. Although possible, such 
procedures where quite heavy to set up for a routine use 
and fortunately very quick improvements in DNA 
typing techniques allow bypass these steps. All the work 
previously done to improve the freezability of biopsed 
in vivo or in vitro produced blastocysts was valorized in 
this application (Guyader Joly et al., 2008). By the time 
the programme was initiated some advantages were 
found in terms of genetic progress (Humblot et al., 
2010). Surprisingly we observed that the efficiency of 
the technical steps were not among the major variables 
influencing genetic gain. The need for a high selection 
pressure and economical factors such as the price of 
heifers had more weight than any of the reproductive 
steps involved in the process. However this was found 
in the context of selection for a single trait. As selection 
for multiple trait is much more demanding in terms of 
genetic resources, it is likely that the efficiency of 
reproductive techniques would be more important in 
this context. By this time, it was clear that the 
progresses made in genomic selection (genomic tools, 
number of markers, genomic knowledge from 
parents/former generations, precision of the genetic 
estimation related to the size of reference populations) 
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increased the potential advantages of using embryo 
genotyping. The technique is now used by the major 
breeding companies in Europe and worldwide (Le 
Bourhis et al., 2010; Shojaei Saadi et al., 2014). Two 
years ago, the workshop organized on this topic 
(Association of Embryo Technology in Europe - AETE, 
2016) revealed that the major limitations were related to 
logistics i.e access to a typing center and delay of 
response. This technique is also easier to handle for 
breeding companies running field stations with OPU 
donors and recipients. In this context, the percentage of 
genotyped embryos is no more marginal, and reach 
today 40% of the total number of transfer performed by 
some selection units in Europe (S Lacaze, 2018; Auriva, 
Denguin, France; personal communication, AETE 
activity statistics 2017). Other benefits results from the 
systematic eradication of known genetic defects at an 
early stage. In the future, embryo genotyping may 
favours also the management of genetic variability 
through the optimization of the use of available 
recipients which is still a limiting factor in European 
conditions.   

There are many discussions today about 
emerging technologies susceptible to change completely 
the practices in genetic selection. Using methods 
derived from rodents (Brinster and Avarbock, 1994), 
advances in culturing cattle and pig spermatogonial 
stem cells (SSCs) have occurred over the past few years 
(Oatley, 2018). These cells have the capacity to 
regenerate spermatogenesis following transplantation 
into testes of a recipient male that lacks endogenous 
germline. There is still limitations in the proliferation of 
SSCs to provide sufficient numbers of cells for transfer 
into multiple recipient males. If successful, this ability 
could be exploited in livestock production as a breeding 
tool to shorten generation interval then enhancing 
genetic gain. Another possibility raised from the recent 
work of Bogliotti et al. (2018) would be to use 
embryonic stem cells as donors for nuclear transfer to 
produce blastocysts. Both types of techniques could be 
combined with gene editing to produce animals with 
close specific characteristics. The potential interest of 
Parental Allele Gene Editing (PAGE) for selection has 
been put forward a few years ago (Jenko et al., 2015). 
On the contrary, recent reports showed that the genetic 
gain allowed by gene editing would be quite low 
(especially if causal mutations corresponding to a given 
trait are not perfectly identified) and extremely costly 
(Simianer et al., 2018). It may be possible to overcome 
all technical issues one day or another. However it is 
very difficult to see how the intensive production from a 
limited set of donor animals induced by these 
technologies would not be detrimental to genetic 
variability. As its maintenance in the main dairy breeds 
is of a crucial importance today to insure the 
sustainability of dairy cattle productions (Colleau and 
Sargolzaei, 2011; Colleau et al., 2017; V. Ducrocq, 2018; 
INRA, Jouy en Josas, France; personal communication), 

it is unlikely, due also to the limitations of PAGE in the 
context of complex traits (Gao et al., 2017), that use of 
these new technologies will develop quickly in dairy 
cattle selection schemes. Nevertheless, it will be 
interesting to follow the development of these techniques 
and the place they may find for other types of productions 
and in other species. The social acceptability of these 
techniques should also be discussed in the future when 
considering the growing concern related to a more 
natural approach of breeding practices. 
 

Functional genomics in reproductive tissues 
 
Relationships between reproductive phenotypes and 
gene expression 
 

By the end of the 90’s, methods based on use 
of a limited set of informative genomic regions (initially 
a few QTLs, quantitative trait loci) were implemented in 
selection schemes (Meuwissen and Goddard, 1999). The 
promising results obtained in terms of genetic progress 
raised the need to enrich and refine the set of markers 
available. An agreement between breeding companies 
and the French national research funding agencies 
created a favourable environment to run genomic 
studies aiming at developing new methods and at 
identifying new markers for genomic selection. As other 
functional traits, reproductive traits were among the 
most difficult to select with conventional methods and 
thus were susceptible to benefit largely from genomic 
selection. This gave us the opportunity to initiate 
projects to relate phenotypic and genomic information 
in reproductive tissues. A QTL approach based on the 
registration of precise phenotypic information obtained 
in young bulls allowed the identification of 15 markers 
for sperm quality (Druet et al., 2009). As early 
embryonic mortality or lack of fertilization were major 
sources of poor fertility (see above #1) and due to the 
strong relationships existing between oocyte growth, 
maturation, the first cleavages and the success of 
subsequent embryonic development and maintenance of 
pregnancy (Lonergan et al., 1999; Sirard, 2001; Sirard 
et al., 2006; Lequarré et al., 2005; Humblot et al., 
2005), several projects aimed at studying oocyte quality 
and related gene expression (Pennetier et al., 2005). 
Putative markers were identified from extreme 
phenotypes (Guyader Joly et al., 2007) and differential 
gene expression in relation with oocyte maturation 
(Angulo et al., 2015). Benefits have been taken also 
from the experience obtained from the study of the 
sources of variation of reproductive performance 
(Grimard et al., 2006) to approach differences in 
fertility between progeny groups from a large data base 
and relate them to the existence of candidate mutations 
in Holstein cows (Ledoux et al., 2015). This work 
allowed the identification of one QTL for early 
embryonic mortality in the Prim’Holstein cow (Lefebre 
et al., 2011). 
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The results from these first functional studies 
on reproductive genomics had so far a marginal impact 
on genomic selection progressing mainly today from the 
use of a very large set of markers with whole genome 
approaches (V. Ducrocq, 2018; INRA, Jouy en Josas, 
France; personal communication). However, these 
projects helped to clarify the specific impacts of genetic 
variants on reproductive function (Coyral-Castel et al., 
2011; Ledoux et al., 2015). In other projects, attention 
was paid on the relationships between reproduction and 
metabolism. The ability of cows to be fertilized and 
sustain pregnancy was investigated through the study of 
the effects of diet on gene expression in the genital tract 
(Valour et al., 2013). As a continuation, we use the cow 
endometrium and in vitro models to study the impacts 
of metabolic and infectious stress on gene expression 
and pro-inflammatory response in the endometrium 
(Chanrot et al., 2017a, b; Guo et al., 2016; Piras et al., 
2017; Chankeaw et al., 2018). Together with others 
(Oguejiofor et al., 2015a,b; Salilew-Wondim et al., 
2016 ), these studies reveal that infectious stress alters a 
very large number of genes belonging to pro-
inflammatory, proliferative, metabolic and oxidative 
stress (over-expressed) and to cell structure and cell 
adhesion (under-expressed) pathways. Some of these 
changes have been documented in different cow models, 
but the above studies show that alterations of 
endometrial function concerns also a large number of 
genes involved specifically in maternal recognition of 
pregnancy (Cheng et al., 2017), immune-tolerance and 
implantation (Guo et al., 2016; Piras et al., 2017). Such 
studies bringing a more complete view of alterations 
induced by pathogens, pave the way for in vivo work 
and will probably be the source of alternative therapies 
in the future.  

In addition, some of the above studies confirm 
the links between metabolic imbalance and increased 
sensitivity to infectious stress through increased gene 
expression promoting pro-inflammatory reactions. 
Together with other approaches based on metabolomics 
(Munoz et al., 2014a, b) measurement of NEFA’s in 
milk (Martin et al., 2015) or other biomarkers (Adnane 
et al., 2017) they may allow developing predictive tools 
to evaluate the ability of cows to re-establish ovarian 
activity, be able to sustain pregnancy following AI or 
embryo transfer and increase success rates. 
  
The “renaissance” of Epigenetics and its potential for 
selection and precision medicine 
 

Different theories have been put forward with 
an evolutionary perspective. Among those the theory of 
Lamark (1744-1829) proposed a “soft adaptation” of 
species to their environment and possible transmission 
of induced changes to next generations. This theory has 
been debated for long but has taken over former 
criticism with the accumulation of scientific evidence 
obtained from examples showing the importance of 

transgenerational epigenetics (Haig, 2007). The concept 
that gene expression is controlled by epigenetic 
mechanisms and that DNA associated molecular 
patterns can be transferred to next generations is now 
well established (Segars and Aagaard-Tillery, 2009). 
The knowledge accumulated in that field based on the 
development of next generation sequencing 
technologies raises numerous common challenges to be 
addressed for public health and animal health. Humans 
and animals share a large number of diseases, for 
instance either metabolic diseases or those induced by 
pathogens. The occurrence and severity of diseases are 
often determined by the environment humans and 
animals are exposed to. There is now evidence that the 
development/severity of many diseases is linked to 
epigenetic mechanisms controlling for instance DNA 
accessibility to pathogens and improper immune 
response of host (Doherty et al., 2016). The fact that 
some of the mechanisms initiating the development of 
metabolic, cardio-vascular or neurological diseases are 
taking place during the peri-conception period is now 
largely documented (Van Soom and Fazeli, 2015; Fazeli 
and Holt, 2017; Ord et al., 2017). This put the maternal 
environment and more generally reproduction in a 
central place and associated knowledge particularly 
critical for public and animal health. The involvement 
of epigenetic mechanisms in the development of 
diseases represents already a huge field of research in 
the human species. Animals are intensively used as 
experimental models or often as sentinels in the case of 
wild life to evaluate the impact of the environment on 
diseases (Guillette et al., 2016). However, there are 
many fields where specific research made in animals 
(including livestock species), can contribute to improve 
animal productions and welfare. Progresses made in the 
description of animal genomes and reduction of the 
costs, offers new opportunities to perform these studies 
and it can be foreseen that epigenetic studies will be the 
basis for new developments for reproductive physiology 
and biotechnologies. Obtained from models or taken 
from the environment, the identification of extreme 
phenotypes combined with use of genetic and epigenetic 
information allowed already the identification of critical 
set of genes and epigenetic marks associated to cell 
processes as altered responses to disease (Jhamat et al., 
2016). Although more complex such links can be 
established between the embryo and its environment 
either metabolic (Laskowski et al., 2018) and or induced 
by use of embryo technologies like cloning (Beaujean, 
2014; Sepulveda-Rincon et al., 2016) or embryo culture 
(Salvaing et al., 2016). Further steps include functional 
studies to validate the differences observed at the 
genetic and epigenetic levels and eventually the role of 
critical genetic variants that would be associated with 
increased risk to suffer from diseases. Due to the 
complexity of the mechanisms involved, especially the 
multiplicity of epigenetic marks and their respective 
roles, it will take time to integrate epigenetics in
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selection schemes but its  association with genomic 
information can be anticipated (Britt et al., 2018; V. 
Ducrocq, 2018; INRA. Jouy en Josas, France; personal 
communication) especially in the field of resistance to 
disease. There are also emerging fields such as inter-
cellular communication through extra-cellular vesicles 
(Hwang, 2013). New knowledge about the molecular 
and especially the epigenetic signals they vehicle, will 
bring substantial improvements in the diagnostic and 
therapy of diseases (Giebel et al., 2017) and probably be 
the source of critical information for embryo survival 
(Rizos et al., 2017). 
  

Conclusions 
 

This retrospective and present developments in 
genetics biology, developmental biology and 
reproductive techniques raise a lot of questions in many 
different fields. It is not possible at the moment to give 
the right answers for most of them. However there is no 
doubt that these questions are very critical for future 
generations especially in Livestock species due to the 
weight of human decisions and the acceleration in the 
selection process associated to genomic selection. 
Reproduction and reproductive technologies will go on 
to play a central role as their efficiency is a key element 
to preserve genetic variability. New technologies such 
as genome editing or reproduction techniques based on 
germinal cells of a few individuals to shorten generation 
interval are tempting for the breeding industry. On top 
of technical limitations and high costs, there is a big risk 
that they will increase dramatically consanguinity thus 
altering many other traits such as reproductive 
efficiency. It is not risky to predict that phenotyping will 
go on to progress and this will be very positive to 
facilitate the selection for new traits important for 
animal health and or the environment. As part of the 
picture, although still rather complex to obtain due to 
limitations of the bovine genome, the integration of 
epigenetic data in selection schemes is promising 
especially for traits such as resistance to diseases. 
Reproduction and especially embryo developmental 
biology stands in the central place to approach the 
epigenetic mechanisms translating the impact of the 
environment on individuals especially at time of peri-
conception which induce the development of physio-
pathological processes leading to diseases.  Strong 
limitations still exist when approaching for instance 
reproductive diseases or the impact of the environment 
on reproduction from molecular studies generating huge 
amounts of data to be integrated. The end of this 
reproductive journey revealed the need to reinforce the 
tiny links between the communities of reproductive 
physiologists, molecular geneticists, bio-informaticians 
and bio-statisticians to investigate arising problems with 
common translational approaches.  
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Abstract 
 

The ablation (KO) or targeted insertion (KI) of 
specific genes or sequences has been essential to test 
their roles on a particular biological process. 
Unfortunately, such genome modifications have been 
largely limited to the mouse model, as the only way to 
achieve targeted mutagenesis in other mammals 
required from somatic cell nuclear transfer, a time- and 
resource-consuming technique. This difficulty has left 
research in livestock species largely devoided of KO 
and targeted KI models, crucial tools to uncover the 
molecular roots of any physiological or pathological 
process. Luckily, the  eruption of site-specific 
endonucleases, and particularly CRISPR technology, 
has empowered farm animal scientists to consider 
projects that could not develop before. In this sense, the 
availability of genome modification in livestock species 
is meant to change the way research is performed on 
many fields, switching from descriptive and 
correlational approaches to experimental research. In 
this review we will provide some guidance about how 
the genome can be edited by CRISPR and the possible 
strategies to achieve KO or KI, paying special attention 
to an initially overlooked phenomenon: mosaicism. 
Mosaicism is produced when the zygote´s genome 
edition occurs after its DNA has replicated, and is 
characterized by the presence of more than two alleles 
in the same individual, an undesirable outcome when 
attempting direct KO generation. Finally, the possible 
applications on different fields of livestock research, 
such as reproduction or infectious diseases are 
discussed. 
 

Introduction 
 

Genome modification has been crucial to 
understand the molecular root of physiological or 
pathological processes. The ablation (knock-out, KO) or 
insertion (knock-in, KI) of specific genes or sequences 
have allowed to unequivocally assess the role of a 
specific gene product on a particular process, to assess 
the spatial and temporal expression of a gene or to 
modify its expression pattern, among other applications. 
KO generation requires targeted mutagenesis (i.e., the 
modification of the genome at a specific locus), and 
targeted KI (i.e., the insertion of a sequence at a specific 
locus) is also preferred to random KI. Most experiments 
involving KO or KI models have been carried out in the 
only mammalian species where targeted genome 
modification was easily achievable: the laboratory 
mouse. In this sense, although non-targeted 
mutagenesis, achieved by different means such as such 

as pronuclear injection (Hammer et al., 1985), 
transduction (Chan et al., 1998) or mediated by 
intracytoplasmic sperm injection (Shemesh et al., 2000) 
have been applied to farm animals, the only available 
method to achieve targeted mutagenesis, homologous 
recombination, was difficult to apply to livestock 
species. 

Homologous recombination (HR) is a genome 
modification technique based on an homonymous DNA 
repair mechanism that can be directed to insert a given 
sequence in a specific genomic locus. The main 
drawback of this technique is that the proccess is 
extremely inefficient, resulting in insertion rates below 
0.1 % (Brinster et al., 1989). This handicap can be 
bypassed by performing HR in Cell Cultures, where the 
few cells containing the intended modification after HR 
can be selected by introducing a selection cassette for 
resistance to a cytotoxic agent (Doetschman et al., 1988). 
Once the genetic modification has been introduced into 
the cell genome, there are only two possible strategies to 
obtain a genetically modified animal. The first method to 
be developed was the use of genetically modified 
Embryonic Stem Cells (ESCs) for embryonic 
aggregation. This strategy generates chimeric animals 
partly composed of genetically modified cells derived 
from the ESCs. By this approach, if the genetically-
modified ESCs-derived cells have formed germinal cells, 
the genetic modification could be transmitted to the 
offspring (Evans et al., 1985). The main limitation of this 
strategy was that it could only be applied to mice, as 
truly pluripotent ESCs –hence able to derive into 
germinal cells- could not be obtained in other species. 

The second approach to produce genetically 
modified offspring from genetically modified cells is to 
perform Somatic Cell Nuclear Transfer (SCNT). In this 
case, the genetically modified nucleus of a somatic cell 
(usually a fibroblast) is reprogrammed by the ooplasm 
of an enucleated oocyte, resulting in an individual 
entirely composed by cells containing the genetic 
modification (Schnieke et al., 1997). This method 
allowed site-specific genome modifications in livestock 
species, but its application was highly restricted due to 
several technical limitations. SCNT is a technique 
difficult to master and very inefficient, resulting in less 
than 5 % delivery rates (Wilmut et al., 1997; Kato et al., 
2000) and often yielding to developmental defects 
associated with deffective epigenetic reprogramming of 
the donor genome. Furthermore, the donor somatic cells 
used for HR are mortal, unlike ESCs, so they can 
senescence over the multiple passages required to 
perform the genetic modification, leading to the loss of 
the transgenic cellular line or in even lower embryo 
developmental rates following SCNT. 
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The technical constraints associated to targeted 
mutagenesis in farm animals have restricted the myriad 
of applications of genome modification in these species. 
Luckily, the advent of targeted mutagenesis techniques 
based on site-specific endonucleases has unleased the 
potential of genome editing in livestock species. 
Genome edited animals have been produced by different 
site-specific endonucleases such as Zinc-Finger 
Nucleases (ZFN) (Geurts et al., 2009; Whyte et al., 
2011), Transcription Activator-Like Effector Nucleases 
(TALEN) (Tesson et al., 2011; Carlson et al., 2012) and 
Clustered Regularly Interspaced Short Palindromic 
Repeats (CRISPR) (Shen et al., 2013; Wang et al., 
2013), but due to the ease of use and flexibility, 
CRISPR has become the most popular method. 
 

Mutagenesis induction by CRISPR 
 

CRISPR technology has its origin on an 
adaptive immune system from prokaryotes which retain 
memory of past viral exposures by storing short 
fragments of the viral DNA (Mojica et al., 2005). 
Between the diverse CRISPR system existing in nature, 
several class II systems have been adapted for genome 
editing in eukaryotes (Ran et al., 2015). The most 
commonly used system derives from the type II 
CRISPR system of the bacteria Streptococcus pyogenes, 
and it is composed by a Cas9 protein (CRISPR 
associated nuclease) and a sgRNA (single-guided RNA, 
which directs Cas9 to the target site, composed by 20 
nucleotides followed by –NGG) (Jinek et al., 2012). 

CRISPR, as other site-specific endonucleases, 
is able to find its particular target across the genome and 
induce a DNA double stranded break (DSB) at that 
locus. In this sense, CRISPR per se does not generate 
any mutation, the mutation is actually generated by the 
endogenous DSB repair mechanisms of the eukaryotic 
cell. Eukaryotic cells mainly repair DSB by one of two 
mechanisms: Non-Homologous End Joining (NHEJ) or 
Homologous Recombination (HR). The editing process 
is dynamic, as CRISPR remains active after one repair 
mechanism has fixed the DSB (Figure 1). In this sense, 
if the repair mechanism has reconstituted the CRISPR 
target site or it has only slightly modified it, CRISPR 
will recognize the repaired site and generate a DSB 
again. The cycle will continue until CRISPR activity 
ceases or a modification in the target site impedes 
CRISPR recognition and thereby DSB generation. 
NHEJ is an error prone mechanism that often introduces 
or deletes bases (insertion/deletion, known as indel) at 
the DSB in the repair process (Moore and Haber, 1996), 
thereby producing mutated sequences that are not 
recognized by CRISPR. In contrast, HR uses another 
DNA molecule as template (Orr-Weaver et al., 1981) 
and thus, in the absence of any exogenous DNA, it 
reconstitutes CRISPR target site. Therefore, if CRISPR 
remains active after HR repair, it will reproduce the 
DSB on the repaired site. In contrast, if a template for 
homologous recombination able to modify CRISPR 

target site is provided (Capecchi, 1989), this mechanism 
could be used to introduce DNA sequences at specific 
loci (KI). 
 

CRISPR for KO generation 
 

The indels generated by NHEJ are the most 
common way to generate a KO by CRISPR. For this 
aim, CRISPR components are directly injected into a 
zygote, and CRISPR target site should be located at the 
beginning of the Open Reading Frame (ORF) of the 
target gene. On that region, if the indel generated is not 
multiple of three, it will originate a disruption of the 
ORF (frame-shift mutation), leading to a truncated and 
non-functional peptide (i.e., a KO allele). However, as 
indels are randomly generated, some will be multiple of 
three, resulting in the insertion or deletion of few 
aminoacids, but leading to a probably functional protein 
(Figure 2). In other words, although virtually 100 % 
gene editing efficiency can be achieved, 100 % KO 
generation is statistically unachievable, as some of the 
indels generated will be multiples of 3 and thereby will 
not disrupt gene translation. In this context, genotyping 
strategy should be able to detect all indels (alleles) 
generated on a given individual, as solely individuals 
containing only frame-disrupting indels can be 
considered as KO. 

A strategy to increase the percentage of KO out 
of edited embryos may be the use of multiple guides for 
the same gene (Wang et al., 2015b; Chuang et al., 2016; 
Wang et al., 2016a; Wang et al., 2016b; Vilarino et al., 
2017). Multiple guides lead to multiple DSB that may 
result in either the deletion of a large fragment within 
them, which may include the start codon, or in the 
alteration of the ORF at different points. However, this 
strategy holds several drawbacks: 1) the indel generated 
on downstream DSB may reconstitute again the ORF 
disrupted by a first indel, resulting only in an alteration 
of the fragment between both DSBs, leading to a 
partially modified protein with unpredictable 
functionality, which contrasts with the neat and simple 
alleles generated with a single target; 2) for the same 
reason, the genotyping is more complicated and difficult 
to interpret; and 3) it increases the chances of offtarget. 

As it will be discussed below, one of the main 
advantages of CRISPR over HR is that it allows the 
direct generation of KO individuals by direct injection 
of CRISPR components into a zygote. Due to the low 
efficiency of the technique, HR achieves monoallelic 
modifications in either ES or fibroblasts, resulting in 
heterozygote founders that need to be crossed to obtain 
a homozygous KO. The generation of a KO individual 
in one step (i.e. homozygous KO on F0 generation) is 
particularly useful to understand the role of specific 
genes during embryo development and it is extremely 
important to reduce the number of generations required 
to produce a KO animal in livestock species, where, in 
contrast to mice, generation times can be counted by 
years, rather than by months. 
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Figure 1. Dynamics of DSB repair by endogenous eukaryotic mechanisms (NHEJ or HR). Repairment by NHEJ 
often results in indels at the target site that impair CRISPR recognition. In contrast, repairment by HR reconstitutes 
the CRISPR target site unless a recombination template containing a target-disrupting insertion is provided. The 
reconstitution of the CRISPR target site leads to a new DSB at the repaired target unless CRISPR activity has 
ceased. 
 
 
 

 
Figure 2. Examples of indels generated by CRISPR at the beginning of the coding region of rabbit ZP4 gene. Wild-
type, frame-disrupted and in frame alleles are shown. For each allele, aminoacid sequence is depicted in big letters 
that match the codons situated below, start codon (ATG) is underlined and CRISPR target site is marked in bold 
letters. On the frame-disrupted allele, a insertion of a single base (red T) disrupt the aminoacid sequence beyond that 
point. In contrast, a in frame indel consisting in a 9 bp deletion only eliminates 3 aminoacids, leaving the rest of the 
sequence unaltered.  
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Mosaicism impairs direct KO generation by 
CRISPR 

 
In the context of random generation of indels 

by NHEJ, a reduction in the number of alleles generated 
in a given individual is desired to obtain KO 
individuals: the more alleles an individual harbours, the 
less probable will be that all of them are frame-
disrupting. Ideally, indels should be generated at the 
2n2c stage, resulting in 2 alleles. However, DNA 
replication occurs soon after fertilization in most species 
and thus genome edition may occur after DNA 
replication (2n4c), resulting in more than 2 alleles (Figure 
3). This is phenomenon is called mosaicism, as it results 
in mosaic individuals composed by more than one cell 
population. Mosaicism was initially overlooked, as it is 
not a common problem in the generation of murine KO 
models (Bermejo-Alvarez et al., 2015), but most of the 
publications that have performed allele screening 
following CRISPR direct injection in zygotes have 
observed mosaicism in different species such as pigs (Hai 
et al., 2014; Sato et al., 2015; Wang et al., 2015c; 
Chuang et al., 2016; Kang et al., 2016; Petersen et al., 
2016; Yu et al., 2016; Zhou et al., 2016; Burkard et al., 
2017; Park et al., 2017; Whitworth et al., 2017), goats 
(Wang et al., 2016a), sheep (Crispo et al., 2015; Wang et 
al., 2016c; Vilarino et al., 2017; Zhang et al., 2017), 
cattle (Bevacqua et al., 2016) and rabbits (Yan et al., 
2014; Honda et al., 2015; Guo et al., 2016; Lv et al., 
2016; Song et al., 2016a; Song et al., 2016b; Sui et al., 
2016; Yang et al., 2016; Yuan et al., 2016).  

Although it was initially overlooked, the 
appearance of mosaicism is not surprising given that in 

most of the cases, conventional IVF or in vivo protocols 
used to collect zygotes for microinjection obtain them at 
or close to the 2c4n state, which obviously results in at 
least 4 alleles following edition. In the case of bovine, 
conventional IVF co-incubates oocytes and spermatozoa 
for ~20 h (Parrish et al., 1986), while DNA replication 
has been reported to occur between 8 and 18 hours post-
insemination (Eid et al., 1994). The time of gamete co-
incubation used in bovine is roughly similar to those 
employed in sheep and goats, where pronuclear 
formation, which precedes DNA replication, occurs 
even earlier than in bovine (Mogas et al., 1997; Gomez 
et al., 1998). Pig IVF zygotes are usually obtained after 
a short 5-6 h gametes co-incubation aiming to reduce 
polyspermy, whereas according to studies performing 
sperm injection (ICSI) the onset of S-phase occurs ~10 
h after injection (Kim et al., 2003). However, pronuclei 
formation is delayed about 4 h in ICSI-derived embryos 
(Kim et al., 2003) compared to IVF-derived 
counterparts (Matas et al., 2003), and thus porcine 
zygotes may be at or very close the onset of DNA 
replication right after IVF. Similarly, in vivo porcine 
zygotes are usually collected at 52-60 hours post-hCG 
and DNA replication has been reported to occur 
between 56-60 h post hCG (Laurincik et al., 1995). 
Rabbit zygotes are fertilized at ~14 hours post-mating 
(Pincus and Enzmann, 1932) and replicate its DNA 3-6 
h after sperm penetration (Oprescu and Thibault, 1965; 
Szollosi, 1966). Although it is unclear how long the 
genome editing mediated by CRISPR combined to the 
definitive repair of the DSB lasts, it seems that 
strategies focussed on an earlier delivery of CRISPR 
components may help to reduce mosaicism. 

 

 
Figure 3. Possible outcomes following CRISPR microinjection into zygotes and NHEJ repair: a) If the DSBs and 
their definite repairs occur before DNA replication, at the 2n2c stage, 2 indels (alleles) are generated; or b) If DNA 
has been already replicated (4n4c), CRISPR edition generates 4 alleles that seggregate following first cleavage, 
leading to two populations of blastomeres harbouring 2 alleles each. 
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CRISPR for KI generation 
 

Targeted insertion of a given sequence can be 
achieved by homologous recombination (Orr-Weaver 
et al., 1981), which alone (i.e. limited to the 
incorporation of a sequence containing homology 
arms) is a very inefficient technique (Brinster et al., 
1989) that requires the use of an intermediary (ESCs 
or fibroblasts cultures) to generate a genetically 
modified animal (Doetschman et al., 1988; Schnieke et 
al., 1997). However, when a DSB is produced at the 
HR target locus, the efficiency of HR is improved by 
>1000 fold (Moehle et al., 2007). Under this improved 
efficiency, the insertion can be directly achieved by 
co-injecting a HR template and CRISPR components 
in zygotes, especially when the insert size is small 
(Yang et al., 2014). However, in farm animals the use 
of fibroblasts as intermediaries followed by SCNT 
remains being the most commonly used strategy to 
generate KI animals, as it ensures that all animals 
generated will carry the intended mutation. For this 
purpose, the combination of CRISPR+HR template has 
become the method of choice over HR alone, as the 
boosted HR efficiency also facilitates genome 
modification in cell cultures. 

The repair template can be double or single-
strand DNA (dsDNA or ssDNA). ssDNA often result in 
higher editing efficiency with reduced random 
insertions (Ran et al., 2013b), but circular vectors are 
also effective and convenient to introduce long inserts 
and homology arms (Yang et al., 2014). As previously 
mentioned, an essential requisite of the HR template to 
be used combined with CRISPR is that the insertion 
should disrupt CRISPR recognition site, as otherwise, 
CRISPR will reproduce the DSB at the reconstituted 
target site. This can be difficult to achieve when single 
nucleotide modification is intended, as it can be the case 
for the introgression of a SNP.  

A strategy employed for KI generation is the 
use of nickase, a mutant form of Cas9 that only 
produces a break in one strand (Ran et al., 2013a). For 
this purpose, nickase should be co-injected with two 
sgRNAs (one for each strand), which, in contrast to 
Cas9, leaves long 5´overhangs that may benefit HR, 
although not clear consensus has been reached about its 
putative increased efficiency over conventional Cas9. 
Another aspect that can be modified from the KO 
generation protocol is that, as double insertion may be 
difficult to achieve, the generation of mosaics may be 
beneficial, as it increases the chances of generating a 
founder with at least 1 allele harbouring the insertion. 
Other strategies to improve HR efficiency include the 
use of NHEJ inhibitors such as SCR-7 (Singh et al., 
2015) or HR activators as RS-1 (Song et al., 2016a). 

The insertion of a particular sequence at a 
specific locus allows precise reporter experiments using 
the endogenous promoter/s and enhancer/s or the 
endogenously controlled expression of a transgene, 
among others, but can also be used to generate KO 
models. For this purpose, a stop codon can be inserted at 
the beginning of the ORF of a gene. This strategy holds 
the advantage over conventional KO generation by the 

random NHEJ-created indels of being easier to 
genotype, as a restriction enzyme site can be introduced 
along the stop codon, which allows a sequencing-free 
identification of the founder offspring. HR can also be 
used to introduce loxP or FRT sites flanking a target 
exon for the conditional ablation of genes by Cre-lox 
(Orban et al., 1992) or FLP-FRT (Buchholz et al., 1998) 
recombination systems.  
 

Applications of CRISPR in livestock research 
 

Genome modification in farm animals holds a 
myriad of applications on different fields, including the 
production of therapeutic proteins (Spencer et al., 2005; 
van Veen et al., 2012; Sheridan, 2016), the generation 
of biomodels for human diseases (reviewed by 
Whitelaw et al., 2016), the creation of animal organs 
less prone to rejection after transplantation (reviewed by 
Whyte and Prather, 2011), the development of human 
organs generated into an animal host (Wu et al., 2017), 
or, maybe the closest applications to the farm: the 
improvement of productive rates, animal products, 
animal health or the environmental impact of farming 
via genetically modified livestock (reviewed by Lamas-
Toranzo et al., 2017). However, the latter applications 
are currently stopped by a ban (or lack of approval) of 
animal products derived from any genetically modified 
animals (GMAs) for human consumption. Legislation of 
different countries is slowly adapting to the new 
scenario created by genome editing (reviewed recently 
by Van Eenennaam, 2018), and the classifications of 
GMAs into different types depending on the kind of 
genetic modifications performed could lead to different 
sets of requirements for approval (discussed in Lamas-
Toranzo et al., 2017). In any case, today CRISPR 
constitutes a powerful tool for research in livestock 
species, being readily able to generate knowledge 
applicable to non-edited livestock. 

As it has been previously explained, the 
benefits of genome modification in research have been 
largely limited to the mouse model, leaving livestock 
research devoid of KO or KI models. Although the 
knowledge generated by some KO or KI murine 
models can and has been applicable to some aspect of 
the physiology of livestock species, some processes 
such as some involved in reproduction, embryo 
development or infectious disease are highly species 
specific, impeding the extrapolation of data between 
species. Besides, CRISPR technology allows to 
unequivocally prove the role of a particular allele 
detected on a Genome-wide Association Study 
(GWAS) on productive traits, which may be helpful 
when population size or allele frequency is too small 
to drawn proper conclusions or to test whether such 
allele will produce a similar phenotype in other genetic 
background or species. Examples of alleles known to 
affect production that have been generated by CRISPR 
include myostatin KOs, which enhance muscular 
development in CRISPR-edited pigs (Wang et al., 
2015a), goats (Wang et al., 2015b), sheep (Crispo et al., 
2015) and rabbits (Lv et al., 2016); FGF5 KO in goats 
(Wang et al., 2016a), which improves cashmere
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production; and the POLLED allele introduced in 
horned bovine genetic lines (Tan et al., 2013).  

The direct generation of KO by CRISPR is 
particularly advantageous for its use on experiments 
aiming to elucidate the molecular aspects of embryo 
development, as it allows to restrict the ablation from 
the zygote stage onwards. This contrasts to the approach 
commonly used in murine KO models, where the low 
efficiency of HR alone or the lethal phenotype of the 
homozygous KO force the generation of homozygous 
KO embryos by the cross of heterozygous (wt/KO) 
parents (Evans et al., 1985). In this context, the gametes 
originating the KO embryos have been developed in 
haploinsuficiency (they are wt/KO and then wt or KO as 
meiosis progresses; Pattabiraman et al., 2015), which 
may lead to confusing conclusions about whether the 
gene disruption exerted its effect during gametogenesis 
or during early development. This is especially relevant 
when the gene of study is involved in stable and long 
term alterations such as epigenome remodelling (de 
Frutos et al., 2016). Apart from this advantage, which 
also applies to the mouse model, the direct generation of 
a KO embryo circumvents the need of genetically 
modified animals, as only wt gametes are required to 
produce KO embryos. Embryonic development in farm 
animals is known to greatly differ in terms of epigenetic 
events (Bermejo-Alvarez et al., 2010) and early lineage 
segregation determinants (Berg et al., 2011) to the 
mouse model. Particularly in ungulates, which accounts 
for the most relevant mammalian livestock species 
worldwide, the blastocysts does not attach after hatching 
as it occurs in rodents or humans. Instead, it undergoes a 
series of developmental events including early and late 
gastrulation in a period termed embryo elongation. 
These developmental processes are poorly understood 
and research on this area is particularly relevant to 
improve reproductive rates, as failures during this 
period account for most reproductive losses in pigs 
(Bennett and Leymaster, 1989) and cattle (Dunne et al., 
2000; Santos et al., 2004; Berg et al., 2010).  

Another field that can be greatly benefited 
from the use of GMA is the research on infectious 
diseases, especially given the high species specificity of 
several pathogens. Cattle with increased resistance to 
tuberculosis have been generated by CRISPR-mediated 
insertion of natural resistance-associated macrophage 
protein-1 (NRAMP1) (Gao et al., 2017). CRISPR has 
also been used to generate pigs resistant to African 
Swine Fever by the substitution of the porcine gene 
RELA for its orthologue from a closely related species 
that is resistant to the infection: the warthog (Lillico et 
al., 2016). Pigs resistant to the infection of the porcine 
reproductive and respiratory syndrome virus (PRRVS), 
a viral disease difficult to eradicate and responsible for 
major losses in the pig industry, have been generated by 
CRISPR (Whitworth et al., 2016). Although these 
models were generated thinking about a future use for 
human consumption, they already provide insights 
about the pathogenesis and entry ways of infectious 
agents that can be used to develop therapeutic or 
prophylactic treatments in conventional non-edited 
animals. 

Concluding remarks 
 

Genome editing in farm animals has been 
hampered by the inefficiency and difficulty of early 
techniques, based on HR combined with SCNT. This 
obstacle has deprived research in livestock species of 
the definite answers provided by KO models. The 
advent of site-specific endonucleases and particularly 
CRISPR, the easiest to tailor between them, is meant to 
inaugurate a new era in livestock research. This 
technology allows direct targeted genome modification 
in one step by a simple microinjection in zygotes, 
allowing to unequivocally know the role of a particular 
gene product on a given process. The novel affordability 
of KO and KI models for livestock research can 
improve the quality of scientific results, as it grants the 
exchange of descriptive and correlational approaches by 
experimental ones.  
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Abstract 
 

A detailed understanding of the cryobiology of 
gametes and complex tissues has led to the development 
of methods that facilitate the successful low temperature 
banking of isolated mature human oocytes, or immature 
oocytes in situ within fragments of human ovarian 
cortex. Although many outstanding research challenges 
remain to be addressed, the successful development of 
new treatments to preserve female fertility for a range of 
clinical indications has largely been underpinned by the 
conduct of extensive, fundamental research on oocytes 
and ovarian tissues from a number of laboratory and 
commercially important farm species. Indeed, the most 
recent evidence from large animals suggests that it is 
also possible to cryopreserve intact whole ovaries along 
with their supporting vasculature for later auto-
transplantation and restoration of natural fertility. This 
review will explore how the methods developed to 
preserve human oocytes and ovarian tissues can now be 
used strategically to support the development of 
conservation strategies aimed at safeguarding the 
genetic diversity of commercially important domestic 
animals and also of preserving the female germplasm 
for wild animals and endangered species.  
 
Key words: cryopreservation, fertility preservation, 
oocyte, ovary. 
 

Introduction 
 
In the last few decades, advances in 

cryobiology have been combined with the development 
of new assisted reproduction technologies (ARTs) and 
used as a means to cryopreserve the structural integrity 
and biological function of key reproductive cells. 
Translation of these research advances has resulted in 
the development of the capacity to cryopreserve and 
long-term store isolated gametes, embryos, complex 
gonadal tissues and even whole reproductive organs in 
humans and laboratory species as well as commercially 
important farm animal breeds and a limited number of 
exotic or endangered species. Indeed, the issue of 
fertility preservation is particularly relevant in animals 
as over the last two decades, some 300 of 6000 farm 
animal breeds have become extinct and a further 1350 
domestic breeds are being threatened with extinction as 
a result of aggressive animal breeding strategies using 
limited genetic stocks of animals of high merit for a 
range of economically valuable traits (Taberlet et al., 
2008).  

The standard method of fertility preservation in 

males whether humans or animals is the 
cryopreservation and storage of sperm (for review see 
Ehmcke and Schlatt, 2008). Similarly, since the first 
successful cryopreservation of embryos in laboratory 
species in the early 1970s (Whittingham et al., 1972) 
thousands of animal and human offspring have been 
born following embryo cryopreservation. With regard to 
oocytes, the recent development of improved methods 
and devices for the vitrification of isolated cells has 
increased the success rates of metaphase II (MII), 
oocyte preservation in humans (Rienzi et al., 2017). 
This technological advance has only had limited 
application to the oocyte preservation in animals due to 
a general lack of basic understanding of oocyte biology 
in different target species (Comizzoli, 2017). While 
sperm, oocytes and embryo preservation using ART are 
clearly effective, recent research focus has shifted to the 
preservation of gametes in situ either within fragments 
of ovarian and testicular tissue or following whole 
organ cryopreservation. Indeed, the banking of gonadal 
tissue is particularly valuable as a means of preserving 
fertility as in the case of the ovary the banked tissue 
may contain thousands of the earliest staged primordial 
follicles and oocytes. In contrast testicular tissue 
cryopreservation facilitates the banking of 
spermatogonial stem cells that can subsequently can be 
harvested and used to repopulate the testis and restart 
spermatogenesis (Picton et al., 2015). Although no 
standardized protocols exist for fertility preservation in 
any species, the preservation of gonadal tissues offers 
near unlimited potential for fertility preservation and 
restoration in humans as well as domestic and wild 
animal species. This review aims to provide an 
overview of the recent advances in human oocyte and 
ovarian tissue banking and how these clinical 
reproductive technologies can be used to support 
fertility conservation strategies in animals.  
 

Cryobiology and fertility preservation 
 

Cryopreservation is a multi-step procedure that 
requires that cells tolerate exposure to: molar 
concentrations of penetrating and non-penetrating 
cryoprotective agents (CPAs); cooling to subzero 
temperatures; and either removal or conversion of the 
greater majority of liquid water within the cells into a 
solid state. The reverse occurs during thawing or 
warming. Any of these elements can inflict damage on 
the cells to be preserved although the level and nature of 
the damage is dependent on the cryobiological 
properties of each individual cell type. With regards to 
the cryopreservation of complex tissues containing
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multiple cell types, such as the ovary, the success of 
cryopreservation is dependent on the need to balance the 
freezing optima for a range of different cell types which 
are influenced by cell number and size and, in the case 
of oocytes, maturational status, as well as the 
requirement to preserve the structural integrity of the 
tissue. Furthermore, the nature of the cryopreservation 
methodology, whether slow freezing or vitrification, the 
cooling and warming rates and the containment vessel 
used for tissue preservation and storage will all 
influence the efficacy of the preservation method and 
hence impact on the subsequent viability of the 
preserved tissue. Finally, the unique biological 
properties of oocytes challenge our potential to freeze-
store these important cells. Mammalian oocytes are very 
large cells of approximately 120 µm diameter with a 
small surface area to volume ratio and high lipid and 
water content. The latter confers a high sensitivity to 
chilling injury and intracellular ice formation. In MII 
oocytes these parameters are further confounded by the 
presence of a fragile cytoskeleton that is resistant to the 
volumetric excursions commonly associated with 
equilibrium freezing and a highly temperature sensitive 
meiotic spindle apparatus (Saragusty and Arav, 2011). 
These time-dependent sensitivities to chilling to 0°C are 
evident in MII oocytes from a range of species 
including mouse (Pickering and Johnson, 1987) rhesus 
monkey (Songsasen et al., 2002) and human (Pickering 
et al., 1990; Zenzes et al., 2001). Indeed, cooling 
oocytes to room temperature for even as little as 10 
minutes can cause irreversible damage to the meiotic 
spindle. Furthermore, chilling oocytes to 0°C in the 
presence of a CPA appears to exacerbate these 
abnormalities (Mullen et al., 2004).   

Despite these difficulties, significant advances 
have been made in our ability to cryopreserve MII 
oocytes in a range of species. The most convincing data 
on the efficacy of MII oocyte preservation is 
undoubtedly derived from human ART. Initial attempts 
to slow freezing human MII oocytes (Picton and 
Chambers, 2009) met with only limited success as 
evidenced by the key statistic of live birth rates per 
oocyte thawed (Oktay et al., 2006). Since then the 
efficacy of MII oocyte cryopreservation has increased 
dramatically with live birth rates following human MII 
oocyte vitrification by the best IVF clinics now being 
equivalent to those achieved during embryo freezing 
(Glujovsky et al., 2014; Rienzi et al., 2017). The 
improved efficiency of human MII preservation can be 
attributed to the development of optimized vitrification 
protocols that minimize the cells exposure to the 
cytotoxic impact of high concentrations of usually two 
or more CPAs including penetrating CPAs such as 
ethylene glycol and propanediol and non-penetrating 
CPAs such as sucrose or trehalose. Oocyte cooling rates 
during vitrification have also been maximized by the 
commercial development of specialized vitrification 
devices for use in ART that support the preservation of 
individual oocytes or small groups of cells within 
minimal volumes of cryopreservation reagents. As a 
result of these advances MII oocyte vitrification is no 
longer considered an experimental technique in human 

ART (Rienzi et al., 2017) and the approach is regularly 
used to preserve oocytes for young women who are 
undergoing infertility treatment, teenage girls or young 
women who need to safeguard their future fertility 
before exposure to the ablative cancer treatments, or 
more controversially, young women who wish to delay 
childbearing and elect to safeguard their future fertility 
by oocyte banking (Cobo et al., 2016). Regardless of 
species, it is clear that the success of oocyte 
cryopreservation is dependent on oocyte quality, a key 
parameter that is profoundly and negatively influenced 
by advancing maternal age (Goldman et al., 2017).  

While significant improvements have been 
made in human MII oocyte vitrification these methods 
have had only a limited impact on oocyte banking in 
animals over and above the laboratory and livestock 
species that are used as models for the development and 
testing of the human ART protocols (Wildt et al., 2010). 
Never-the-less encouraging results for MII vitrification 
have been obtained in some domestic species such as 
the cat (Fernandez-Gonzalez and Jewgenow, 2017) as 
well as some exotic species including for example the 
Tasmanian devil (Czarny and Roger, 2010) and 
Mexican gray wolf (Boutelle et al., 2011). While 
commonalities in the biophysical traits associated with 
cell freezing between taxonomically-related species 
may be useful to inform protocol development and 
support improved post-thaw viability across species, in 
general the similarities between taxa tend to be 
overshadowed by the magnitude of species specific 
differences in the ability of their oocytes to tolerate 
osmotic and toxic effects of CPA exposure and chilling 
injury (Woods et al., 2004). For example, felid oocytes 
appear far more tolerant to osmotic changes and cold 
temperatures than oocytes from bovids, cervids or 
equids that appear to be more sensitive to cold shock 
(Comizzoli et al., 2010, 2012). Overall the ability of 
MII oocytes to survive the freezing and thawing, or 
cooling and warming processes is highly variable and 
difficult to predict across species (for review see 
Comizzoli et al., 2012). Thus despite the advances that 
have been made with MII oocyte cryopreservation in 
humans, fundamental cryobiological investigations and 
further optimization of oocyte cryopreservation 
protocols combined with comparative studies across 
species are needed before MII oocytes cryopreservation 
can be used efficiently to preserve the fertility of wild or 
endangered animals, especially where the numbers of 
oocytes available for preservation are limited.   

Some of the difficulties associated with the 
cryopreservation of MII oocytes may potentially be 
overcome by the preservation of fully grown, but 
nuclear immature, germinal vesicle (GV) staged 
oocytes. However, this option has proved inconsistent 
and like the MII oocyte preservation detailed earlier, 
success rates appear to be influenced by species. In 
addition to rodent and ruminants, successful GV oocyte 
vitrification has recently been reported in equids (Ortiz-
Escribano et al., 2018) and domestic cats. The evidence 
suggests that GV oocytes appear to be more cryo-
resistant than their MII counterparts (Comizzoli et al., 
2008). Regardless of species, GV oocytes
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cryopreservation requires the freeze-storage of both the 
gamete and its supporting compliment of cumulus 
granulosa cells. The success of GV oocyte 
cryopreservation is critically dependent on the post-
thaw/warming maintenance of the functional integrity of 
the heterologous gap junctional contacts connecting the 
cumulus cells to the oocyte. This network of cumulus 
cells supply the oocyte with vital nutrients and signaling 
molecules that are essential to drive the cytoplasmic and 
nuclear maturation of the oocyte to the MII stage. 
Furthermore, cumulus cells have a discretely different 
cryopreservation optima compared to oocytes. The loss 
of gap junctional contacts between the cumulus cell 
compartment and the GV oocyte is a common casualty 
of the cryopreservation process such that both the 
capacity of the oocyte to under go in vitro maturation 
and its subsequent fertile potential and developmental 
competence are severely compromised. Finally, GV 
oocyte preservation must be supported by the provision 
of robust culture environments that support oocyte 
maturation in vitro. Insight into the discrete, species-
specific differences in the composition of the culture 
environment required to drive oocyte maturation will be 
needed to maximize oocyte quality after 
cryopreservation.  

Regardless of their stage of nuclear maturity 
secondary oocytes can be harvested in humans and other 
mammalian species by ultrasound-guided laparoscopy 
or by laparotomy. Controlled ovarian stimulation with 
exogenous hormones is frequently used to increase the 
number of appropriately staged antral follicles at the 
time of oocyte aspiration. Alternatively, secondary 
oocytes can be harvested by needle aspiration of antral 
follicles at any stage of the reproductive cycle following 
ovariectomy, or as a byproduct of surgical procedures or 
following the natural mortality of an animal.  
 

Ovarian tissue preservation 
 

Many of the biophysical challenges associated 
with preserving secondary oocytes can be avoided by 
the banking of immature primordial oocytes through 
ovarian tissue cryopreservation. Indeed, the biological 
characteristics of primordial oocytes are well suited to 
preservation since primordial oocytes are relatively 
undifferentiated and, in the case of humans, are 3-4 fold 
smaller in diameter than their secondary oocyte 
counterparts. Importantly, primordial oocytes represent 
the building blocks of female reproduction and, 
depending on age, the mammalian ovarian cortex is 
endowed with thousands to millions of primordial 
oocytes enclosed within primordial follicles (Picton, 
2001). The quantity and quality of the primordial 
follicles within this ovarian reserve ultimately defines 
the reproductive longevity and fertile potential of an 
individual. While our understanding of the mechanisms 
that regulate the activation of primordial follicle growth 
and hence depletion of the ovarian reserve is limited, 
especially in wild animals and there is considerable 
variability between species, ultimately the ovarian 
reserve represents the major germplasm resource that 
can be consistently and safely banked by wildlife 

reproductive biologists, veterinarians and clinicians 
alike as a means of safeguarding future fertility and 
maintaining genetic diversity.  

Strategies for ovarian tissue cryopreservation 
are predominantly centered around the preservation of 
primordial follicles in situ either within fragments of 
ovarian cortex or by banking the whole ovary. It is 
possible to freeze-store isolated primordial oocytes but 
in the absence of supporting ovarian stromal cells these 
presumptive gametes have only limited viability post 
thaw/warming. The efficacy of ovarian cryopreservation 
is dependent on: optimization of the cryopreservation 
protocol for the species of interest; the individual’s age 
at the time of tissue harvest and storage; the requirement 
to successfully preserve both the structural integrity and 
biological complexity of the tissue. Ovarian cortical 
tissue is comprised of functionally diverse cell types 
including immature GV oocytes, follicular somatic 
cells, stromal cells, blood vessels and the ovarian 
surface epithelium (Picton et al., 2000; Picton, 2001). 
All of these cell types have different cryopreservation 
optima and all play different but important functional 
roles in supporting the activation and completion of 
follicle and oocyte growth and as well as the 
maintenance of the ovarian reserve, whether in vivo or 
in vitro. Finally, strategies designed to successfully 
preserve the integrity and fertile potential of ovarian 
tissues and, conversely, to limit cryo-damage need to be 
developed in parallel with the methods to use the tissue 
to restore fertility following banking. Despite these 
challenges ovarian tissue cryopreservation have been 
optimized and used successfully for a range of species 
including mice, rats, rabbits, cats, dogs, sheep, goats, 
cows, pigs, horses, camels, wallabies, wombats, 
dasyurids, elephants, monkeys and humans (for review 
see Devi and Goel, 2016).  

The majority of methods used to cryopreserve 
ovarian tissue are based on the original validated slow 
freezing protocols developed for the successful 
cryopreservation of human ovarian cortex as published 
by Newton et al. (1996) and the associated publications 
and live births recorded in sheep by Gosden et al. 
(1994) and Baird et al. (1999). In general, ovarian 
cortex is harvested following ovary removal or ovarian 
biopsy and thin fragments of cortex are equilibrated in 
CPA before undergoing controlled rate cooling with 
manual ice seeding before the temperatures are brought 
down to -196oC and the tissue is stored at liquid 
nitrogen temperatures. There is now a substantial 
clinical evidence base to substantiate these early 
successes. Several thousand girls and young women 
worldwide have safeguarded their future fertility using 
ovarian tissue preservation methods. The most common 
indication for ovarian tissue banking is the need to 
preserve the future fertility of girls and women: who are 
at risk of premature ovarian failure (POF) following 
exposure to the ovotoxic impact of chemotherapy agents 
for the treatment of cancer (Gellert et al., 2018; Oktay et 
al., 2018) or other haematological pathologies such as 
sickle cell anemia (Demeestere et al., 2015) or beta 
thalassemia (Matthews et al., 2018); or who carry a high 
risk of POF for genetic conditions such as Turners 
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syndrome (Oktay et al., 2016); or who will suffer 
ovarian tissue damage and loss following abdominal 
trauma.  

The potential of the stored ovarian tissue to 
support fertility restoration when the individual wishes 
to start her family is demonstrated by the delivery of 
more than 130 healthy babies world wide after 
autotransplantation of the frozen-thawed tissue and the 
restoration of endocrine and ovarian function (Pacheco 
and Oktay, 2017) with more ongoing pregnancies being 
recorded. Although the overall efficiency of fertility 
restoration following ovarian tissue preservation and 
transplantation is unknown, recent evidence from 
defined cohorts of patients suggests a ~30% live birth 
rate after autotransplantation of slow frozen-thawed 
ovarian cortex, (Jadoul et al., 2017; Keden et al., 2018). 
When fertility preservation strategies require the 
removal of the whole ovary and it is age appropriate to 
do so, ovarian cortex harvest and cryopreservation can 
be most effectively combined with methods for in vitro 
maturation and vitrification of MII oocytes to maximize 
the likelihood of a future successful pregnancy outcome 
for the patient.  Although significant progress has been 
made in the development and use of ovarian tissue 
cryopreservation as a means to safeguard the future 
fertility of girls and young women at risk of POF, 
further optimization of the cryopreservation and 
transplantation protocols are likely to be beneficial as 
the longevity of ovarian autograft function following 
transplant remains unclear. The latter is likely to be 
determined by patient age at tissue harvest and by the 
degree of follicle loss that results from ischaemia and 
reperfusion injury following ovarian tissue 
transplantation.  Importantly, further research is also 
needed to define and mitigate against any potential risk 
of reseeding cancer cells through the transplanted 
ovarian tissues (Dolmans and Masciangelo, 2018). 

While the majority of successful live births 
have occurred following the slow freezing and 
autotransplantation of human ovarian tissues, recent 
evidence from a number of species, including women, 
suggests that it may also possible to preserve ovarian 
tissue by vitrification. Histological evaluations and 
assessment of the viability of oocytes grown in vitro 
from vitrified ovarian tissues have been published for a 
range of species including, for example, mouse 
(Tokieda et al., 2002; Migishima et al., 2003), sheep 
(Bordes et al., 2005) cow (Kagawa et al., 2009); goat 
(Santos et al., 2007, Carvalho et al., 2013); camel 
(Madboly et al., 2017) dog (Ishijima et al., 2006), non-
human primate (Santana et al., 2012) and human 
(Suzuki et al., 2015). Collectively these results suggest 
that it is possible to maintain tissue integrity and oocyte 
health following super cooling and warming. However, 
other studies are more skeptical about the suitability of 
vitrification for ovarian cryopreservation and have 
recorded increased necrosis in vitrified ovarian tissues 
(Rahimi et al., 2004; Gandolfi et al., 2006). Overall, at 
the time of writing it appears that the outcome of 
ovarian tissue vitrification is far more variable than slow 
freezing methods and considerable further research 
effort is needed to optimize and validate vitrification 

protocols before this approach can be considered a 
reliable method for the preservation for complex 
ovarian tissues. Furthermore, the risk of freeze fracture 
of vitrified samples during long-term tissue storage and 
compatibility/ potential risk of de-vitrification of 
samples during tissue bank audits and/or transportation 
remains to be proven.  

An alternative approach than can be used to 
maximize the preserved ovarian reserve whilst 
minimizing the potential for ischemic follicle loss 
following autografting is to cryopreserve and re-
transplant the whole ovary. This fertility preservation 
strategy involves the cryopreservation of not only the 
intact, whole ovary but also its supporting blood vessels 
(Martinez-Madrid et al., 2004; Baudot et al., 2007). 
Evidence to support the concept of the slow freezing 
and transplantation of whole ovaries and their 
supporting vasculature has been provided in sheep with 
the total restoration of natural fertility in all of the 
treated animals with 64% live birth rate following 
whole organ preservation and transplantation (Onions et 
al., 2009, 2013; Campbell et al., 2014).  
 

Lessons from human ART and tissue 
cryopreservation 

 
The development of strategies for human 

fertility preservation are informing the development of 
an equivalent agenda in animals. Valuable lessons can 
be learned from clinical ARTs and human fertility 
preservation programmes that can be applied to 
domestic livestock and also be used for the conservation 
of wild or endangered animals by the cryopreservation 
of sperm, oocytes and embryos and the preservation of 
intact gonadal tissues (Paulson and Comizzoli, 2018). 
Examples of exactly how the potential of bio banks and 
ARTs such as artificial insemination with cryopreserved 
sperm have been used successfully to save endangered 
animals are provided by giant pandas (Huang et al., 
2012), domestic and wild carnivores (Comizzoli et al., 
2009; Comizzoli and Wildt, 2012) and the black footed 
ferret (Howard and Wildt, 2009). In contrast to the 
successful use of sperm freezing, the recent progress 
made with human oocyte cryopreservation by 
vitrification has been far more difficult to translate to 
conservation programmes in animals due to a general 
lack of basic understanding of the complexity of mature 
oocyte biology and their cryo-sensitivity in different, 
target species (Comizzoli, 2017). Further collaborative 
research effort and cross species comparisons are 
clearly needed.  

The practice of ovarian tissue preservation is 
highly relevant to the maintenance of the genetic 
diversity in domestic animals including bovine, ovine, 
caprine, swine and equine species as well as in wild 
animals. Indeed, the development of ovarian tissue 
cryopreservation and fertility restoration strategies in 
humans have been underpinned by animal models of 
ovarian freezing. For example, the original proof of 
principle studies used to establish CPA toxicity and 
penetrability into ovarian tissues and to determine if the 
histology and function of these tissues could be retained
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following slow freezing were conducted in mice (Harp 
et al., 1994) and marmosets (Candy et al., 1995) as well 
as humans (Newton et al., 1998). The efficacy of 
ovarian tissue preservation methods have been 
evaluated by histological analysis of frozen-thawed 
tissue and by assessment of follicle and oocyte 
morphology post thaw/warming in animal tissues, e.g. 
in cattle (Gandolfi et al., 2006) and sheep (Chambers et 
al., 2010) or after short term culture and staining for cell 
viability and/or apoptotic markers (Chambers et al., 
2010). Furthermore, while sheep models of ovarian 
tissue cryopreservation and autografting provided the 
first definitive proof that cryopreserved ovarian tissue 
could be used to restore natural fertility with the 
production of live young in large animals (Gosden et 
al., 1994), live births has previously been reported in 
laboratory species including mouse (Parrot, 1960), rat 
(Wang et al., 2002) and rabbit (Almodin et al., 2004). 
Similarly, as detailed above the concept of the slow 
freezing and transplantation of whole ovaries and the 
supporting ovarian vasculature with the complete 
restoration of natural fertility has been demonstrated in 
sheep (Onions et al., 2009, 2013; Campbell et al., 
2014). Other comparisons of the efficacy of whole 
ovary preservation by slow freezing vs. vitrification 
methods are ongoing across a range of species including 
mice, goat and cow in the anticipation that these 
experimental findings can in the future be translated for 
human use. Finally, xenografting was originally 
established as model to test the viability (Oktay et al., 
1998), quality, integrity (Kim et al., 2005) and safety of 
the ovarian tissue transplantation following the 
preservation of tissue for cancer patients (Kim et al., 
2001).  

While ovarian tissue preservation can clearly 
be used to preserve and exploit the germplasm of 
domestic animals of high genetic merit, this technology 
is also particularly relevant to the preservation and long-
term storage of the germplasm of rare or endangered 
species and/or indigenous native animal breeds where 
the creation of genetic resource banks is urgently 
required to maintain future genetic diversity. Over 
recent years there has been an increase in the number of 
ex situ conservation programmes involving both in vivo 
and in vitro preservation and the establishment of 
germplasm banks (Silva et al., 2012). The latter 
provides a means of connecting in situ and ex situ 
conservation programmes (Andrabi and Maxwell, 
2007). However it will be difficult to optimize ovarian 
cryopreservation methods for rare or wild animals 
which may have highly specialized reproductive 
adaptations and/or for which only a limited amount of 
tissue can be safely harvested and cryopreserved. For 
this group ovarian cryopreservation protocols that have 
been developed for closely related domestic animals 
have been adapted and applied to preserve the 
germplasm of their endangered counterparts (Leibo and 
Songsasen, 2002). The avoidance of the impact of 
seasonality on mature oocyte quality and the lack of 
need for fresh or cryopreserved sperm for IVF at the 
time of oocyte harvest is a further significant practical 
advantage of ovarian tissue banking for animals species 

compared to oocyte or even embryo banking. For 
occasions where serious damage occurs that results in 
the unexpected slaughter of a valuable or particularly 
rare animal (e.g. after limb fracture) multiple ovarian 
cortical tissue fragments and/or whole ovary(s) can be 
harvested for storage. Thus cryopreservation strategies 
developed for, for example, cattle, sheep, goats, horses 
or pigs, can be used as models for tissue preservation in 
non-domestic ungulates, while domestic cats can 
provide valuable models for tissue preservation in wild 
felids (Luvoni, 2006), dogs for rare canids, and 
capuchin monkeys for new world primates etc 
(Comizzoli and Wildt, 2012). Ovarian tissue banking 
may therefore prove to be a practical and effective tool 
for the conservation of rare species.  
 

Fertility restoration following ovarian tissue 
cryopreservation 

 
A significant and outstanding challenge that 

needs to be addressed in parallel with the development 
and optimization of protocols for the banking and long-
term storage of the germplasm for humans and domestic 
animals or wild species, is how best to use the stored 
tissue to restore fertility and/or generate offspring. 
Regardless of the origin of the stored ovarian tissue, our 
ability to realize its potential and produce viable 
offspring is rigidly linked to our depth of understanding 
of the reproductive characteristics of the species 
involved. Fertility restoration and live birth has been 
achieved in sheep and women where, in both cases, it is 
possible to autotransplant cryopreserved tissues. The 
issue of how to realize the potential of preserved 
ovarian tissues in wild animals or endangered species is 
far more challenging as autografting may not be 
feasible. Evidence from a number of species indicate 
that xenografting of cryopreserved ovarian tissue into 
mice with severe combined immunodeficiency may 
provide a temporary solution to this problem. Indeed, 
xenografting has been shown to support the activation 
of primordial follicle growth and antral follicle 
production in cryopreserved ovarian tissues from a 
range of rodent and domestic species including mouse 
(Snow et al., 2002), cat (Bosch et al., 2004), and cow as 
well as a variety of wild animals including tammar 
wallaby (Mattiske et al., 2002), common wombat 
(Cleary et al., 2003), African elephant, (Gunasena et al., 
1998) and lion (Wiedemann et al., 2012). The combined 
approach of ovarian tissue banking followed by 
xenografting may in the future be used in conjunction 
with follicle culture technologies to produce full sized, 
MII oocytes for in vitro fertilisation and embryo transfer 
into a suitable recipient animal.  

Multiphase culture strategies are being 
developed to support the complete in vitro growth and 
maturation (IVGM) of oocytes from the primordial 
follicle stage to maturity in the laboratory (Picton et al., 
2008). This goal is very ambitious but never-the-less 
significant advances have been made in our ability to 
support the IVGM of oocytes in mice (Eppig and 
O’Brien 1996), sheep (Newton et al., 1999; Picton et 
al., 2003) cow, (McLaughlin and Telfer, 2010), non-
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human primates, (Xu et al., 2011) and humans 
(McLaughlin et al., 2018). To date the production of 
healthy, live offspring from primordial follicles has only 
been achieved in mice (Eppig and O’Brien, 1996; 
Hikabe et al., 2016; Hayashi et al., 2017). It is 
important to note that on the basis of the published 
literature it is highly likely that the culture timelines, 
nutrient requirements needed to support follicle and 
oocyte growth in vitro, the subsequent fertile capacity of 
the in vitro derived oocytes and, ultimately, the 
efficiency of IVGM strategies for cryobanked tissues 
will be species specific. Furthermore, it is likely that no 
single IVGM strategy will fit all species and IVGM 
strategies for rare or wild species will likely have to be 
used in conjunction with xenografting in order to realize 
the fertile potential of the stored germplasm.    
 

Conclusion 
 

In conclusion although many questions remain to be 
answered, considerable recent progress in cryobiology, 
reproductive science, and IVGM technology have led to 
therapeutic advances in clinical ART that have 
significantly improved our ability to cryopreserve 
female fertility by banking primordial oocytes in situ 
within ovarian tissues or by the vitrification of MII 
oocytes. The stage is now set to translate these clinical 
advances for animal conservation and to use them to 
develop comprehensive strategies that will not only 
safeguard the future genetic diversity of commercially 
important domestic species but will also facilitate 
germplasm preservation for animals at risk of 
extinction.  
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Abstract 
 

Reproductive biotechniques such as embryo 
production are important tools to increase the 
reproductive performance in cattle in a short time. In this 
context, the antral follicle count (AFC), which reflects the 
population of antral follicles present in an ovary, has been 
indicated as an important phenotypic characteristic 
related to female fertility and closely correlated to the 
performance of in vivo and in vitro embryo production 
(IVEP). A positive correlation was evidenced between 
AFC and oocyte retrieval by ovum pick up (OPU) 
sessions and and with the number of embryos produced. 
Several studies have reported that females with a high 
AFC had greater embryo yields compared to those with 
medium and low AFC. However, controversial results 
were obtained by studies conducted in different bovine 
breeds. Many conflicting data may be due to the 
differences in the experimental design, particularly 
regarding the classification of animals in AFC groups, 
subspecies particularities, herd aptitude or even issues 
related to animal management. Therefore, aspects such as 
the choice of donor, type of aspirated follicles and the 
stage of follicular wave need to be clarified. Thus, this 
text aims to discuss the use of AFC as a reproductive tool 
and its applications in the in vivo and in vitro production 
of embryos, besides describing consistent results and new 
challenges regarding AFC and embryo production. 
 
Keywords: antral follicle count, Bos taurus, Bos indicus, 
cow, fertility. 
 

Introduction 
 

In the world scenario for bovine embryos, in 
the last decade, the in vitro embryo production (IVEP) 
has expanded remarkably when compared to in vivo 
embryo production (Watanabe et al., 2017). In the year 
2016, a total of 666,215 in vitro embryos were 
produced, exceeding for the first time the volume of 
embryos produced in vivo (Perry, 2017). In this context, 
Brazil has contributed to the consolidation of large-scale 
application of this biotechnique and many challenges 
have been faced to improve the IVEP (Perry, 2016). 

Several studies have been conducted to 
maximize the reproductive efficiency of the herd. In this 
way, the ovarian antral follicular count (AFC) as a tool 
to evaluate the ovarian reserve, has been positively 
correlated with parameters such as the number of viable 
oocytes, blastocyst (Santos et al., 2016) and conception 

rate after AI (Mossa et al., 2012). Different research 
groups investigated the embryo production performance 
of females with different AFC. This parameter is 
variable among females but highly constant in the same 
female (Burns et al., 2005; Morotti et al., 2017). For 
both indicus and taurus subspecies and indicus x taurus 
crossbred, a positive correlation was found between 
AFC and oocyte retrieval in the ovum pick up (OPU) 
sessions and the number of embryos produced in vitro 
(Ireland et al., 2008; Monteiro et al., 2017).  

Considering embryonic production, females 
with high AFC presented a larger number of in vitro 
embryos when compared to those with low AFC 
(Ireland et al., 2008; Monteiro et al., 2017). Such 
information is quite predictable, considering that more 
follicles provide more oocytes to the in vitro embryo 
production. On other hand, the influence of AFC on the 
efficiency of embryonic production remains not well 
understood. For example, Rosa et al. (2018), reported 
no differences in both cleavage and blastocyst rates of 
oocytes that came from ovaries with different AFC. 
Also evaluating different AFC patterns, Rosa et al. 
(2018) evaluated the genes involved in oogenesis and 
folliculogenesis, which were differentially expressed in 
granulosa (progesterone receptor - PGR and Anti-
mu ̈ llerian horm one receptor type II - AMHR2) and 
cumulus cells (natriuretic peptide receptor 2 and 3 - 
NPR2/ NPR3, fibroblast growth factor 10 - FGF10 and 
signal transducer and activator of transcription 3 - 
STAT3) from high versus low AFC cows. Mossa et al. 
(2010) reported lower abundance of cytochrome P450 
family 17 subfamily A member 1 - CYP17A1 mRNA in 
thecal cells of low versus high AFC. Moreover, the study 
by Ireland et al. (2009) reported that the abundance of 
mRNAs for cytochrome P450 family 19 subfamily A 
member 1 - CYP19A1 in granulosal cells and estrogen 
receptor 1 and 2 - ESR1/ ESR2, and cathepsin B - CTSB 
in cumulus cells were greater, whereas mRNAs for AMH 
in granulosal cells and TBC1 domain family member 1 - 
TBC1D1 in thecal cells were lower for animals with low 
compared to the high AFC group during follicle waves. 

Considering a general view on AFC, many 
points need to be addressed. For example, there is no 
standard to the classification of AFC according to the 
number of follicles. Comparing all the reports at the 
literature, it is easy to recognize several patters of AFC 
groups. In this way, it is quite difficult to compare data 
among the articles. Therefore, considering the 
importance of AFC on the embryo production this text 
aims to discuss: i) The use of AFC as a reproductive
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tool and the relationship between different fertility 
parameters (i.e. blastocyst rate and pregnancy, AMH 
concentration, among others); ii) applications of AFC on 
the in vivo and in vitro production of embryos and, iii) 
controversial data and new challenges regarding to the 
practical use of AFC as a reproductive tool for cattle. 
 

Use of AFC as a reproductive tool 
 

The association between reproductive 
biotechniques and genetic improvement programs in 
cattle has contributed to the development of the milk 
and food production (Hansen, 2014). The selection of 
females suitable for breeding is of great importance for 
reproductive efficiency, mainly because some ovarian 
physiological characteristics can directly influence the 
number and quality of oocytes (Lonergan et al., 1994). 
In this context, cows can be classified as low, 
intermediate or high AFC, according to the number of 
antral follicles (of 3 mm in diameter) detected via 
ovarian ultrasonography. 

The AFC has been related to fertility 
parameters such as ovarian size, corpus luteum 
diameter, number of healthy oocytes, endometrial 
thickness, progesterone concentration, pregnancy rate 
and calving interval (Jimenez-Krassel et al., 2009, 
Martinez et al., 2016). Thus, considering the 
relationship between AFC and several characteristics 
linked to fertility, the selection of donors could be 
performed using a single ultrasound examination at the 
beginning of reproductive life (Silva-Santos et al., 2014; 
Morotti et al., 2017). Also, the Anti-mullerian hormone 
(AMH), has been recognized as an indicator of ovarian 
response to superovulation protocols (Souza et al., 2015), 
being AMH also highly correlated to the AFC and 
viability of the oocytes (Baruselli et al., 2016). It was also 
observed a positive association between AMH and 
fertility in dairy cows (Jimenez-Krassel et al., 2015).  

The AFC is a characteristic of low to moderate 
heritability, and it was verified that there is no 
correlation between AFC and milk production during 
lactation in Holstein cows (Walsh et al., 2014). 
Similarly, for Braford (beef) cattle, some parameters 
related to meat production showed low correlation with 
AFC (Morotti et al., 2017). Then, based on these 
studies, it can be suggested that AFC selection does not 
cause genetic demerit for the progeny. 

In general, a greater number of antral follicles 
results in better OPU/IVEP quantitative efficiency. 
Many reports suggest that AFC is positively associated 
with the number of embryos produced by the donor in 
different breeds (Ireland et al., 2008; Silva-Santos et al., 
2014, Santos et al., 2016). Although, more recently, 
Monteiro et al. (2017) did not find any advantage for 
Bos indicus females with high AFC relative to IVEP 
rates (Blastocyst rate 33.9% and 34.2% for low and high 
AFC animals, respectively). 

In taurine females submitted to fixed time 
artificial insemination (FTAI) presenting high AFC, it 
was also found a higher pregnancy rate when compared 
to those with low AFC (94% and 84%, respectively; 
Mossa et al., 2012). In contrast, studies with indicine 
cattle did not find a positive correlation between AFC 

and pregnancy rates with artificial insemination 
(Mendonça et al., 2013; Santos et al., 2016). 
Surprisingly, an evaluation of AFC and timed artificial 
insemination showed better reproductive performance in 
low AFC Nelore cows than high AFC females 
(conception rate 61.7% and 49.5%, respectively; 
Morotti et al., 2018). Recently, another unexpected 
result came from New Zealand with Bos taurus dairy 
cattle. The results showed that females with high AFC 
(≥ 25 follicles) had suboptimal fertility and shorter 
productive life when compared to those with low AFC 
(≤ 15 follicles) (Jimenez-Krassel et al., 2017). In 
contrast, also working with dairy cattle, Modina et al. 
(2014) had reported that those cows with intermediate 
number of antral follicles (n < 10) were identified with 
reduction in the fertility parameters, when compared to 
females with > 10 follicles. Once again, the comparison 
between the articles is quite difficult considering that 
AFC was not the single condition that was different in the 
experimental design. As pointed by Martinez et al. 
(2016), the associations of AFC with other fertility 
parameters need for further evaluations to ensure the best 
way to use this strategy on reproductive programs.  

In conclusion, the relationship between AFC 
and fertility needs to be clarified. Both in Bos taurus 
and Bos indicus cattle have shown conflicting data, 
mainly when different approaches, embryo transfer - ET 
or artificial insemination – AI, have been considered. 
 

Applications of AFC for in vitro and in vivo 
production of embryos 

 
The embryo yield is highly variable in both in 

vitro and in vivo embryo production systems (Pontes et 
al., 2010). The IVP may be affected by oocyte recovery 
rate on OPU, as well as ET is affected by the response 
of the donor afterthe superovulation protocol (SOV) - 
(Ireland et al., 2007; Silva-Santos et al., 2014). 
Therefore, it is interesting to consider that the success of 
these techniques is dependent on the individual ovarian 
characteristics of the donor, which may affect the 
number and quality of the oocytes / embryos that are 
recovered (Stojsin-Carter et al., 2016). 

In 2007, Ireland and collaborators performed 
a study with Bos taurus cattle and observed that the 
number of IVF embryos per animal in the high AFC 
group (≥ 25 follicles) was four times higher (P < 0.05) 
than the low AFC group (≤ 15 follicles). In the 
multiple ovulation and embryo transfer (MOET), the 
number of embryos recovered after artificial 
insemination was 10.6 ± 2.7 vs. 4.7 ± 0.7 for the high 
and low AFC group, respectively (P < 0.05). 

Similarly, indicus-taurus donors with high 
AFC (≥ 40 follicles), produced a higher (P < 0.05) 
number of blastocysts than animals of low AFC group 
(≤ 10 follicles) both in IVF and MOET approaches 
(Silva-Santos et al., 2014). However, the same team 
reported less consistent results for Bos indicus cattle. 
The high AFC showed better embryo production 
performance, but the cleavage rate was similar among 
low (≤ 7 follicles), intermediate (18 to 25 follicles) and 
high AFC (≥ 40 follicles) (Santos et al., 2016).  

The relationship between of the ovarian pool of 
follicles and the response to the superovulation has been
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previously evaluated (Cushman et al., 1999). However, 
possible applications of AFC and specific protocols to 
SOV is topic that remains to be better understood.  

Considering AFC and genes related to 
folliculogenesis and oogenesis, it was reported 
differences in gene expression in cumulus and granulosa 
cells collected from Nelore cows with low and high AFC. 
Interestingly, in the study by Rosa et al. (2018), animals 
com high AFC had genes upregulated in granulosa cells 
while cows with a low AFC presented genes upregulated 
only in cumulus cells. Taking together with data from 
other studies, these findings suggest that AFC may 
influence the molecular network that controls ovarian 
function (Ireland et al., 2009; Mossa et al., 2010). 
Considering the importance of communications between 
oocyte and cumulus cells, as well as the influence of 
gonadotropins on the cAMP in the two cell types 

(Luciano et al., 2004), it is quite predictable that AFC 
may really interfere on the rates of embryonic production. 
However, a precise experiment to consider only AFC and 
embryo production remains a challenge, since multiple 
aspects need to be isolated in the experimental design.  

As described in Table 1, the main problem for 
comparing the AFC data is the classification of animals 
in groups of high and low AFC. Each team considered a 
specific strategy. Thus, it is quite difficult to compare 
the results. 

Controversial data among studies in AFC 
classification also are present in both in vivo and in vitro 
embryonic production, as shown in Table 2.  

Considering data of pregnancy rate and AFC 
after artificial insemination, it is also interesting to 
identify the clear differences among the groups, as shown 
in the Table 3. 

 
Table 1. Results (mean ± SD) from studies comparing in vitro embryo production in Bos taurus, Bos indicus and 
Bos indicus-taurus (crossbred) between high and low AFC groups. 

Author type AFC Animals 
n 

PU 
n 

COC’s 
n 

Blastocyst 
n 

Blastocyst 
rate % 

Ireland et al., 2007 Bos taurus 
 

Low 
(≤ 15 follicles) 

68*** --- 7.5a 1.3a 29.6 

High 
(≥ 25 follicles) 

37*** --- 29.5b 4.9b 30.9 

Silva-Santos et al., 2014 Bos indicus-taurus 
 

Low 
(≤ 10 follicles) 

20* 20 5.8 ± 3.4A 0.5 ± 0.8A 9.5A 

High 
(≥ 40 follicles) 

20* 20 36.9 ± 13.7B 6.1 ± 4.5B 16.5B 

Santos et al., 2016 Bos indicus Low 
(≤ 7 COC’s) 

19* 19 3.8 ± 1.1α 0.6 ± 0.6α 13.0α 

High 
(≥ 40 COC’s) 

22* 22 40.4 ± 10.6β 18.4 ± 6.7β 41.9β 

Monteiro et al., 2017 Bos indicus Low 
(< 15 COC’s) 

18** 216 10.8 ± 0.4 3.6 ± 0.2 33.9 

High 
(≥ 15 COC’s) 

18** 216 21.2 ± 1.0 7.1 ± 0.4 34.2 

Rosa et al., 2018 Bos indicus Low 
(≤ 31 follicles) 

356*** --- 536 (total) 203 (total) 38.6 

High 
(≥ 92 follicles) 

356*** --- 617 (total) 251 (total) 40.6 

*Animals submitted to OPU only once. **Animals submitted to OPU more than once. ***Animals submitted to 
postmortem ovarian aspiration. a,b/A,B/α,βFor the same author and variable were different (P ≤ 0.05) between the AFCs 
groups. Adapted from Ireland et al. (2007); Silva-Santos et al. (2014); Santos et al. (2016); Monteiro et al. (2017) 
and Rosa et al. (2018). 
 
Table 2. Results (mean ± SD) from studies comparing in vivo embryo production in Bos taurus and Bos indicus-
taurus (crossbred) between high and low AFC groups. 

Author Animals Number of follicles Number of flushes Transferable embryos/ 
animals 

Ireland et al., 2007 
 

Bos taurus 
 

Low 
(≤ 15 follicles) 

21* 3.8 ± 0.8a 

High 
(≥ 25 follicles) 

19* 5.4 ± 1.3b 

Silva-Santos et al., 2014 Bos indicus-taurus 
 
 

Low 
(≤ 10 follicles) 

20** 1.9 ± 2.1A 

High 
(≥ 40 follicles) 

20** 6.9 ± 5.3B 

*The same female may have been superovulated and collected up to twice. **One single collection per animal. 
a,b/A,BFor the same author were different (P ≤ 0.05) between the AFCs groups. Adapted from Ireland et al. (2007) 
and Silva-Santos et al. (2014). 
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Table 3. Reproductive performance of females with high or low follicle count (AFC) after artificial insemination. 
Author Group Pregnancy rate (%) 

 
Mossa et al., 2012 

 
Low AFC (≤ 15 follicles) 

 
84 

  
High AFC (≥ 25 follicles) 94 

   
Mendonça et al., 2013 Low (≤ 12 follicles) 51.85 

  
High AFC (≥ 30 follicles) 44.73 

   
Santos et al., 2016 Low AFC (≤ 10 follicles) 58,6 

  
High AFC (≥ 25 folículos) 51,9 

Adapted from Mossa et al. (2012); Mendonça et al. (2013) and Santos et al. (2016). 
 

AFC: consistent data versus new challenges 
 

The strategy used to the classification of 
females in AFC categories is very different in each 
author. Each one exhibited a distinct experimental 
design; some studies did not consider the AFC 
intermediate group or, for example, the oocytes were 
recovered in different ways - by OPU or ovaries from a 
slaughterhouse (Ireland et al., 2008; Monteiro et al., 
2017). In some cases, the parameters used to classify 
females in AFC categories differed considerably among 
authors (Morotti et al., 2015). Therefore, when 
comparing studies concerning AFC, we should consider 
how the separation of animals into the categories was 
made, trying to establish a more balanced comparison.  

Moreover, there are differences between the 
studied subspecies inherent to the physiology of the 
estrous cycle, which encompass divergences from 
follicular wave number per cycle to the number of 
follicles recruited per growth wave (Baruselli et al., 
2007). For example, Holstein cows tend to present the 
predominance of two or three waves of follicular growth 
per estrus cycle (Ginther et al., 1989; Wolfenson et al., 
2004), whereas Zebu cows are more related to three to 
four waves per estrus cycle (Rhodes et al., 1995; Nelore 
- Figueiredo et al., 1997). Also, Bos indicus females 
recruit more follicles per follicular growth wave than 
Bos taurus females (33,4  ± 3,2 vs 25,4  ±  2,5; Carvalho 
et al., 2008). Taking those data together, it is easy to 
realize the challenge to compare studies that present 
results of distinct subspecies. So, the comparison of 
AFC with fertility in different breeds should be studied 
individually. 

Furthermore, for a better precision of the 
factors that interfere with AFC, it is necessary to 
consider the development phase in which the follicles 
are aspirated since there is a direct interference on the 
oocyte competence for IVEP. In this context, Cavalieri 
et al. (2018), showed that cows submitted to follicular 
wave synchronization had a better IVEP rate and 
pregnancy rate after ET when compared to females 
aspirated on a random day of estrous cycle. Because of 
that, the strategy for oocyte recovery must be 
considered when comparing different AFC cows. 

In addition to the subspecies, it is also 
important to consider the influence of the age of the 

females in the AFC studies, since there are indications, 
that the ovarian follicular reserve decreases after the 
female reaches five years, suggesting a decrease in 
fertility (Cushman et al., 2009). The same authors also 
reported the importance of birth weight as a parameter 
that influences AFC, but the stage of estrous cycle 
seems to not interfere in the AFC classification, which 
facilitates the establishment of pattern (high, 
intermediate or low AFC) to each cow (Cushman et al., 
2009). 

In summary, according to the literature and 
data cited above, AFC seems to be correlated with 
several fertility parameters, and it may be a tool that can 
contribute to the success of embryo production both in 
vivo and in vitro. However, there is a great need to study 
the real long term impact of AFC on fertility, to 
establish specific parameters of AFC classification and 
to understand the physiological causes of the variation 
in the AFC among individual female cattle.  

 
Final comments 

 
Despite many studies on antral follicle 

population, the relationship between AFC, fertility, and 
efficiency of biotechniques are not fully understood. 
However, in the context of embryo production, the AFC 
can be used as an auxiliary tool for the selection of 
animals with the greater quantitative potential of 
embryos. Finally, a better understanding of the factors 
linked to AFC and of the reproductive characteristics 
from Bos indicus and Bos taurus may provide 
adjustments in cattle management and to improve the 
efficiency of reproductive biotechniques. 
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The objective of this study was to evaluate the supply of Melengestrol Acetate (MGA®, Zoetis, Brazil) 
added in nutritional blocks (Tecnoblock®) to Nellore heifers kept under extensive management on the 
estrus and pregnancy rates after natural breeding and AI. The experiments were carried out at Pantanal, in 
Fazenda São Bento, Corumbá/MS, Brazil. In the experiment 1, 413 heifers with BCS 4.2±0.7 (1-9), age 
from 22 to 24 months, mean of 302 kg and no previous cyclicity (absence of CL in two evaluations with 
11-day interval) were divided: T1-Control [supply of nutritional protein-energy blocks throughout the 
experiment (12 days)]; T2-BlockMGA (2.28g/day MGA for 12 days, added to the same block of T1); T3-
Protein MGA (2.28g/day MGA for 12 days, added to dry supplement); and T4-Implant P4 [9 days with 
intravaginal device (Primer®, Agener União, Brazil) of 2nd use + 2 mg IM of BE (Gonadiol, Zoetis, 
Brazil) on the day of insertion of Primer]. At the end of treatments, the heifers were mated with bulls 
(1:33) in breeding season (BS) of 118 days. In the experiment 2, 301 heifers with BCS 3.8±0.4 were 
divided: T1-Control, T2-Block MGA for 12 days, T3-Block MGA for 12 days + application of 0.5 mg 
ECP (2 days after the end of supply of MGA). Heifers were inseminated after estrus observation for 10 
days, and then mated with bulls in 90-day BS. The evaluation of cyclicity, presence of CL and pregnancy 
diagnosis (PD) were performed using ultrasound (DP 2200 VET, Mindray, China). Statistical analysis 
was performed by PROC GLIMMIX of the SAS followed by Tukey Test (P<0.05). In the experiment 1, 
the diameter of the dominant follicle at the end of treatments was similar among T2 (11.2mm), T3 
(11.8mm) and T4 groups (11.2mm), which were greater (P<0.0001) than T1 (9.7mm). The daily estrus 
rate was similar (P>0.05) between T1 (1.92%) T2 (2.94%) and T4 (2.77%), which were higher (P=0.032) 
than T3 (1.02%). Pregnancy at 60 days of BS was higher (P=0.008) for T2 (57.84%) than for T1 (40.8%) 
and T4 (36.4%), but all of these groups were similar (P>0.05) to T3 (51.0%). There was no difference 
(P=0.344) between treatments in the final PD (70.95%, averaged). In experiment 2, the estrus rate in 10 
days was higher (P<0.0001) in T2 (45.5%) and T3 (57.8%) compared to T1 (22.7%). There was no 
difference between groups (P=0.86) for the post-AI pregnancy (35.66%, averaged). The pregnancy rate at 
60 days of BS of the T1 group (56.6%) was lower (P=0.04) than T3 (74.4%), but both did not differ 
(P>0.05) from T2 (67.7%). Pregnancy at the end of BS was similar (P=0.757) between groups (T1: 
84.7%; T2: 89.1%; T3: 88.2%). The use of MGA added in nutritional blocks was satisfactory in heifers 
because it provided higher pregnancy rates at the beginning of BS, besides facilitating management in the 
supplement supply and in the corral, therefore it represents a new alternative of reproductive management 
in the conditions of extensive breeding.  
Acknowledgments: EMBRAPA, Fazenda Sao Bento e CNPq/Capes. 
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The E2 substitution by injectable P4, at the super precocious TAI protocol for ressincronization, can be an 
alternative for the induction of a follicular wave emergence on day 14 (Rezende, et al., 2016 SBTE). The 
aim of this study was to evaluate the effect of different injectable P4 sources (short or long action) and 
dosages on on dominant follicle diameter in Nellore females subjected to a super precocious TAI 
ressincronization protocol. For this, 234 Nellore females were used, as they were submitted to a first 
synchronization. Although there have been inseminated, the expected moment for the first TAI (48 hours 
after device removal), was considered as D0. On D14, the females received an intravaginal device 
containing 1 g of P4 (Sincrogest®, gold, Brazil) and were divided into four groups: G-A50, 50 mg IM of 
short action injectable P4 (Afisterone®, Hertape, Brasil) n = 67; G-A100, 100 mg IM of short action 
injectable P4 (Afisterone) n = 55; G-P4LA50, 50 mg IM of long action injectable P4 (Sincrogest 
injetável®, Ouro fino) n = 51; G-P4LA100, 100 mg IM of long action injectable P4 (Sincrogest) n = 61. 
After eight days from the distribution (D22), the P4 device was removed and the animals were subjected 
to ovarian ultrasound evaluation (DP2200®, Mindray, China), for measurement of the dominant follicle 
(DFD22). At this time, the animals received the TAI protocol which consisted of 0.530 mg IM sodium 
cloprostenol (Sincrocio®, Ouro fino, Brasil), 300 IU of eCG (SincroeCG®, Ouro fino, Brazil) and 0.5 mg 
of estradiol cypionate (SincroCp®, Ouro fino). After, 48h from the P4 device removal, the females were 
subjected to another ultrasound evaluation (DFD24), as well as, blood collection to determine serum P4 
concentration dosage. The obtained data was analyzed by the GLIMMIX procedure of SAS®. There were 
no differences between treatments on DFD22: G-A50, 9.85 ± 3.04mm, n = 45; G-A100, 10.31 ± 2.79mm, 
n = 37; G-P4LA50, 10.85 ± 2.76mm, n = 39; G-P4LA100, 10.95 ± 2.83mm, n = 40, P = 0.29 and on 
DFD24: G-A50, 11.36 ± 2.76mm, n = 43; G-A100, 12.20 ± 3.22mm, n = 36; G-P4LA50, 11.96 ± 
2.32mm, n = 35; G-P4LA100, 12.65 ± 3.11mm, n = 40, P = 0.24. There were also no differences on the 
serum P4 concentration between dosage and drug: G-A50, 0.60 ± 1.11ng/mL, n = 67; G-A100, 0.52 ± 
0.71 ng/mL, n = 51; G-P4LA50, 0.43 ± 0.54 ng/mL, n = 55; G-P4LA100, 0.41 ± 0.63 ng/mL, n =61, P = 
0.77. There WAS no drug*dosage interaction, P = 0.74 and difference between drugs (G-A50+ G-A100 
vs G-P4LA50+ G-P4LA100); Afisterone: 0.56 ± 0.96 ng/mL, n = 118; Sincrogest: 0.42 ± 0.59 ng/mL, n 
= 116, P = 0.34. Both drugs and dosages used showed similar P4 serum concentration on D24 and 
dominant follicle diameter on D22 and D24, demonstrating the possibility using either drugs on the onset 
of superprecocious TAI ressincronization protocol. 
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Alternatives to improve the ovulation and pregnancy rates in heifers are desirable in timed artificial 
insemination (TAI) protocols. The present study aimed to evaluate the effect of different doses (0IU, 200 
IU or 300IU) of equine chorionic gonadotrophin (eCG) on day 8 of the TAI protocol. A total of 398 
Nellore (Bos indicus) heifers were used, aging 24.0±1.2 months, with escore de condição corporal (ECC) 
of 2.98±0.23 in 3 farms in the state of Mato Grosso. The heifers were presynchronized 24 days before the 
onset of the protocol with an intravaginal progesterone device (P4; Sincrogest®, Ourofino Saúde Animal, 
Cravinhos-SP, Brazil) of 4º use, and maintained during 12 days. When the device was removed, heifers 
received 0.5mg IM of EC (SincroCp®, Ourofino). After 12 days of removed, the TAI protocol was 
initiated (D0) with the administration of 2mg IM of EB (Sincrodiol®, Ourofino), 0.53mg IM of sodium 
Cloprostenol (PGF2α; Sincrocio®, Ourofino) and an intravaginal P4 device (Sincrogest®, Ourofino) of 2º 
use. As well as the P4 device removal (D8), 0.5mg IM of EC (SincroCp®, Ourofino) and 0.53mg IM of 
sodium Cloprostenol (PGF2α; Sincrocio®, Ourofino) were administered. At this moment, heifers were 
homogenously distributed to receive the IM treatments with eCG (Sincroecg® Ourofino): G1-0IU 
(n=141), G2-200IU (n=132) and G3-300IU (n=125). TAI was performed 48h after the device removed in 
all groups. In addition, ultrasound evaluations were performed in all animals (n=398) 10 days after TAI to 
verify ovulation rate and corpus luteum (CL) diameter and quantity, with 30 days to evaluate pregnancy 
rate and with 60 days to pregnancy loss. Statistical analysis were performed using PROC GLIMMIX of 
SAS® (v. 9.4). Groups G1 and G2 were significantly different (P<0.05) for total ovulation rate at the end 
of the protocol (79.43%b and 90.15%a), ovulation rate of animals without corpus luteum on beginning of 
protocol (51.02%b and 84.75%a), diameter of corpo lúteo 10 days after TAI (15.32b ± 0.25 and 16.63a ± 
0.23) and pregnancy rate with 30 (32.62%b and 42.42%a) and 60 days after TAI (29.08%b and 40.91%a) 
respectively. Groups G1 and G3 were significantly different (P<0.05), on analyzis were equal the cited 
above with G1 e G2. Groups G2 and G3 did not differ for all the analyzed variables (P>0.05). In animals 
that had a corpus luteum at the beginning of the TAI protocol, the ovulation rate 10 days after TAI, 
double ovulation rate, pregnancy rate with 30 and 60 days after TAI, and pregnancy loss rate did not 
differ between all groups, showing that these animals do not need eCG. Through the present study, it was 
verified that it is possible to reduce the eCG dose to 200IU in TAI programs for Nellore (Bos indicus) 
heifers, without reducing the ovulation rate, corpus luteum diameter and pregnancy rate. No alterations 
were observed on quantity of double ovulations and pregnancy loss. 
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The aim of this retrospective study was to evaluate the effect of rectal temperature (RT) at the time of 
artificial insemination (AI), temperature-humidity-index (THI), period of the day in which AI was 
performed, and season on fertility of lactating Holstein dairy cows. Data from 1508 AIs performed in 
2014 from a commercial dairy herd located at the state of Minas Gerais, Brazil were compiled for the 
study. Out of the 1508 AIs, 398 were based on estrus observation and 1110 were fixed-time AIs (FTAI). 
In order to evaluate the impact of heat stress on fertility, RT at the time of AI was measured in all cows 
and daily THI was calculated. In addition, two periods of the day in which AI was performed were 
defined according to the RT of cows: LowerTemp, in which the average RT was 38.6oC ± 0.04 and AI 
occurring between 7:01 pm and 12:00 am; and HigherTemp, with average RT of 39.1oC ± 0.02 and AI 
being performed between 12:01 am and 7:00 pm. The season effect was also investigated, in which the 
hot season was from October to March and the cold season was from April to September. The statistical 
analyses were performed using PROC GLIMMIX of the SAS 9.4 (P ≤ 0.05). There was no effect of 
method of AI (estrus vs. FTAI) on pregnancy per AI [P/AI; 26.1 (104/398) vs. 27.8% (309/1110), 
respectively; P = 0.58]. In addition, there was no interaction between AI strategy and season or THI (P = 
0.36 and P = 0.4, respectively). Cows receiving ≥ 4 AIs had lower P/AI than cows receiving the first three 
postpartum AIs [18.2b (89/490), 36.1a (176/488), 30.2a (93/308), and 24.8%a (55/222) for ≥4th, 1st, 2nd and 
3rd AI, respectively; P<39.1oC at AI had greater P/AI than cows with RT ≥ 39.1oC [29.3 (308/1051) vs. 
22.8% (104/456); P = 0.04]. Regarding THI, cows inseminated during the days with THI ≤ 68 had higher 
fertility compared to cows inseminated when THI was>68 [30.3 (215/709) vs. 24.1% (182/754); P = 
0.02]. There was a season effect on P/AI, in which during the cold season P/AI was, on average, higher 
than during the hot season [30.2 (246/815) vs. 24.1% (167/692); P = 0.006]. By analyzing a large number 
of animals and an entire year of insemination records, it was shown that variables associated with heat 
stress impact the fertility of lactating dairy cows. The factors that clearly decreased P/AI in this field 
study were higher THI, rectal temperature>39.1oC near the time of AI, and season. 
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The present study aimed to compare different progesterone (P4)-based strategies for early 
resynchronization of ovulation after timed embryo transfer (TET) in recipients beef cows. Suckling 
Nelore cows (n= 211) were submitted to a TET protocol and received an in vitro produced embryo on D7 
(D0= expected ovulation). On D13, all cows received a new P4 intravaginal device (CIDR, Zoetis, SP, 
Brazil) and were randomly split in three groups: 1CIDR group (no additional treatment), 2CIDR group 
(one additional CIDR) and CIDR+P4 group (treatment with 100mg of injectable P4 [Afisterone, Hertape 
Calier, SP, Brazil]). On D22, the P4 devices were withdraw and cows were evaluated by transrectal 
Doppler ultrasonography (Z5, Mindray). Cows where luteolysis was detected (CL with ≤25% of color 
signals indicating blood perfusion in the luteal area) were diagnosed as non-pregnant and received 1mg of 
estradiol cypionate (ECP, Zoetis), 25 mg of dinoprost trometamide (Lutalyse, Zoetis) and 300 IU of eCG 
(Novormon, Zoetis). On D31, non-pregnant cows were evaluated and those with a large palpable CL 
received a fresh in vitro produced embryo. Pregnancy diagnosis by detection of embryo or fetus was 
performed between 40-80 days of pregnancy. Quantitative data were evaluated by ANOVA followed by 
SNK test using PROC MIXED procedure, and binomial data by logistic regression using PROC 
GLIMMIX of SAS. Pregnancy rates on D22 were different (P<0.05) among treatment groups (43.8%B 
[32/73] for 1CIDR; 57.5%A [42/73] for 2CIDR; and 53.9%AB [35/65] for 1CIDR+P4). However, 
pregnancy loss between D22 and D80 was greater (P<0.05) in the 2CIDR group (45.3%A [19/42]) than in 
the 1CIDR (16.5%B [5/32]), which consequently resulted in no difference (P>0.1) on pregnancy rates on 
D80 (37% [27/73] for 1CIDR; 31.5% [23/73] for 2CIDR; and 38.5% [25/65] for 1CIDR+P4). For non-
pregnant cows on D22, the dominant follicle diameter was greater (P<0.05) in the 1CIDR (12.1±2.1mm) 
and 1CIDR+P4 (12.4±1.8mm) groups than in 2CIDR group (9.9±1.8mm). The utilization rate of cows at 
the second TET was greater (P<0.05) for 1CIDR (87.8% [36/41]) and 1CIDR+P4 (83.3% [25/30]) groups 
than 2CIDR group (71.0% [22/31]). Although pregnancy rate after second TET did not differ (P>0.1) 
amomng groups (48.7% [38/78]), the final pregnancy rate considering first and second TET was different 
(63.0%A [46/73] for 1CIDR; 43.8%B [32/73] for 2CIDR; and 53.9%AB [35/65] for 1CIDR+P4). In 
conclusion, the use of one CIDR without additional treatment with P4 at D13 for resynchronization of 
ovulation associated with early detection of non-pregnant cows at D22 by Doppler results in desirable 
pregnancy and utilization rates and allows a 24d-interval between TETs in beef cattle.  
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The objective of this study was to evaluate the use of different doses of eCG on the conception rate of 
primiparous cows submitted to FTAI. A total of 439 Nellore (Bos indicus) females were used, from two 
commercial farms located in the state of Mato Grosso do Sul - Brazil; [Farm A (n=135) and Farm B 
(n=304)]. All cows received the same synchronization protocol for follicular wave emergence, luteolysis 
and ovulation, differing only on the eCG dose. On a random day of the estrus cycle (D0), cows received 
an intravaginal device with 0.6g of P4 (Fertilcare 600®, MSD, São Paulo, Brazil) and 1mg of estradiol 
benzoate via i.m (Fertilcare Synchronization®, MSD, São Paulo, Brazil). In D8, the device was removed 
and 0.265mg Cloprostenol Sodium (Ciosin®, MSD) and 0.5mg estradiol cypionate (Fertilcare 
Ovulation®, MSD) were administered, both via i.m. The primiparous were homogeneously subdivided by 
BCS (1 to 5) into two groups: G-300 [300 IU of eCG (Folligon®, MSD, São Paulo, Brazil); n= 232; BCS= 
2.89 ± 0.02]; G-400 [400 IU of eCG (Folligon®, MSD, São Paulo, Brazil); n= 207; BCS= 2.91 ± 0.02]. 
The FTAI was performed 48 hours after the device was removed and the pregnancy diagnosis was 
performed 30 days after FTAI by ultrasonography (Aloka SSD 500, Tokyo, Japan). The obtained data 
were analyzed by logistic regression through PROC GLIMMIX of SAS®. Cows in G-300 and G-400 had 
similar means of BCS (2.89 ± 0.02 vs 2.91 ± 0.02; P= 0.37), respectively, showing the pre-treatment 
homogeneity. There was no difference in the pregnancy rate between treatments [G-300= 55% (124/232); 
G-400= 53% (108/207); P= 0.80], and neither among the farms [Farm A= 38.5% (52/135); Farm B= 
59.2% (180/304); P=0.27]. However, there was a group*farm interaction (P= 0.02), where on farm A the 
G-400 had a higher pregnancy rate [G-300= 33.8% (27/80)b; G-400= 45.5% (25/55)ab], however, in farm 
B, the G-300 presented a higher rate [G-300= 68.3% (97/152)a; G-400= 54.6% (83/152)ab]. Also, no 
differences were verified between pregnancy rate and BCS*group interaction (P= 0.77). It was found that 
in the farm with inferior results, the dose of 400 IU of eCG increased the pregnancy rate to FTAI in 
Nellore primiparous. It is concluded that the dose of eCG recommended to increase conception rate in 
Nellore primiparous cows is variable according to the farm. 
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The objective of this study was to evaluate the treatment with GnRH at the onset of the TAI protocol and 
with double dose of PGF-2α at the removal of the P4 device on conception rate in Holstein cows (Bos 
taurus). The study was developed by Bovinos Virtual Company, in Mexico. The study used a completely 
randomized design in factorial arrangement 2x2. A total of 691 cows were submitted to the experimental 
groups: G1 – control (n=173); G2 – intramuscular application of 0.01mg of GnRH (2.5mL of 
Sincroforte®, Ourofino, Brazil) on D-10 (n=199); G3 – intramuscular application of 1.052mg of sodium 
cloprostenol (PGF-2α; 4mL of Sincrocio®, Ourofino, Brazil) on D-2 (n=166) and G4 – intramuscular 
application of 0.01mg of GnRH on D-10 and 1.052mg of PGF-2α on D-2 (n=153). The TAI protocol 
consisted on the intramuscular application of 2mg of EB on D-10 (2mL of Sincrodiol®, Ourofino, Brazil) 
and insertion of an intravaginal device of 1g of P4 (Sincrogest®, Ourofino, Brazil). On D-2 the device 
was removed and 0.526mg of PGF-2α (2mL of Sincrocio®, Ourofino, Brazil) and 1mg of EC (1mL of 
SincroCP®, Ourofino, Brazil) were applied. On D0, TAI was performed. Ultrasound examinations were 
performed on D-3 to check the presence of corpus luteum and on D30 and D60 to determine the 
pregnancy rate and the gestational loss (between 30 and 60 days after TAI). Information about time of 
year, temperature and humidity were collected to calculate temperature and humidity indexes (THI), 
based on historical average on the region. The data were analyzed by PROC GLIMMIX of SAS. There 
was no bull effect (P=0.18). There was no interaction GnRH*PGF-2α (P=0.57), and no effect of GnRH 
on D-10 (P=0.29) and of double dose of PGF-2α on D-2 (P=0.77) on the pregnancy rate on D30. There 
was effect of GnRH on D-10 on the corpus luteum rate on D-3 [EB=65.5% (207/316) vs. 
EB+GnRH=79.1% (261/330); P<0.001]. There was no effect of heat stress (THI) at TAI moment on the 
pregnancy rate on D30 (P=0.39). There was a tendency of interaction GnRH*THI on pregnancy rate on 
D30 [EB=33.3% (51/153) vs. EB+GnRH=43.4% (76/175); P=0.09]. In conclusion, the treatment with 
GnRH at the onset of the protocol and with double dose of PGF-2α at the removal of the P4 device did 
not increase the conception rate in lactating Holstein cows. However, during heat stress period there was 
a tendency to improve the pregnancy rate when 0.01mg of GnRH was applied at the onset of the TAI 
protocol.  
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We aimed to evaluate the use of estradiol benzoate (BE) or 17β-estradiol (E2) associated with 
progesterone (P4) for resynchronization at 14 days post-TAI and its effect on the maintenance of 
pregnancy in beef heifers. In Exp1, Nelore heifers of 16-18 months were synchronized for TAI (D0). On 
D14, the animals received an intravaginal device of P4 (1g, Sincrogest, Ourofino Saúde Animal, 
Cravinhos, SP) and were split in three groups: control (C) (no treatment; n=17), BE (1mg BE, Sincrodiol, 
Ourofino; n=17), and E2+P4 (1mg E2 + 9mg P4, Betaproginn, Boehringer-Ingelheim, Campinas, SP, 
n=18). Ultrasonography evaluations (B/Doppler modes) were performed daily from D14 to D22 for 
measurement of follicles, area and blood perfusion of corpus luteum. On D22, devices were removed and 
pregnancy diagnosis (DG) was made by luteolysis detection, as reported by Pugliesi et al. (Biol Reprod, 
4: 1-12, 2014). Non-pregnant (NP) heifers received 1mg of estradiol cypionate (SincroCP, Ourofino), 
500μg of sodium cloprostenol (Sincrocio, Ourofino) and 200 UI of eCG (SincroeCG, Ourofino) on D22, 
and a second TAI was performed on D24. In Exp2, 919 Nelore and NeloreXAngus heifers were 
submitted to TAI and resynchronized as done in Exp1. Presence of a viable embryo was evaluated on 
D28 (Exp1) and D37-67 (Exp2) after first TAI, and 43-47 days after second TAI (Exp2). Data were 
evaluated by ANOVA (PROC MIXED), Fisher's exact test or logistic regression (PROC GLIMMIX) of 
SAS. In Exp1, follicular emergence in the BE group occurred only on days 3 to 5 after treatment, while in 
the others it was spread. However, follicular emergence (days) and dominant follicle diameter (mm) on 
D22 in NP heifers did not differ (P>0.1) between the C (2.8±0.6 and 11.9±0.9), BE (4±0.5 and 10.9±0.6) 
and E2+P4 (2.4±0.6 and 12.3±0.5). Luteolysis (days) occurred earlier (P=0.03) in the BE (18.6 ± 0.5) and 
E2+P4 (19.1 ± 0.5) groups than in C group (20.6 ± 0.4). In Exp1, pregnancy rate (PR) was similar (P>0.1) 
between the C, BE and E2 + P4 groups in DG22, (67.3%) and D28 (63.4%). In Exp 2, FD diameter (mm) 
on D22 did not differ (P>0.1) among groups: C (11.9±1.8), BE (11.2±1.8) and E2+P4 (11.5±1.8). PR did 
not differ (P>0.1) among the C, BE and E2+P4 groups at DG22 (53.2% [165/310], 53.6% [163/304] and 
48.8% [149/305],) and D37-67 post-TAI (44.3% [98/221], 43.2% [96/222], and 44.9% [97/216], 
respectively). Pregnancy loss was similar (P>0.1) among C (18.3% [22/120]), BE (17.2% [20/116]), and 
E2+P4 (16.4% [19/116]). The PR for resynchronized heifers was 39.8% (49/123) for C, 47.8% (55/115) 
for BE and 44.5% (57/128) for E2+P4 group (P>0.1). We conclude that administration of 1 mg of BE or 
1mg of E2+9mg of P4 at 14 days post-TAI does not compromise pregnancy maintenance and anticipates 
luteolysis in non-pregnant heifers. This strategy is a novel and safe option for super-early 
resynchronization in heifers. 
Acknowledgments: FAPESP (2015/10606-9, 2017/18613-0); Ourofino; Boehringer-Ingelheim; Geneplan; 
JA Reprogen. 
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Use of hCG, eCG or p-FSH on estrus induction of goats and their effects on luteal 
dynamics and conception rate 
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The present study tested the hypothesis that hCG and pFSH stimulate the follicular development and 
consequently corpora lutea, in a manner equivalent to those induced by eCG in goat. Eighty-five 
Toggenburg goats, during the seasonal transition period (December, 21ºS), underwent a short-duration 
estrus induction/synchronization protocol with a sponge impregnated with medroxyprogesterone acetate 
(60 mg MAP, 6 days). Twenty-four hours before sponge removal, females were divided into groups 
according to gonadotrophin used (eCG, 200 IU, n = 32; hCG, 300 UI, n = 25; or pFSH, 30 IU, n = 28). At 
the same time, all goats received 22.5 μg d - cloprostenol. Luteal dynamics were monitored using B-
Mode and Color Doppler ultrasonography on specific days (Days 5, 8, 13, 18, 23 and 28) after estrus 
onset (Day 0). Biometric parameters (diameter, area and volume of corpora lutea), echogenicity and 
heterogeneity of luteal tissue (numerical pixel values and standard deviation of pixels, respectively), and 
vascularization (number of colored pixels) were determined. The pregnancy diagnosis was performed on 
Day 28. The parametric variables were submitted to analysis of variance using the R program, and the 
means were compared by the Kruskal Wallis test. The binomial variables were compared by chi-square 
teste (P <0.05). The response to estrus was similar between treatments (93.90%, P = 0.87). The hCG 
group was characterized by a greater number of luteal structures (P<0.001), but the corpora lutea 
presented smaller mean diameter and volume when compared to the eCG and pFSH groups (P=0.024, for 
both). There were no differences on luteal area, heterogeneity and vascularization (P>0.05). When the 
biometric parameters of the corpora luteal were summed, goats treated with eCG and hCG presented 
higher values of total diameter and volume, compared to the animals that were treated with pFSH 
(P=0.006 and 0.011, respectively). The area of luteal tissue (sum) did not differ between groups 
(P=0.123). The echogenicity of the corpora lutea was influenced by the interaction of treatments and 
evaluation days. It was recorded diferent variations over the evaluation days between groups. For the hCG 
group, there was a reduction in echogenicity on days 23 and 28 compared to previous days; however, the 
difference between groups was verified only on day 28 (P=0.023). The conception rate was similar 
between the groups (65.73%, P=0.25). In conclusion, the use of hCG and pFSH in protocol of estrus 
induction/synchronization in goats induces equivalent luteal dynamics and conception rate, being 
substitutes for eCG. 
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GnRH effect on pregnancy rate of Bos indicus cows with and without estrus expression 
submitted to TAI 
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The objective was to evaluate the effect of GnRH treatment on pregnancy rate of Bos indicus cows with 
and without estrus expression submitted to TAI. The study enrolled 343 lactating cows, between 30 and 
60 days post-partum and body condition score (BCS) of 2.8±0.1 (1 to 5 scale). In a random day of the 
estrus cycle (D0) all cows received 2 mg of estradiol benzoate (Sincrodiol®, Ourofino, Brazil) and a first 
use intravaginal progesterone device (Sincrogest®, Ourofino, Brazil). On D8, all cows received 500μg of 
cloprostenol (Sincrocio ®, Ourofino, Brazil), 1 mg of estradiol cypionate (ECP ®, Pfizer, Brazil), 300IU 
of eCG (Folligon®, MSD, Brazil) and progesterone device removal. On D10, females were distributed 
according to estrus expression, in one of two treatments (Control Group and GnRH Group). Animals from 
GnRH group received 100μg of gonadorelin (Cystorelin®, Boehringer Ingelheim, Brazil) and cows from 
Control group received no treatment. Cows were inseminated at fixed-time 48 hours after progesterone 
device removal. Estrus detection was performed with a wax stick mark on the top of the tail head. 
Pregnancy diagnosis was performed 35 days after TAI by ultrasound exam. All data were analyzed by 
GLIMMIX procedure of SAS. There was no interaction between treatment and estrus expression 
(P=0.26) and no treatment effect [Control Group 49.4% (85/172) and GnRH Group 46.1% (83/180); 
P=0.82] on pregnancy rate. However, cows that expressed estrus during the protocol had a higher 
pregnancy rate [estrus 56.0% (122/218) and without estrus 34.3% (46/134); P=0.0002]. In cows that 
expressed estrus [Control 59.6% (65/109) and GnRH 52.3% (57/109) P=0.27] or not [Control 31.8% 
(20/63) and GnRH 36.6% (26/71) P=0.56], GnRH treatment did not interfere with pregnancy rate to TAI. 
It is concluded that GnRH treatment at TAI does not interfere on pregnancy rate of cows with or without 
estrus expression during the protocol. 
Support: Fapemig, Agropecuária Água Preta and Ouro Fino. 
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Efficiency of the ciclicity induction protocol with long action injectable progesterone (single 
handling) in prepubertal Nelore (Bos Indicus) heifers 
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With the aim of improving reproductive efficiency in prepubertal Nellore (Bos indicus) heifers, this study 
evaluated the use of a cyclicity induction protocol using a single treatment of injectable progesterone 
prior to the onset of the TAI protocol. Five hundred twenty-eight Nellore (Bos indicus) heifers aging 14 
months were used, mean live weight 303.1±30.2 kg. All animals were evaluated by ultrasonography 
(Mindray® DP2200 Vet) at day -10 to detect the presence of corpus luteum (CL). At day 0, Only 
prepubertal heifers (without CL) were randomly distributed into 4 experimental groups: Negative Control 
Group (NCG, n=138), heifers received no hormonal treatment; Positive Control Group (PCG; n=134), 
animals received an 1g progesterone intravaginal device previously used (fourth use) for 24 days and i.m. 
treatment with 1mg of estradiol cipionate (EC) on the day of P4 device removal (day 12); Group 1-P4LA 
(1-P4LA; n=130), heifers receiving only an i.m treatment with 150mg of injectable long-acting P4 
(Sincrogest injetavel, Ourofino Saude Animal); and P4LA+EC Group (P4LA+EC; n=126), animals 
receiving treatment with 150mg i.m. of injectable long acting P4 at day 0 and 1 mg of EC i.m. on day 12. 
In all groups, TAI protocol was initiated 24 days after the onset of ciclicity induction protocol. Variables 
were analyzed by GLIMMIX procedure of SAS®. There was no interaction between lot and treatment 
(P=0.15). Cyclicity rate at day 24 was higher in heifers treated with cyclicity induction protocol [NCG: 
30.8%b (41/133); PCG: 66.2%a (88/133); 1-P4LA: 56.9%a (74/130); P4LA + EC: 57.9%a (73/126); 
P<0.001)]. Also, it was found that heavier heifers had a higher cyclicity rate [<270 kg = 38%b (25/66); 
between 270 and 300kg = 49%ab (92/188) and> 300kg = 59%a (159/268); P=0.01]. The pregnancy rate 
after TAI protocol for heifers previously submitted to cyclicity induction protocol was higher when 
compared to control group [NCG = 23.9%b (33/138); PCG = 38.8%a (52/134); 1-P4LA = 40.6%a 
(52/128); P4LA+EC = 29%ab (36/124); P=0.04]. In conclusion, a single i.m. treatment with 150mg of 
injectable long acting P4 increased cyclicity and pregnancy rates of Nellore heifers compared to the 
negative control group. However, no differences were observed between the positive control group and 
P4LA single treatment, which could be a great strategy to reduce heifers handling without compromising 
reproductive efficiency. 
Acknowledgment: Ourofino Saúde Animal, Cravinhos-SP, Brasil. 
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Improvement of follicular and luteinic growth following homeopathic treatment of heifers 

submitted to TAI 
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Aiming to evaluating the effect of supplementation with homeopathic product on follicular and CL 
development, ½ Nelore x Aberdeen Angus heifers (n = 40; 14 ± 1 months) were assigned into two 
groups: Control (n = 20; 310 kg; ECC 3.75) and Pró-cio (n = 20; 304 kg; ECC 3.72). All were maintained 
in pasture receiving mineral salt and water freely available and 500 g ground corn/animal/day. For the 
Pró-cio group, 20 g/animal of the homeopathic product were supplied with corn (Pro-cio®, Real H, 
Campo Grande, Brazil) since 28 days before TAI (D-18) until 10 days after TAI (D20). At D0, all heifers 
received an intravaginal P4 device (Fertilcare 600®, Vallée, Montes Claros, Brazil) and 2 mg EB 
(Fertilcare Benzoato Sincronização®, Vallée), IM. On D5, it was performed ultrasonography (linear 
transducer, 6 MHz; A5V, Sonoscape, Shenzhen, China) for counting of antral follicles ≥ 3 mm in 
diameter (AFC) and blood collection for the dosage of Anti-mülleriano hormone (AMH) by ELISA 
(Bovine AMH Elisa AL-114, Webster, EUA), using serum obtained by centrifugation at 3000 g for 15 
min. On D8, P4 device was removed and all heifers received 300 IU of eCG (Folligon®, MSD Saúde 
animal, São Paulo, Brazil), 530 µg of sodium cloprostenol (Ciosin®, MSD Saúde Animal), 0.5 mg of EC 
(Fertilcare Ovulação®, Vallée) IM, besides receiving an adhesive detection of estrous aid placed at the 
tail insertion (Fasco®, Alta Genetics, Uberaba, Brazil) and being evaluated for the diameter of the 
dominant follicle (DF). On D10, all heifers were inseminated with conventional semen from a single 
Brangus bull, and evaluation of heat detection and measurement of the preovulatory follicle (POF) was 
also performed. On D20, CL area was measured and CL blood flow (scale 0-4) was assessed by Doppler 
ultrasonography (PRF 0.5; WF 60/65; S8V, Sonoscape). The comparison between the groups was 
performed by the T-student test (parametric data) or Mann-Whitney (non-parametric data). The rates were 
analyzed by the binary logistic regression model. All analyzes were performed in the Minitab® 16.1.1 
program and P ≤ 0.05 was considered significant. There was no difference in AFC (29.1 ± 3.0 and 31.4 ± 
3.3) or AMH dosage (1,322.03 ± 241.15 and 1,274.44 ± 210.67 pg/ml; P>0.05). Heifers supplemented 
with the homeopathic product had larger diameters of DF, POF and CL; however, there was no difference 
in the conception rate to TAI between groups. 
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Effect of pre-exposition to injectable long acting progesterone on pregnancy rates of 
suckled beef cows submitted to the estrous synchronization protocol 
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The objective was to evaluate the effect of previous exposure of injectable progesterone (P4i) to FTAI 
protocol on the pregnancy rate of lactating Bos indicus cows with satisfactory body condition score. A 
total of 988 lactating Nelore cows (114 primiparous and 874 multiparous) with a body condition score of 
2.9±0.1 (1 to 5 scale) and postpartum between 30 and 60 days were used. Ten days before the initiation of 
ovulation synchronization protocol (D-10), cows were divided into two experimental groups (Control 
Group and P4i Group) and in the P4i group, cows received 150 mg of injectable progesterone (Sincrogest 
Injection ®, Ouro Fino, Brazil) intramuscularly. In both experimental groups, cows received 2.0 mg of 
estradiol benzoate (Sincrodiol®, Ouro Fino, Brazil) and an intravaginal progesterone device 
(Sincrogest®, Ouro Fino, Brazil) at D0. Eight days later (D8), the device was removed and cows received 
500 μg of Cloprostenol (Sincrocio®, Ouro Fino, Brazil), 1.0 mg of estradiol cypionate (SincroCP®, Ouro 
Fino, Brazil) and 300IU of equine chorionic gonadotrophin (eCG, SincroeCG®, Ouro Fino, Brazil). The 
pregnancy diagnosis was performed by ultrasonography 30 days after FTAI and in a subgroup of animals 
(n = 352), cyclicity was evaluated at the time of pregnancy diagnosis (presence of corpus luteum in non-
pregnancy cows). Statistical analysis was performed using the GLIMMIX SAS procedure. Pregnancy rate 
[Control 64.66% (322/498) and P4i 62.86% (308/490) P = 0.55] and cyclicity in pregnancy diagnosis 
[Control 39.77% (70/176) and P4i 39.56% (72/182) P = 0.78] were similar among the experimental 
groups. It is concluded that previous exposure of progesterone to FTAI protocol does not interfere in the 
pregnancy rate neither in cycliclity of lactating Nelore cows with satisfactory body condition score. 
Support: RG Genética Avançada, JÁ Reprogen, Ouro Fino Saúde Animal and FAPEMIG. 
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Energy and protein supplementation on follicular growth and pregnancy rate of Bos 
indicus lactating cows submitted to FTAI in a breeding season of 110 days 
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Effect of energy and protein supplementation on final follicular growth (FG) and pregnancy rate (P/AI) of 
lactating Nelore cows submitted to synchronization of ovulation were evaluated. Cows (n=342; between 
30 and 45 days postpartum and BCS of 2.6±0.1) were distributed in 2 experimental groups (Control and 
Supplement) 12 days before initiation of the FTAI protocol. Cows from control group received no 
supplementation and cows from Supplement received 2.5 kg supplement/day (2kg of ground corn, 400g 
of soybean meal and 100g of urea - 26.5% CP and 76.5% TDN) during 26 days (D-12 to D14) meeting 
the requirements for maintenance of Nelore lactating cows. Cows remained on B. humidicola pastures 
with free access to water and mineral salt while groups rotated between pastures. Twelve days after 
beggining of supplementation (D0), cows received 2mg of estradiol benzoate (Sincrodiol®, Ourofino, 
Brazil) and an intravaginal progesterone device (P4; Sincrogest®, Ourofino, Brazil). On D8, P4 device 
was removed and cows received 500µg of Cloprostenol (Sincrocio®, Ourofino Brazil), 300IU of eCG 
(SincroeCG®, Ourofino, Brazil) and 1mg of estradiol cypionate (SincroCP®, Ourofino Brazil). On D10, 
48 hours after P4 device removal, all cows were inseminated. Pregnancy diagnosis was performed 30 
days after FTAI by ultrasonography (US) and non-pregnant cows were resynchronized. After second 
FTAI, cows were placed with fertile bulls until the end of breeding season (110 days). In a subgroup of 
cows (n=173), US examinations were performed to evaluate the diameter of the dominant follicle (DF) 
and CL, final growth of DF and ovulation. Statistical analysis was performed by GLIMMIX procedure of 
SAS. There was no difference between experimental groups for FG between D8 and D10 (Control 
1.5±0.1mm/day e Supplement 1.6±0.1mm/day; P=0.80), CL ratio on resynchronization [Control 46.9% 
(50/106) and Supplement 57.6% (67/117); P=0.18], P/AI at first FTAI [Control 42.6% (72/169) and 
Supplement 46.8% (81/173); P=0.29] and P/AI at second FTAI [Control 33.0% (29/88) and Supplement 
42.6% (35/82); P=0.19]. Diameters of DF on D0 (Control 11.3±0.3mm and Supplement 11.8±0.2mm, 
P=0.04) on D8 (Control 9.4±0.2mm and Supplement 10.2±0.3mm, P=0.01), on D10 (Control 
12.2±0.3mm and Supplement 13.2±0.2mm, P=0.002), of CL on D14 (Control 16.0±0.4mm and 
Supplement 17.1±0.3mm, P=0.005), ovulation rate [Control - 77.8% (82/106) and Supplement - 
91.3%(107/117); P=0.0015] and pregnancy rate at the end of breeding season [Control 77.7%(115/148) 
and Supplement 87.8%(129/147); P=0.02] were higher on Supplement group. There was a tendency of 
greater manifestation of estrus [Control 70.8% (75/106) and Supplement 80.3% (94/117); P=0.09] and 
pregnancy rate by bull [Control 44.0% (26/59) and Supplement 61.7% (29/47); P=0.07] in cows on 
Supplement group. In conclusion, energetic and protein supplement increased fertility of lactating Nelore 
cows at the end of breeding season. 
Support: FAPEMIG; Agropecuária Água Preta. 
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Assuming the hypothesis that lactating Nelore cows with low follicle count (AFC) present a higher 
conception rate in a timed artificial insemination (TAI) protocol with temporary calf withdrawal, the 
objective of the present study was to evaluate the conception rate of suckling Nelore cows with low, 
intermediate and high AFC submitted to the TAI with temporary calf removal. A total of 342 Nelore 
cows (Bos taurus indicus), cyclic, with 48 to 120 months of age, 30 to 45 days postpartum and body 
condition score between 2.5 and 3.5 (range 1-5) were used in this study. On a random day of estrus cycle 
(Day 0), cows received an intravaginal device containing 1.9 g of progesterone (P4, CIDR®, Zoetis, São 
Paulo, Brazil) in association with intramuscularly (i.m.) injection of 2.0 mg estradiol benzoate 
(Gonadiol®, Zoetis). After 7 days, 48.2 mg of Cloprostenol sodium (i.m., Estron®, União Química, São 
Paulo, Brazil) was administered. On day 9, the intravaginal P4 device was removed; 1.0 mg of estradiol 
cypionate was administered (i.m., ECP®, Zoetis), and the calves were removed from the cows for a 
period of 48 hours until the time of the TAI (Day 11). The calves were kept at a management center with 
water, mineral salt, and ration ad libitum until reintroduced into cow’s lot after insemination. The 
pregnancy diagnosis was performed 30 days after the TAI by transrectal ultrasonography (Aloka, SSD 
500, Japan, 5 MHz linear transducer), in this same handling the AFC was evaluated, since this 
characteristic presents high individual repeatability during the reproductive phases. For determination of 
AFC, all follicles >3 mm were counted in each ovary and a total number of follicles were recorded for 
each cow. For the analysis, females (n = 342) were classified as low (1st quartile, ≤15 follicles, n = 119), 
intermediate (cows ≥ 16 and ≤39 follicles, n = 166) and high AFC (3rd quartile, ≥ 40 follicles, n = 57). 
Data were analyzed by the Minitab® 16.1.1. Statistical program, using the generalized linear model and 
logistic regression adopting P ≤ 0.05 to be significant. The mean number of antral follicles differed 
(P<0.0001) among low, intermediate and high AFC groups (13 ± 3, 26 ± 5 and 52 ± 16 follicles, 
respectively). The conception rate was similar (P=0.238) among cows with low (62.2%, 74/119), 
intermediate (60.2%, 100/166) and high AFC count (49.1%; 28/57). Although there was no difference in 
conception rate between the AFC groups, temporary calf removal resulted in a similar conception rate to 
other studies that related AFC and TAI using equine chorionic gonadotrophin. It was concluded that 
suckling Nelore cows classified as low, intermediate or high AFC showed a similar conception rate when 
submitted to TAI associated with temporary calf removal. 
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Effects of the administration of short-acting progesterone and intravaginal progesterone 
device permanence on follicular dynamics and pregnancy rate of resynchronized  

Bos indicus heifers 14 days after TAI 
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The objective was to evaluate the effect of a short-action progesterone (Afisterone®, CEVA, Brazil) 
injection and intravaginal progesterone device permanence (P4D) on follicular dynamics, pregnancy rate 
(P/AI) of the 1st TAI, 2nd TAI and the total (1st and 2nd TAI) and false positive rates (%False+) by Doppler 
ultrasonography in Nelore heifers submitted to super-early resynchronization. Fourteen days after the 
1st TAI (D14), 1065 Nelore heifers (24.5±0.1 months-old and 3.5±0.1 in BCS) received a P4D (Prociclar, 
CEVA, Brazil) and were allocated in a 2X2 factorial design to either receive or not 50mg of Afisterone® 
IM keeping the P4D in for 6 (6DayP4) or 8 days (8DayP4). At the removal of the P4D (D20 and D22) a 
Color Doppler ultrasound was used for pregnancy diagnosis for evaluation of the luteal vascularization. In 
non-pregnant heifers (low or absent luteal vascularization), 150µg of D-Cloprostenol (Veteglan®, CEVA, 
Brazil) and 0.6mg of estradiol cypionate (Cipionato HC, CEVA, Brazil) and 300UI of eCG (Folligon®, 
MSD, Brazil) were given. Timed AI was performed 48h after P4D removal. Heifers were scanned (B-
mode ultrasonography) at P4D removal and at the 2ndTAI, in order to measure the largest follicle (DF) 
and 30 days after the AI to evaluate P/AI. Heifers considered pregnant by Color Doppler ultrasonography 
were evaluated by B-mode ultrasound eight days later for pregnancy diagnosis and determination of 
%False+. Data were analyzed by the GLIMMIX procedure of SAS®. There were no interaction effects 
between Afisterone and P4D permanence. The P/AI by diagnosed by Doppler (P=0.88), 1st TAI (P=0.37), 
2nd TAI (P=0.47), total (P=0.65) and %False+ (P=0.27) did not differ between heifers receiving or not 
Afisterone. Similarly, P4D permanence did not influence P/AI by Doppler (P=0.36), 1st TAI (P=0.20), 2nd 
TAI (P=0.84) and total (P=0.43). However, the diagnosis by Doppler performed earlier (20 d post TAI) 
increase the %False+ [6DayP4 - 33.7% (106/315) vs. 8DayP4 - 23.3% (67/288); P=0.01]. The diameter of 
the DF (dDF) at P4D removal was similar between heifers receiving or not Afisterone (P=0.79), and 
larger in the 8DayP4 heifers (6DayP4 - 10.3±0.2mm vs. 8DayP4 - 11.2±0.2mm; P=0.001). Moreover, the 
dDF at TAI was larger in heifers receiving Afisterone (P4 - 12.9±0.2mm vs. NoP4 - 12.3±0.2mm; 
P=0.03) and similar between the P4D-permanence times (P=0.24). Additionally, the early ovulation rates 
(pre-TAI) were similar in heifers receiving or not Afisterone (P=0.13) and between the P4D-permanence 
times (P=0.14). It is concluded that in the beginning of super-early resynchronization protocols is not 
necessary to inject Afisterone and the reduction from 8 to 6 days in P4D permanence does not interfere 
with Nelore heifer fertility. However, early (20 d post TAI) Color Doppler ultrasound diagnosis of CLV 
increases the rate of false positives. 
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Estradiol esters in the induction and synchronization of ovulation in dairy buffaloes 
submitted to a TAI protocol during the nonbreeding season 
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The effect of the administration of two estradiol esters [Benzoate (EB) and Cypionate (CP)] was 
evaluated in the induction and synchronization of ovulation in dairy buffaloes submitted to a TAI protocol 
during the nonbreeding season (spring-summer; south hemisphere). It was hypothesized that CP have 
similar results to EB in the induction and synchronization of ovulation, and in the conception rate. The 
aim of CP utilization as ovulation inductor was to reduce the number of managements (4 to 3) and the 
cost of protocol implantation. At a random day of the estrous cycle (D0), in the morning period, 231 dairy 
buffalo females received an intravaginal progesterone device (P4; 1.0g; Sincrogest®, Ourofino 
Agribusiness, Brazil) and 2.0mg im of EB (Sincrodiol®, Ourofino Agribusiness). On D9 (morning), the 
animals received 0.53mg im of PGF2α (sodium cloprostenol, Sincrocio®, Ourofino Agribusiness) and 
400IU im of eCG (SincroeCG®, Ourofino Agribusiness, Brazil), followed by intravaginal P4 device 
removal. At this instant, buffaloes were divided into one of two groups (GEB; n=117 and GCP; n=114) 
according to the number of parturitions, postpartum period, body condition score, ovarian activity and the 
largest follicle diameter ( ) on D9. The animals from GCP received 1.0mg im of CP (SincroCP, 
Ourofino Agribusiness) on D9 (morning) and, 24h later (D10), buffaloes from GEB received 1.0mg im of 
EB (Sincrodiol®). All buffaloes were submitted to TAI 56h after PGF2α administration (D11, afternoon). 
In a subset of animals (GEB, n=27 and GCP, n=29), the ovaries were evaluated by ultrasonography 
(Mindray DP2200Vet, China) on D0, on D9 and D10 (24h interval), and from D11 to D13 (12/12 hours), 
to verify the ovarian activity, to establish the follicular diameters, the follicular growth rate, the time of 
ovulation and the ovulation rate. The other buffaloes were also submitted to ultrasonography (Mindray 
DP2200Vet) for measuring the ovarian activity (D0 and D9), the largest follicle  (D9) and to pregnancy 
diagnosis (D41). Statistical analyses were performed using the GLIMMIX procedure of SAS®. There was 
no difference between the experimental groups (GEB vs. GCP) for the variables ovulatory follicle Ø 
(13.4±0.5mm vs. 13.0±0.5mm; P=0.72); time of ovulation (71.0±1.4h vs. 68.2±2.8h, P=0.35) and the 
ovulation rate [70.4% (19/27) vs. 62.1% (18/29); P=0.31]. It was verified a greater follicular growth rate 
between PGF2α administration and TAI (1.1±0.1mm/day vs. 0.9±0.1mm/day; P=0.08), follicular Ø on 
TAI (12.5±0.5mm vs. 11.3±0.6mm; P=0.08) and lower conception rate [36.2% (42/116) vs. 49.5% 
(56/113); P=0.04] in animals from GEB compared with GCP, respectively. It was concluded that the 
induction of ovulation with CP results in satisfactory follicular response, ovulation and conception rates 
in buffaloes synchronized for TAI during the nonbreeding season, with reduction in the number of 
managements and in the costs of protocol implantation. 
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Effects of antral follicles count (AFC), weight and age on the pregnancy rate after FTAI of 

Nellore heifers 
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The aim of this study was to evaluate the effects of antral follicles count (AFC), weight and age on the 
pregnancy rate of Nellore heifers. The experiment was carried out at São Judas Farm, county of 
Anastácio-MS. A total of 139 PO heifers aged between 13 and 28 month, with a mean weight of 323 ± 
43.9 kg, maintained on pasture and considered suitable for reproduction from 275 kg regardless of age, 
were used. For the follicular counting procedure, an ultrasound device with SonoScape A5 VET® 
transrectal transducer was used on random days of the estrous cycle. All follicles ≥ 2 mm in diameter in 
both ovaries were counted to characterize AFC, with the operator rotating approximately 180 °, so that all 
follicles were counted without repetition. Immediately after folicle counting, with the aid of "cineloop" 
the conference of the AFC was performed. After follicle counting, the animals were weighed and 
submitted to the FTAI protocol. On D0, animals received 2 mg of estradiol benzoate (i.m.; RIC-BE®, 
Agener União, Brazil) and intravaginal device with 1 g of P4 (Primer®, Agener União, Brazil). On D8 P4 
devices were removed and IM 1 mg estradiol cypionate (ECP®, Zoetis, Brazil), 150 μg d-cloprostenol 
(Prolise®, Arsa, Argentina) and 300 IU eCG (Folligon®, MSD, São Paulo Brazil). AI was performed 
after 48 hours of withdrawal from the device. The animals were submitted to the diagnosis of gestation 30 
days after the AI with the aid of transrectal ultrasonography. The data were analyzed by PROC 
GLIMMIX and PROC LOGISTIC of SAS, and the effects included in the model were: age, weight, AFC 
and pregnancy. The variables that did not have significant effects were removed from the model. There 
was no effect of heifer weight (P = 0.097) and AFC (P = 0.1687) on the pregnancy rate for FTAI, but age 
had a significant effect (P = 0.008), the greater the age the higher the pregnancy rate. Mean AFC was 21.2 
± 9.2 follicles between the animals and no difference (P> 0.05) was observed between the ages. The 
pregnancy rate at 30 days was 21.6%. It was concluded that AFC did not differ between heifers from 13 
to 28 months and had no influence on pregnancy, nor did weight change the pregnancy rate. However, 
pregnancy is influenced by age till 28 months. 
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submitted to two timed-AI in 22 days 
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We aimed to evaluate the preovulatory follicle (fol) size and pregnancy rates in Nelore lactating cows 
submitted to a super-early resynchronization at 12 days after first timed-AI (TAI) with or without the use 
of long-acting injectable progesterone (P4-LA). Pluriparous (n=293) and primiparous (n=83) Nelore 
cows, with body condition (BC) between 4 and 6 (scale: 1 to 9), were submitted to a 
progesterone/estradiol based timed-AI protocol (D0 = insemination). On D12, animals were divided into 
2 groups (G). In the control G (n=184) cows received a new P4 intravaginal device (0.96 g; Progestar, 
Boehringer-Ingelheim, Campinas, Brazil); whereas in the P4-LA G (n=192) cows received the P4 device 
and 75mg P4-LA (Sincrogest Injetável, Ourofino, Cravinhos, Brazil). On D20, the devices were removed 
and cows underwent color-Doppler ultrasonography (US) evaluation to identify non-pregnant females by 
structural regression of corpus luteum, as established by Pugliesi et al (Biol of Reprod, 4:1-12, 2014). 
Cows identified as non-pregnant on D20 (n=120) was retired P4 intravaginal device and applied 500ug of 
sodium cloprostenol (Cioprostin, Boehringer-Ingelheim), 1mg of estradiol cypionate (SincroCP, 
Ourofino) and 300 IU of eCG (Ecegon, Biogensis Bagó, Vinhedo, Brazil) and were re-inseminated on 
Day 22. The manifestation of estrus was verified by the use of a marker stick at the base of the tail and 
visualization of the total or partial loss of the marking on the day of the TAI (D22). The size of the largest 
ovarian fol was measured by transrectal US on the day of TAI. The pregnancy diagnosis was performed 
on D52 by B mode US. The parametric data were evaluated by ANOVA (PROC MIXED) and the 
pregnancy rate by logistic regression (PROC GLIMMIX) of SAS, considering BC, fol size, and estrus in 
the model. There was no difference (P>0.10) in the pregnancy rate at D20, 30 and 60 after first TAI 
between the control (69%, 59.7% and 57%, respectively) and P4-LA (67%, 55.7%, and 55.2%, 
respectively) G. Pregnancy loss between D20 and D30 was 13.3% (17/127) in the control G and 17% in 
the P4-LA G (22/129; P>0.1). Pre-ovulatory fol size at second TAI did not differ, between control and 
P4-LA (13.3 ± 0,38mm vs 13.5 ± 0,39mm respectively; P>0.1). No interaction among the variables 
studied were detected. However, the estrous and pregnancy rates were greater (P<0.05) in the P4-LA G 
(92.2% [59/64] and 60.9% [39/64]) than in the control G (75% [42/56] and 44.6% [25/56]), respectively. 
The accumulative pregnancy rate at 30 days after two TAIs was 73.4% (135/184) in the control G and 
79.3% (146/184) in the P4-LA G (P>0.1). The use of P4-LA at 12 days after TAI for super-early 
resynchronization associated with the Doppler imaging pregnancy diagnosis is an advantageous 
alternative to improve pregnancy rates in Bos indicus beef cows submitted to two TAI in 22 days. 
Acknowledgment: FAPESP (processes: 2015/10606-9; 2016/23964-3; and 2017/26767-7); Ourofino; P-
USP; and Boehringer-Ingelheim. 
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The objective of this study was to evaluate the number of the prostaglandin doses in resynchronization 
protocol on the pregnancy rate. This study was performed during the 2017-2018 breeding season on 10 
commercial farms located in the central and southwest region of Rio Grande do Sul, Brazil. A total of 
2,347 Bos taurus beef cows (Angus, Hereford) with body condition score 2.90 ± 0.15 (1 = thin, 5 = 
obese) and 40 ± 5.1 days post-partum were used. The synchronization protocol for first TAI all cows 
received a new P4 intravaginal progesterone device (CIDR®, Zoetis, Brazil) and 2mg of estradiol 
benzoate (EB, im, Gonadiol®, Zoetis) on Day -11. On Day 4 was administered 12.5 mg of dinoprost 
tromethamine (PGF, im, Lutalyse®, Zoetis) and on Day 2 the 0.6 mg of estradiol cypionate (ECP® im, 
Zoetis) and 300 IU of eCG (im, Novormon®, Zoetis) was applied and P4 device was removed. The AI 
was performed on Day 0 (48 hours after P4 device removed). The resynchronization protocol was started 
on Day 23 in all cows and it was randomly distributed to receive a new, used1x or used2x P4 device 
(CIDR®) and given 2 mg of EB. On Day 30 the pregnancy diagnosis was performed by transrectal 
ultrasonography. In pregnant cows (n=1,021) the P4 device were withdrawn. At moment the non-
pregnant cows (n=1,326) was randomly by presence of CL in ovary in two groups. The group 1PGF (n= 
674) the single application of PGF was performed on Day 30, and group 2PGF (n=652) was injected PGF 
on Days 30 and 32. On Day 32, all cows received eCG, ECP and P4 device was removed. AI of 
resynchronization protocol was performed in both groups on Day 34 (48h hours after P4 device removed) 
and pregnancy diagnosis was performed on Day 64. Data were analyzed using the Glimmix procedure of 
SAS. The pregnancy rate obtained in the synchronization protocol was 56.5% (1021/2347). The 
pregnancy rate in resynchronization protocol was similar between PGF doses 1PGF [1PGF=39.5% 
(266/674); 2PGF=40.6% (265/652), (P=0.49). No interaction was observed in P4 device new, used 1x, 
used 2x and PGF treatment (P=0.38). The pregnancy rate was similar when compared 1PGF or 2PGF 
using new P4 [1PGF = 43.2% (35/81); 2PGF = 56% (93/166), (P=0.67)], used 1x [1PGF = 39% 
(163/418); 2PGF = 40.6% (40/345), (P=0.64)], used 2x [1PGF = 38.9% (68/175); 2PGF = 22.7% 
(32/141), (P=0.14)]. The pregnancy rate was similar with the use of one or two doses of prostaglandin. In 
conclusion is possible to suppress a second dose of prostaglandin in resynchronization protocol without 
compromising the pregnancy rate in Bos taurus beef cows. 
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The aim of this study was to evaluate the effect of oral supplementation with melengestrol acetate 
(MGA®, Zoetis, Brazil) in pregnancy rate after TAI and reproductive performance at the end of the 90-
day breeding season. A total of 242 animals (BCS=2.88 scale 1-5) from 2 farms were used (90 cows: 45 
days postpartum and 152 heifers). At the onset of the synchronization (D0), animals were examined by 
ultrasound to evaluate the presence of CL (CLD0=45%) and received an intravaginal P4 device (CIDR, 
Zoetis) plus 2 mg of estradiol benzoate IM (Gonadiol, Zoetis). On D7, 12.5 mg of dinoprost IM 
(Lutalyse, Zoetis) were administrated. The P4 device was removed and it was administered 0.5mg of 
estradiol cypionate IM (ECP, Zoetis) plus 300IU of eCG (Novormon, Zoetis) on D9. The TAI was 
performed 48h later (D11). On the 13th day after TAI until day 18, the heifers and cows were 
homogeneously divided into cyclicity and BCS and category into 2 groups: Group MGA (n = 117) 
that received 2.28 g of MGA® Premix (Zoetis, Brazil) per day mixed with salt (equivalent to 0.50 mg 
Melengestrol Acetate) and noMGA Group (n = 125) that received only salt. The breeding season with 
bulls occurred from D19 up to D90.  The diagnosis of pregnancy was performed at D30, D90 and 
D120. The variables were analyzed using the procedure GLIMMIX of SAS, the averages were compared 
by Tukey-Kramer test. There was no effect of the animal category. The cyclicity rate (presence of CL) on 
day 30 was 68.0 and 93.2% for the MGA and noMGA groups (P =0.08), respectively. The pregnancy rate 
at D30 was 38.4% and 40.2% (P=0.44) and in D90 was 74.4% and 88.9% (P=0.09) in groups noMGA 
and MGA group, respectively. The pregnancy loss between days 30 and 120 was 18.8% and 4.1% for the 
groups noMGA and MGA, respectively (P <0.05). Based on the results obtained, it can be inferred that 
the supplementation with MGA did not improve the pregnancy rate at 30 days, but increased the 
pregnancy rate at the end of the breeding season. A greater number of animals should be tested for data 
confirmation as well as evaluate the effect on different categories of animals and different conditions of 
cyclicity.  
Acknowledgment: Zoetis, Fazendas Baviera and Estância São José. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.337, Jul./Sept. 2018 337 

A022  TAI/FTET/AI 
 

Effect of treatment with injectable progesterone at the onset of super precocious TAI 
ressincronization protocol on TAI pregnancy rates of Nellore heifers 

 
W.A. Gonçales Junior1, M.H.A. Colli1, B.L.C. Catussi1, R.G. Rezende1, D.L. Andrea2,  

M.W. Castro2, B.G. Freitas3, B.M. Guerreiro3, P.S. Baruselli1 

 
1USP - Universidade de São Paulo, São Paulo, SP, Brasil; 2NA - Nova Aliança, Campo Grande, MS, Brasil; 

3Ourofino Saúde Animal, Cravinhos, SP, Brasil. 
 
 

Estradiol treatment induced luteolysis and compromised the conception rate when administered 13 days 
after TAI (Vieira et al., 2014 SBTE). The injectable P4 could be used to promote the follicular wave 
emergence through the LH dependent dominant follicle suppression (Rezende et al., 2016 SBTE). The 
aim of this study was evaluate the pregnancy rates of Nellore heifers, submitted to P4 treatment or not, at 
the onset of superearly TAI ressincronization protocol. For this, 1000 Nellore heifers (24±4 months of age 
and 320±20 kg) were submitted to a first TAI protocol. Fourteen days after the first AI, the heifers were 
homogeneously distributed into three groups: G-A50, 50 mg IM of injectable progesterone (Afisterone®, 
Hertape, Brasil) associated to a previously used for eight days 1.9g progesterone intravaginal device 
(CIDR®, Zoetis, Brasil); G-P4LA50, 50 mg IM of injectable progesterone of long action (Sincrogest 
injetável®, Ouro fino, Brasil) associated to a previously used, for eight days, 1.9g progesterone 
intravaginal device (CIDR, Zoetis) and G-CONT, only a previously used, for eight days, 1.9g 
progesterone intravaginal device (CIDR®, Zoetis). Eight days after the distribution (D22), all heifers were 
submitted to the removal of the P4 device and pregnancy diagnosis by color Doppler ultrasound (S8®, 
Sonoscape, China). The animals with negative diagnosis (Pugliesi et al, 2017), were submitted to 
ultrasound examination to measure the major follicle present on the ovaries (DFD22) and the second TAI 
protocol continuation (G-A50, n=184; G-P4LA50, n=164; and G-CONT, n= 176). At day 22, the heifers 
with negative pregnancy diagnosis (PD) received 12.5 mg IM of Dinoprost tromethamine (Lutalyse®, 
Zoetis), 200 IU of eCG (Novormon®, Zoetis), 0.5 mg of Estradiol cypionate (ECP®, Zoetis) and the tail 
basis was painted with a wax stick (Walmur®, Brasil), for the heat detection between D22 and D24. All 
animals were inseminated on day 24, by the same inseminator and using the same bull and batch. The 
resyinchronization pregnancy diagnosis was performed by B mode ultrasound (DP2200®, Mindray, 
China), 70 days after the 2° AI. Data were analyzed by GLIMIX procedure of SAS 9.3. There were no 
significant differences between treatments on DFD22, G-A50: 10±2.1mm; G-P4LA50: 9.8±2.0mm and 
G-CONT: 9.7±2.2mm; P= 0.23 and on heat expression G-A50: 68% (123/182); G-P4LA50: 62% 
(102/164); G-CONT: 69% (121/175); P=0.62. There was also no difference on pregnancy rate between 
treated and control groups G-A50: 38.0% (70/184); G-P4LA50: 38.4% (63/164); G-CONT: 34.7% 
(61/176) P= 0.65. There were no differences on orthogonal contrast analyses (G-A50 vs G-P4LA50; P= 
0.89) and on control vs. treated, G-CONT vs G-A50 + G-P4LA50; P= 0.35. No statistical difference was 
found between groups, showing the need for more studies to determine the necessity or not of use of 
injectable progesterone at the onset of super precocious TAI protocol ressynchronization. 
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The objective of this study was to evaluate the association between embryo production and pregnancy 
rate using bulls of high and low fertility in the field. The bulls' fertility was predetermined in comparative 
trials done by the partner company for this experiment, using the bulls in the same lot and presenting 
statistical differences on pregnancy rate to TAI, determining high and low fertility bulls. For this, 426 
Nellore lactating cows were synchronized for TAI. At the onset of the synchronization protocol (D-10) 
2mg, IM of Estradiol Benzoate (RIC BE®, Agener União, Tecnopec, São Paulo/SP) was administered 
associated with an intravaginal progesterone device impregnated with 0.750g of P4 (Prociclar®, Hertape, 
Brasil). After 8 days (D-2), the P4 device was removed and 1mg, IM of Estradiol Cipionate (ECP®, 
Zoetis, São Paulo/SP), 0.150mg de D-cloprostenol (Veteglan Luteolítico®, Hertap, Brasil) and 300IU of 
eCG (Novormon®, Zoetis, São Paulo/SP) were administrated. After 48h of device removal (D0), all 
females were inseminated using high (n=3) or low (n=3) fertility Angus bulls semen. Seven days after the 
TAI (D7) the ovulation rate was evaluate by ultrasound (DP2200® Mindray, China), and the cows were 
homogeneously distributed according to bull and ovulation in two groups: Flushing Group (FG) and 
Pregnancy Group (PG). The FG animals were submitted to the collection of embryos by the non-surgical 
method, in the horn ipsilateral to ovulation. The filters were washed and the embryos were traced in 
stereomicroscope (Olympus, EUA). The embryos were classified according to IETS standards, washed in 
PBS plus 1% Polyvinylpyrrolidone (PVP) and cryopreserved in liquid nitrogen. The pregnancy diagnosis 
of the PG was performed 30 days after the TAI (D30). Data were analyzed by Fischer’s exact test and 
SAS® GLIMIX procedure. There was no difference on the recovery rate of structures according to the 
fertility of the bull: high – 38.2% (39/102) and low – 31.1% (32/103), (P=0.31). Concerning the viability 
of the embryos, the high fertility bulls presented difference (P <0.001) between viable 87.2% (34/39) and 
non-viable 12.8% (5/39) embryos. Low fertility bulls did not present this difference (viable 59.4% (19/32) 
and non-viable 40.6% (13/32), P=0.28). High fertility bulls presented higher rate (P=0.013) of viable 
embryos (87.2%; 34/39) when compared to bulls with low (59.4%; 19/32) fertility. There was difference 
(P=0.03) in the pregnancy rate at TAI between high (54.6%; 48/88) and low fertility (38.2%; 34/89) bulls. 
High fertility bulls produced embryos of greater viability, therefore there is a need for further studies to 
clarify this fact. 
Acknowledgment: ST Repro, Zoetis, Biodux, WTA, Progênie Pecuária, APTA – Andradina, Fazenda 
Santa Maria, Fazenda Nova Esperança. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.339, Jul./Sept. 2018 339 

A024  TAI/FTET/AI 
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The objective of the present study was to evaluate the effect of antral follicle count (AFC) and body 
condition score (BCS) on puberty induction in heifers. Nelore heifers (n=336), 22 to 24 months of age, 
with 260 to 280 Kg body weight, and body condition score between 2.25 and 3.25 (1=thin  to 5=obese 
scale) were used. The animals were submitted two ultrasonographic examinations with a 14 day apart, to 
evaluate the cyclicity by the presence of CL and AFC (follicles >3 mm). The experimental groups were 
divided by tertile (n = 112) in high AFC (32 to 64 follicles), mean AFC (22 to 30 follicles) and low AFC 
(6 to 20 follicles). Prepubertal females received an intravaginal progesterone device (CIDR, Zoetis, 
Brazil) previously used by 32 days. Ten days later, the devices were withdrawn and given 1 mg of 
estradiol benzoate (Gonadiol, Zoetis, Brazil) via IM. The animals were submitted to ultrasonography 10 
days later for CL detection. The results were analyzed by logistic regression (p <0.05). The cyclicity 
evaluation resulted 47.0% (158/336) of the heifers with CL. Heifers with low AFC presented lower (p 
<0.001) cyclicity rate (33.9%, 38/112) than heifers with mean (52.6%; 59/112) or high AFC (50.0%, 61 / 
112). The rate of cyclicity was influenced by BCS (p = 0.02); [BCS≤2.5: 18.4% (7/38); BCS = 2.75: 
52.6% (42/85); BCS ≥3.0: 50.0%; 104/213)]. The induction of puberty (n = 178 prepubertal heifers) 
showed similarity (p = 0.30) among heifers with high: 66.6% (34/51); mean: 86.7% (46/53) and low 
AFC: 77.0% (57/74). The induction of puberty was not influenced by BCS (p = 0.65); [BCS ≤2.5: 77.4% 
(24/31); BCS = 2.75: 72.0% (31/43); BCS ≥3.0: 78.8%; (82/104)]. In conclusion, AFC and BCS stood out 
as important aspects in the assessment of heifer cyclicity. AFC presented promising results and may be a 
relevant factor in the evaluation of prepubertal heifers. However, AFC was not highlighted as a predictive 
parameter in the induction of puberty in heifers. 
Acknowledgements: Fundação Araucária do Estado do Paraná. 
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The present study aimed to evaluate the effect of cyclicity, antral follicles count (AFC) and body 
condition score (BCS) on the pregnancy rate of Nelore cows submitted to timed artificial insemination. A 
total 979 Nelore cows, 30 to 45 days post-partum with BCS of 2.7±0.5 (range 1 - 5), in the region of 
Congonhinhas, State of Parana was used. The animals were submitted to two ultrasound examinations 
with an interval of 14 days for evaluation of cyclicity by the presence of CL, and antral follicles>3 mm 
were counted by ultrasonography, using transrectal linear probe. At the time of the second ultrasound 
evaluation, the animals received an intravaginal progesterone device (CIDR®, Zoetis, Brazil) and 2mg of 
BE (Gonadiol®, Zoetis, Brazil). Nine days later, the implants were removed and the animals received 
12.5 mg of dinoprost (Lutalyse®, Zoetis, Brazil), 300IU eCG (Novormon®, Zoetis, Brasil) and 1.0 mg 
EC (ECP®, Zoetis, Brazil). Forty-eight hours later the cows were inseminated and pregnancy diagnosis 
was performed 35 days later by ultrasonography examination. Data were analyzed by logistic regression 
(p <0.05). The proportion of cycling cows was 15.0% (146/979). Cows were classified according to AFC 
(mean ± standard deviation) in groups of high AFC (35.5±5.5 follicles, n=185), medium AFC 
(20.8±8.5follicles, n=629) or low AFC 10,7±1,8 follicles, n=165). The AFC was greater (p = 0.001) in 
anestrus cows (21.0 ±8.5 follicles) than in cycling cows (18.6±8.2 follicles). However, AFC was not 
affected by BCS (BCS ≤2.5: 20.7±8.3; BCS =2.75: 21.6±9.1 e BCS ≥ 3.0: 21.9±9.5 follicles). Pregnancy 
results were similar (P=0.35) for cycling and anestrus cows (60.2%, 88/146 vs. 56.0%, 466/833, 
respectively). Pregnancy rate was influenced (P=0.005) by AFC [high: 49.7% (92/185)a; medium: 56.1% 
(353/629) ab; low: 66.0% (109/165) b] and BCS (P=0.02); [BCS ≤2.5: 49.6% (151/304)a; BCS =2.75: 
56.2% (188/334) ab; BCS ≥3.0: 63.4%; 215/341)b].The pregnancy rate showed interaction with BCS (p = 
0.02), and AFC (p = 0.004), resulting in higher pregnancy rate in cows with low AFC and better BCS 
[high AFC / BCS ≤2.5: 33.3% (16/48)a, high AFC / BCS =2.75: 51.6% (32/62)b, high AFC / BCS ≥3.0: 
57.8% (44/76)b, medium AFC / BCS ≤2.5: 53.0% (106/200)a, medium AFC / BCS =2.75: 58.2% 
(127/218)a, medium AFC / BCS ≥3.0: 58.3% (122/209)a, low AFC / BCS ≤2.5: 51.7% (29/56)a, low AFC 
/ BCS =2.75: 53.7% (29/54)a, low AFC / BCS ≥3.0: 87.5% (49/56)b]. In conclusion, cows with lower 
AFC and higher BCS had better pregnancy rates. Therefore, AFC and BCS deserve to be highlighted as 
important aspects in the previous assessment of the fertility of cows for timed artificial insemination. 
Acknowledgements: Fundação Araucária do Estado do Paraná. 
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This study aimed to evaluate the influence of sodium cloprostenol (PGF2α) on D0 and/or buserelin 
acetate (GnRH) at the time of AI on pregnancy per AI (P/AI) in heifers submitted to an E2/P4-based 
FTAI protocol with 7d of P4 implant. Nulliparous Nelore heifers (n=899; ~2yr old), with BCS 2.7±0.01 
(1-5 scale) and body weight of 353 kg were randomly assigned to 1 of 4 groups. On D0, P0G0 group 
received estradiol benzoate (1.5mg) and a new intravaginal P4 device (0.5g). After 7d (D7) the device 
was removed and PGF2α (0.53mg), eCG (200 IU) and estradiol cypionate (0.5 mg) were administered, 
followed by FTAI performed on D9. The groups P1G0 and P0G1 were submitted to the same protocol 
described above, differing by treatment with PGF2α (0.530 mg) on D0 or GnRH (8.4 µg) at AI, 
respectively. Heifers from the P1G1 group were treated with both PGF2α on D0 and GnRH on D9. Estrus 
expression was evaluated at AI using tail-chalk. The hormones used were from GlobalGen Vet Science, 
Jaboticabal, SP, Brazil. Ultrasound exams were performed to evaluate the presence of corpus luteum (CL) 
on D0, and on D40 for pregnancy diagnosis. Statistical analyses were performed by GLIMMIX and 
MIXED of SAS (LSM±SEM; P≤0.05). Considering all heifers, no difference (P=0.3) on P/AI between 
treatments was detected [P0G0= 37.9% (80/211); P1G0= 46.9% (112/240); P0G1= 48% (112/232); 
P1G1= 49.7% (108/216)], but there was a tendency (P=0.06) for GnRH effect [with GnRH = 48.8% 
(213/436) vs without GnRH = 42.3% (188/445)]. There was also a major effect (P<0.0001) of ciclicity on 
P/AI [55.5% (319/574) with vs 35.9% (110/307) without CL on D0]. Considering only cyclic heifers, 
GnRH treatment improved (P=0.02) P/AI [with GnRH = 60.5% (178/294) vs without GnRH = 50.7% 
(142/280)], but PGF2α had no effect (P=0.4). Regarding heifers without CL on D0, an interaction 
(P=0.02) between PGF2α and GnRH was detected. Heifers from P1G0 group had greater P/AI than P0G0 
[46% (41/88) vs 25.6% (20/78)]. Overall estrus expression was 73.4% (660/899), with no difference 
between groups. Cyclic heifers had more estrus than heifers without CL on D0 [83.9% (493/587) vs 
53.9% (168/311)]. Independent of ciclicity status, heifers with expression of estrus had greater (P=0.02) 
P/AI than heifers not detected in estrus [48.7% (317/650) vs 39% (90/231)], with effect of ciclicity 
(P<0.0001). Also, there was no interaction between treatment with GnRH at the time of AI and 
expression of estrus on P/AI [heifers with estrus that received GnRH = 53.2% (171/322) vs heifers with 
estrus not receiving GnRH = 44.3% (150/338); P=0.3]. Heifers not detected in estrus and treated with 
GnRH [39.2% (49/126)] had similar P/AI as heifers not in estrus and without GnRH [38.9% (44/113); 
P=0.3]. In summary, treatment with PGF2α on D0 had minor or no effect on P/AI, but GnRH at the time 
of AI seems to have improved fertility of Nelore heifers submitted to a shorter E2/P4-based FTAI 
protocol.  
Acknowledgments: GlobalGen and JP Agropecuária. 
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The evaluation of corpus luteum (CL) size is positively correlated to P4 circulating concentrations. In 
addition, the evaluation of CL vascularization represents more precisely the CL function (Bollwein et al. 
2002; 2012). Higher concentrations of P4 are related to greater development of the concept (Mann and 
Lamming, 2001) and greater probability of pregnancy. The objective of this study was to evaluate if CL 
vascularization impacts the conception rate of Girolando recipients submitted to fixed-time embryo 
transfer (FTET). Cows (n=129) and heifers (n=352) were synchronized with the following FTET 
protocol: D-11, 2mg estradiol benzoate i.m (Gonadiol®, Zoetis, Brazil) administered concomitantly with 
the insertion of the intravaginal device of 1.9g P4 (CIDR®, Zoetis, Brazil); in D-4, 12.5mg of dinoprost 
i.m (Lutalyse®, Zoetis, Brazil) was administered; in D-2, 1mg estradiol cipionate i.m (cows) or 0.5mg 
i.m (heifers) (ECP, Zoetis, Brazil) and withdrawal of CIDR; in D7 embryo transfer was performed in 
animals with CL, evaluated by Doppler ultrasonography (Mindray Z5 Vet, DPS®). At this moment the 
degree of vascularization of the CL was determined: peripheral and central blood perfusion (PPC), 
peripheral blood perfusion only (PP), absence of blood perfusion (PA). Embryo transfer was performed in 
the uterine horn ipsilateral to CL, fresh embryos produced in vitro were used. The pregnancy diagnosis 
was performed on D32 and D60. The pregnancy rate of the animals according to the CL classification at 
the time of FTET was evaluated. To evaluate the binomial variables, PROC GLIMMIX from SAS (Cary, 
USA) was used. Significance was considered when P≤0.05 and tendency when P≤0.10. In heifers, 68% 
(241/352) showed CL PPC, 26% (90/352) PP and 6% (21/352) AP, whereas in cows, 74% (96/129) 
presented CL PPC, 23% (30/129) PP and 2% (3/129) AP. In heifers CL PPC presented a higher 
conception rate at 30 days [56% (135/241); P = 0.05] in relation to CL AP [33.3% (7/21)], and CL PP did 
not differ from the others [50% (45/90); P> 0.10]. In cows, there was no difference in the pregnancy rate 
among the CL blood perfusion classes [PPC = 42.1% (39/93), PP = 40% (12/30), AP = 33.3% (1/3), P = 
0.94]. There was no effect of CL class on pregnancy loss between 30 and 60 days in heifers [PPC = 9.6% 
(15/135), PP = 11.1% (6/45), AP = 14.3% (1/7), P = 0.9], and cows [PPC = 17.5% (7/40), PP = 16.6% 
(2/12), AP 0% (0/1) P = 0.90]. In conclusion, heifers with no CL perfusion had a lower conception rate, 
however, only 6% of the animals had this degree of vascularization. In cows, this effect was not observed 
and only 2% of the animals had no CL perfusion. The use of this evaluation technique for the 
vascularization of the corpus luteum would not bring significant improvements in fertility in FTET 
programs, since only 5% of the animals had no CL perfusion. 
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The present study evaluated the use of different dosages of short-acting injectable progesterone P4 
(Afisterone®, Hertape Calier, Juatuba, Brazil) in the super-precocious resynchronization protocol. For 
this, 690 cows were used, 635 Nellore (Bos indicus) and 55 crossbred (Bos taurus x Bos indicus), mean 
BCS of 2.99 ± 0.4, from three properties located in the State of Paraná, Brazil; [Farm A (n= 162), Farm B 
(n= 333) and Farm C (n= 195)]. The conception rate at first FTAI was 55.7% (384/690). Non-pregnant 
animals (n= 306) were resynchronized and reinseminated. The resynchronization protocol consisted on 
the insertion of a P4 device (Fertilcare 1200®; Vallé, Montes Claros, Brazil) 14 days (D14) after 1st TAI, 
in all animals of the lot, associated or not to different doses of short-acting injectable P4 i.m according to 
the following treatments: Control Group [intravaginal P4 device only; n= 101], Group P4-50 [50mg of 
injectable P4 (Afisterone®, Hertape Calier, Juatuba, Brazil); n= 100] and Group P4-100 [100mg of 
injectable P4 (Afisterone®, Hertape Calier, Juatuba, Brazil); n= 105]. On day 22 (D22) the P4 intravaginal 
devices were removed and transrectal ultrasonography evaluation, using a frequency of 7.2 MHz 
(SonoScape®S8) was performed. The pregnancy diagnosis was performed by CL functionality, through 
the color Doppler mode; taking as reference, blood flow >25% for pregnant cows. Cows diagnosed as 
non-pregnant were treated with 0.530 mg of sodium cloprostenol i.m. (Ciosin®, MSD, São Paulo, Brazil) 
associated with 1 mg estradiol cipionate (EC) i.m. (Fertilcare Ovulation®, Vallé, Montes Claros, Brazil) 
and 300 IU of eCG i.m. (Folligon®, MSD, São Paulo, Brazil). The 2nd AI was performed 48 hours after 
removal of the P4 device (D24). The gestation diagnosis of resynchronization was performed 30 days 
after insemination (D54). The data were analyzed by the GLIMMIX SAS procedure. No interaction was 
observed between group*category (P = 0.68) and group*farm (P = 0.31) in the resynchronization 
pregnancy rate. There was no difference in the pregnancy rate according to the experimental groups 
[Control grouP= 35.7% (36/101); Group P4-50= 37.0% (37/100); Group P4-100= 39.1% (41/105); P = 
0.80]. It was concluded that pregnancy rate in the 14 day resynchronization protocol, using Doppler 
ultrasonography, was not increased using different dosages of short-acting injectable P4. 
Acknowledgments: Firmasa Group©, Ouro Fino Ranch and Casacchi and Empyreo Farm. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

344 Anim. Reprod., v.15, n.3, p.344, Jul./Sept. 2018 

A029  TAI/FTET/AI 
 

Effect of PGF2α treatment at the start of an E2/P4-based FTAI protocol (7 days of P4 
implant) on expression of estrus and fertility of Nelore females 

 
L.O. Silva1, G. Madureira1, C.E.C. Consentini1, J.C.L. Motta1, R.L.O.R. Alves1, A.B. Prata2,  

F.R. Manicardi3, D.P.D. Lanna1, M.C. Wiltbank4, R. Sartori1 

 
1ESALQ/USP - Department of Animal Science, Luiz de Queiroz College of Agriculture of University of São Paulo, 

Piracicaba, SP, Brazil; 2GlobalGen - GlobalGen Vet Sience, Jaboticabal,SP, Brazil; 3Sta Helena Farm - Santa 
Helena Farm, Bom sucesso, PR, Brasil; 4UW - Department of Dairy Science, University of Wisconsin,  

Madison, WI, USA. 
 
 
The aim of this study was to evaluate the effect of cloprostenol sodium (PGF2α) administration at the 
beginning of a shorter E2/P4-based FTAI protocol (7 d of P4 implant) on the expression of estrus and 
fertility of Nelore females. Thus, on D0 of the protocol, 475 females of different categories (heifers, 
primiparous and multiparous), with mean BCS of 3.2 ± 0.1 (1-5 scale), were evaluated for presence of CL 
and randomly assigned to two treatments: PG1 (administration of 0.530 mg of PGF2α) and PG0 (control). 
Also on D0, all females were submitted to the synchronization protocol according to the category: in 
cows, an intravaginal P4 device (1 g) was used and 2 mg of estradiol benzoate (EB) were given; in 
heifers, a 0.5 g P4 device was used and 1.5 mg EB was administered. After 7 d (D7), the P4 device was 
removed, PGF2α (0.530 mg), estradiol cypionate (0.5 mg) and eCG (200 IU for heifers and 300 IU for 
cows) were administered, and females had the base of their tailhead painted with tail-chalk for estrus 
evaluation. At the time of AI (48 h after P4 withdrawal) all females received 10 μg of buserelin acetate 
(GnRH) and were evaluated for estrus expression. Pregnancy diagnosis was performed 30 d after AI by 
ultrasonography. Statistical analyses were performed by GLIMMIX of SAS (LSM ± SEM; P ≤ 0.05). 
There was no effect of BCS (≤ 3 or>3; P = 0.59) or presence of CL on D0 (P = 0.33) on fertility. There 
was an effect of category on pregnancy per AI (P/AI; P = 0.04), such that heifers had lower P/AI than 
multiparous cows [47.1% (49/104) and 53.2% (157/295), respectively]. Fertility of primiparous was 
intermediate [51.3% (39/76)] and not different from the other categories. Treatment with PGF2α on D0 
did not influence fertility of the groups [PG1 = 52.2% (128/245) vs. PG0 = 50.9% (117/230); P = 0.88] 
and no interaction was observed between treatment and presence of CL on D0 (P = 0.89). However, 
females from the PG1 group had more expression of estrus [66.5% (151/227) vs. 52.3% (112/214); P = 
0.0016], and higher fertility was observed for females that showed estrus [58.9% (155/263) vs. 42.7% 
(76/178); P = 0.0009]. Nevertheless, expression of estrus was not altered by presence of CL on D0 (P = 
0.98), and there was no interaction between presence of CL and treatment on expression of estrus (P = 
0.63). The unexpected lack of an effect of PGF2α on D0 on P/AI may be due to a potential beneficial 
effect of treatment with GnRH at the time of AI, particularly in cows not detected in estrus. In summary, 
treatment with PGF2α at the beginning of a 7-d FTAI protocol in which GnRH is given at the time of AI 
did not improve fertility of Nelore females, despite inducing greater expression of estrus. 
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The peak of circulating estradiol (E2) after administration of estradiol 17β (E17β) occurs earlier, is of 
greater magnitude, but persists for a shorter time period than after estradiol benzoate (EB) administration. 
The aim of this study was to evaluate if there would be an earlier emergence of a new follicular wave 
when E17β was used rather than EB in a FTAI protocol. E17β powder was diluted in peanut oil resulting 
in a concentration of 1 mg/mL. A total of 18 nonlactating Holstein cows received an intravaginal device 
(IVD) containing 1 g of progesterone (P4) on D0 and cows were blocked by BCS and then randomized 
into two groups: E17β (2 mg of E17β; n = 9, BCS = 3.5 ± 0.19) vs. EB (2 mg of EB; n = 9; BCS = 3.3 ± 
0.20). On D7, the cows received 0.530 mg of cloprostenol sodium and 1 mg of estradiol cypionate and the 
IVD was removed. Ovarian dynamics were evaluated every 8 h using transrectal ultrasound from D0 until 
ovulation of the dominant follicle at the end of the protocol. Continuous variables were analyzed using 
PROC MIXED of SAS (P ≤ 0.05) and binomial variables were described by percentage and n/n. Two 
cows, one from each group, ovulated after the treatment on D0 and they were removed from the analyses. 
These cows emerged a new follicular wave at 48 (BE) and 88 h (E17β). CL regression was observed in 
one cow in each treatment group. Most cows had synchronized emergence of the new follicular wave 
after EB or E17β treatment (87.5%; 7/8 for both groups). There was no detectable difference in the time 
of follicular wave emergence after treatments, 94.8 ± 9.31 h for E17β vs. 104.0 ± 8.73 h for EB. In 
addition, the growth rate of the ovulatory follicle did not differ (1.5 ± 0.08 mm/d for E17βvs. 1.7 ± 0.09 
mm/d for EB). The diameter of the ovulatory follicle at IVD withdrawal (9.3 ± 0.84 vs. 9.4 ± 0.53 mm) 
and its maximum diameter (13.5 ± 0.63 vs. 13.3 ± 0.51 mm) were similar for E17β and EB cows, 
respectively. Ovulation rate at the end of the protocol was 87.5% (7/8) and 75% (6/8) for E17β and EB, 
respectively. No difference was detected between groups related to the interval between IVD withdrawal 
and ovulation (80 h). In conclusion, there was no difference in ovarian dynamics of cows submitted to a 
shorter FTAI protocol (7 d of P4 implant maintenance) with administration of E17β or EB on D0.  
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The aim of this study was to evaluate the fertility of Nelore cows submitted to FTAI protocols with 7, 8 or 
9 d of the intravaginal P4 device and the effect of GnRH at the time of AI. We hypothesized similar 
pregnancy per AI (P/AI) in groups with 7, 8 or 9d of P4 device and cows treated with GnRH would 
increase P/AI. Primiparous, multiparous and non-lactating cows, with average body condition score of 2.9 
were randomized into treatments and used in two experiments. In Experiment 1, 2137 cows were 
submitted to FTAI protocols with 7d or 8d of the P4 device and were randomly assigned to receive or not 
GnRH at AI. In Experiment 2, 1345 cows were submitted to protocols with 7d or 9d of P4 and also 
received or not GnRH at AI. At the onset of the protocol (D0) all cows received estradiol benzoate (2mg), 
cloprostenol sodium (PGF2α; 530µg) and a P4 device. On days 7, 8 or 9, the P4 device was removed and 
all cows received cloprostenol sodium (PGF2α; 530µg), estradiol cypionate (0.5mg), eCG (300IU) and 
had chalk applied on their tailhead to evaluate estrous behavior at AI. FTAI was performed 48h after P4 
removal and cows were treated with buserelin acetate (GnRH; 10µg) or not. All hormones were from 
GlobalGen Vet Science, Jaboticabal, Brazil. Statistical analyses were performed using chi-square. In 
Experiment 1 (7d vs. 8d of P4), the overall P/AI [7d=57.7% (611/1059) vs. 8d=57.2% (617/1078); P=0.8] 
were not different between groups. Moreover, greater P/AI was observed for cows that received GnRH in 
group 7d [GnRH=60.5% (203/484)a vs. No GnRH=54.3% (275/506)b; P=0.04], but was not different in 
group 8d [GnRH=59.2% (292/493) vs. No GnRH=56.7% (286/504); P=0.4].  In Experiment 2 (7d vs. 9d 
of P4), the overall P/AI [7d=52.6% (368/700) vs. 9d=55.0% (355/645); P=0.3] were not different between 
groups. Again, greater P/AI was observed for cows that received GnRH in group 7d [GnRH=57.9% 
(198/342)a vs. No GnRH=47.5% (170/358)b; P=0.005], but was not different in group 8d [GnRH=55.5% 
(181/327) vs. No GnRH=54.7% (174/318); P=0.8]. Furthermore, when all groups were analyzed together 
(7+8+9d), cows treated with GnRH at AI presented greater P/AI [GnRH=58.5% (964/11646) vs. No 
GnRH=53.7% (905/1686); P=0.004]. Also, 14d after AI, transrectal ultrasound exam was performed to 
check double ovulation, no difference was observed among treatments [7d=1.8% (5/268); 8d=1.5% 
(3/197); 9d=2.6% (2/75); P=0.8]. In conclusion, as hypothesized, FTAI protocols with 7, 8 or 9d of 
intravaginal P4 device presented similar P/AI, however, GnRH at AI only increase fertility in cows that 
were on group 7d. Moreover, no difference was observed for double ovulation rate among groups, and 
when all groups were analyzed together GnRH at AI increased P/AI. 
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The objective of the study was to develop a resynchronization protocol adapted to return heat, with a 21-
day interval between TAI. This procedure was performed at Santana farm (Valença-RJ) using 76 Nellore 
nulliparous cows, with an average live weight of 333.4 kg, with water and mineral supplementation ad 
libitum. Treatments started on a random day of the estrous cycle, considered as Day minus ten (D-10), 
where females received an intravaginal device (ID) of third use, containing 1.9 g of progesterone 
(CIDR®, Zoetis, Brazil), and an intramuscular (im) treatment of 2.0 mg estradiol benzoate 
(SINCRODIOL®, Ourofino, Brazil). In D-2, ID was removed and heifers received 150 µg cloprostenol 
(VETEGLAN®, Hertape, Brazil), 1 mg of estradiol cypionate (ECP, Zoetis, Brazil) and 300 IU of eCG 
(FOLLIGON®, MSD, Brazil). TAI was performed in the D0 (zero) in all animals. 12 days (D12) after the 
first TAI, the resynchronization treatments were started, where all the females received again an ID with 
3 use. On D19, the ID was removed and 300 IU of eCG was applied. On D21, the pregnancy diagnosis 
(PD) was performed with Doppler ultrasound (Mindray-Z5VET) (Pugliesi et al., Biology of 
Reproduction, 95, 1-12, 2014). The CL vascularization score was classified on a scale of 0 to 4 (0 = 0%, 1 
= 1 to 25%, 2 = 26 to 50%, 3 = 51 to 75% and 4 = 76 to 100%) in which the animal with score 0 or 1 was 
considered non-pregnant and score ≥ 2, pregnant. Females considered non-pregnant, immediately after 
the PD, were inseminated (second TAI) and received an im treatment of 0.1 mg of gonadorelin 
(FERTAGYL®, MSD, Brazil). On D33, heifers considered non-pregnant in the last evaluation were again 
synchronized with ID with 3 use, repeating the resynchronization treatment and the PD methodology 
described above for the third TAI. Ultrasound PD was performed in the two-dimensional module 
(Mindray DP-2200 Vet) 12 days after the last PD with Doppler to verify the existence of false positives 
and / or negatives. The conception rate was analyzed by Chi-square test with significance level of 5%. PD 
there was no false negative. The false positive was of 22 and 25%, respectively in the second TAI and 
third TAI. There were no differences in the conception rate in the 1st TAI 38% (29/76) with the 
resynchronizations in the second (46% - 18/39) and third (36% - 8/22) TAI (P>0.05). The results show 
that for the first time it is possible to control the estrous cycle of bovine females, associated with an early 
PD allowing the females to be inseminated every 21 days without estrous detection. With the proposed 
protocol, it is viable to simulate the physiological state of a cyclic bovine female, working with 100% 
service rate during the breeding season and accumulating 72% pregnancy. The proposed 
resynchronization protocol presented similar results to the conventional TAI, providing a satisfactory 
pregnancy accumulated in nulliparous, within 42 days. 
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The aim of these experiments was to evaluate the effects of kisspeptin or buserelin acetate treatment 
compared to non-treated prepubertal Nellore heifers aging 14.3±0.9 months, BCS 3.3±0.3 (1-5) and body 
weigh 272±20.2kg. The experiments were conducted in two farms located in Mato Grosso do Sul, Brazil. 
Heifers were synchronized using a 3mg of Norgestomet ear implant (Crestar, MSD Animal Health) plus 
treatment i.m. of 1mg EB (Fertilcare Sincronização, Vallée Animal Health) on D0. Eight days later (D8), 
the auricular implant was removed and 200 IU i.m. of eCG (Folligon, MSD), 0.5mg i.m. of EC (Fertilcare 
Ovulação, Vallé) and 0.265mg i.m. of PGF (Ciosin, MSD) were administered. On D10, heifers were 
allocated in one of these groups: Control: no additional treatment; Kisspeptin: treatment of 3mg i.m. 
murine kisspeptin; and GnRH: treatment of 0.01mg i.m. of buserelin acetate and FTAI was performed 
only in heifers from experiment 2. On experiment 1: 30 heifers were used, ultrasound (US) evaluations 
were done on D-10 and D0, for puberty classification based on CL presence; on D8 to D11 (with 12h 
interval between examinations) for largest follicle (LF) measurements and to identify the moment of 
ovulation and on D17 to confirm the ovulations. On experiment 2: 592 heifers were used. US evaluations 
were done on D-10 and D0 for puberty classification; on D8 and D10 for LF measurement; on D17 to 
check the ovulation rate; to evaluate the pregnancy rate per AI (P/AI) on D40 and D70. Were used the 
PROC GLM and PROC GLIMMIX of SAS to analyze the data. On experiment 1 there were no effects on 
the moment of ovulation [Control=78.9±9.4h, Kisspeptin=76.5±8.9h; GnRH=82.5±11.9h (P=0.82)] and 
preovulatory LF size [Control=9.5±1.3mm, Kisspeptin=9.9±0.9mm; GnRH=10.5±2.1mm and (P=0.34)]. 
On experiment 2 there was no effect on ovulation rate [Control=84.5%(169/200); 
Kisspeptin=88.9%(176/198) and GnRH=88.1%(171/194; P=0.38)]; on P/AI at 30 days 
[Control=44.5%(89/200); Kisspeptin=43.4%(86/198) and GnRH=41.8%(81/194; P=0.77). Therefore was 
a positive effect (P=0.03) of heat expression between D8 and D10 on P/AI [Heat: 46.3%a (217/468) x No 
Heat: 31.5%b (39/124) but there wasn’t interaction Treat*Heat (P=0.23)]. There was a positive effect 
(P=0.0004) LFClass on D10 on P/AI [>10.6=50.3%a (152/302) vs. ≤10.6=35.9%b (104/290) but there 
wasn’t interaction Treat*LFClass (P=0.29)]. No effect on P/AI at 60 days [Control=43.0% (86/200); 
Kisspeptin=40.4% (80/198) and GnRH=37.1% (72/194; P=0.56) and no effect on pregnancy loss between 
30 and 60d after AI [Control=3.4% (3/89); Kisspeptin=7.0% (6/86) and GnRH=11.1% (9/81; P=0.17). In 
conclusion, treatment with Kisspeptin (3.0mg i.m.) or Buserelin acetate (0.01mg i.m.) were not efficient 
to improve ovulation synchronization, ovulation rate, P/AI at 30 and 60 days after AI likewise avoid 
pregnancy loss in prepubertal heifers aging 14 months old.  
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This study evaluated two doses of estradiol cypionate (EC) for synchronization of ovulation in an 
estradiol/progesterone (P4)-based protocol for fixed-time AI (FTAI) with 7 d of P4 implant for 
primiparous (n = 217; BCS 2.9 ± 0.1) and multiparous (n = 455; BCS 3.1 ± 0.2) Nelore cows. A total of 
672 cows (91.0 ± 0.8 d postpartum; mean ± SD) diagnosed as not pregnant at 35 d after the first AI, were 
submitted to an FTAI protocol using an intravaginal P4 implant (1 g) and estradiol benzoate (EB; 2 mg) 
on D0. After 7 d (D7), all cows were treated with sodium cloprostenol (PGF2α; 0.530 mg) and eCG (300 
IU). Also on D7, two treatments were randomly administered: EC0.5 (0.5 mg of EC; n = 338) or EC1 (1 
mg of EC; n = 334); and cows had the base of their tailhead painted with tail-chalk for estrus evaluation. 
On D9 (48 h after P4 implant removal) cows were inseminated and checked for estrus based on the 
disappearance of the tail-chalk. All hormones were from GlobalGen Vet Science, Jaboticabal, SP, Brazil. 
Ovarian ultrasound evaluation was used to determine the maximum diameter of the dominant follicle 
(DF; mm; D7) and of the preovulatory follicle (OF; mm; D9). Pregnancy per AI (P/AI) diagnosis was 
performed 35 d after AI. Statistical analyses were done by GLIMMIX and MIXED of SAS 9.4 (LSM ± 
SE; P ≤ 0.05). There was an interaction between EC dose (0.5 or 1 mg) and cow category (primiparous or 
multiparous) on fertility. Primiparous from EC0.5 group had lower P/AI (30.2%; 32/106) than 
primiparous from EC1 group (53.4%; 59/111), or multiparous from both groups [EC0.5 (58.4%; 136/232) 
and EC1 (59.1%; 132/223)]. For expression of estrus, there was no interaction between EC dose and cow 
category, however multiparous had more estrus expression than primiparous cows [82.9% (376/455) vs. 
73.7% (159/217)] and cows from EC1 group had more estrus expression than cows from EC0.5 group 
[83.8% (280/334) vs. 75.4% (255/338)]. When EC dose, cow category, and estrus expression were 
analyzed for fertility, there was an interaction between estrus and category. Primiparous that did not 
express estrus had lower P/AI [19.4% (11/58)] than primiparous that expressed estrus [50.2% (80/159)] or 
multiparous with [60.7% (177/292)] or without [50.0% (27/54)] estrus. As expected, the diameter of the 
DF was similar between treatments [EC0.5: 9.4 ± 0.2 (n = 80); EC1: 9.1 ± 0.2 (n = 79)], but the diameter 
of the OF was larger in EC0.5 cows than EC1 (12.1 ± 0.3 vs. 11.1 ± 0.3) and no significant effect of 
category on the diameter of the DF or OF was observed. Thus, treatment with a higher dose of EC 
increased expression of estrus and decreased OF size in all cows but only increased fertility in 
primiparous and not multiparous cows. In conclusion, when using this shorter FTAI protocol, with P4 
implant use for only 7 d, the greater dose of EC (1 mg) should be indicated for primiparous Nelore cows. 
For multiparous cows, any of the evaluated doses can be successfully used. 
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An experiment was designed to evaluate pregnancy rates in Nelore (Bos indicus) heifers synchronized 
with a shortened estradiol/progesterone-based protocol that provides for a lengthened proestrus (J-Synch). 
Cycling Nelore heifers (n=241) were synchronized with one of two treatment groups. All heifers received 
a progesterone (P4) device (1.2 g of P4, FertilCare, MSD, Brazil) that was previously used once for 8 
days and 2 mg estradiol benzoate (FertilCare Sincronização, MSD) on Day 0 and were subdivided to 
receive or not 250 µg of cloprostenol (PGF, MSD) at the same time. Heifers in the J-synch treatment 
group the received 250 µg of cloprostenol, 200 IU eCG (Folligon, MSD) and P4-device removal Day 6 (2 
PM) and those in the conventional group received PGF, eCG, ECP (0,5 mg, FertilCare Ovulação, MSD) 
and P4-device removal on Day 7 (8 AM). All heifers were also tail-painted at the time of P4-device 
removal and observed for signs of estrus (i.e. >50% of the tail-paint rubbed off). Heifers in the J-Synch 
group with the tail-paint rubbed off by 66 h after P4 removal (i.e. Day 9, 8 AM) were inseminated at that 
time and those not showing estrus received 100 µg of gonadorelin (GnRH, Fertagyl, MSD) and were 
inseminated 6 to 8 h later. Heifers in the conventional group with the tail-paint rubbed at 48 h after P4 
device removal (i.e. Day 9, 8 AM) were inseminated and those not showing estrus by 48 h received 
GnRH and were inseminated 6 to 8 h later. Data was by analyzed GLM for binary data with a logit link. 
Pregnancy rates (P/AI) were 62.9% (68/108) for heifers in the J-Synch group and 48.1% (64/133) for 
those in the conventional treatment group (P<0.01). Overall, 83.0% (200/241) of the heifers were detected 
in estrus and there was a significant interaction between treatment and estrus expression on P/AI 
(P<0.05). In heifers in the J-Synch group P/AI was 67% (66/98) for those in estrus and inseminated at 66 
h and 20% (2/10) for those not in estrus and inseminated at 72 h (P<0.05). In heifers in the conventional 
group P/AI was 49% (50/102) for those in estrus and inseminated at 48 h and 43% (13/30) for those not in 
estrus and inseminated at 54 h (P>0.2). Finally, there was a treatment by day of PGF interaction on P/AI, 
that was attributed to a higher P/AI in heifers in the conventional treatment that received PGF on Day 0 
(61.2%; 41/67) than in those that did not receive PGF at that time (34.8%; 23/66). Conversely, P/AI was 
not affected by PGF administration on Day 0 in those treated with the J-Synch protocol (56.7%; 30/52 vs 
69.1% 38/55, for heifers receiving or not PGF on Day 0). In conclusion, the J-Synch protocol resulted in 
higher P/AI than the conventional protocol in Nelore heifers. In addition, estrus expression significantly 
affected P/AI in the J-Synch group but not in the conventional group; whereas the effect of PGF 
administration on Day 0 was the opposite, resulting in higher P/AI in the conventional treatment but not 
in the J-Synch treatment. 
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The objectives of the present study were: 1) evaluate the influence of the CL blood flow on the moment 
of the FTET on conception rate (CR) on day 30 and pregnancy loss of lactating Holstein cows and 2) 
evaluate the factors that affect the CR of Holstein lactating embryo recipients. The animals were 
submitted to mode B ultrasound evaluation to check ovulation from the FTET protocol. The cows that 
presented CL (n=358) were classified as suitable to receiving an embryo. All suitable recipients were 
submitted to a Color Doppler ultrasound examination and the CL blood flow (CLBF) was evaluated, 
following the score criteria (0-4) for peripheral and central blood flow. After these evaluations, animals 
were classified into three groups: Excellent flow (n=79); good flow (n=251) and bad flow (n=28) for the 
CR analysis according to the CLBF. The information regarding DIM, number of lactations, milk 
production, estrus presentation and number of services were collected for the establishment of correlation 
between conception rate. Statistical analysis were performed using SAS. The variables related to TC and 
pregnancy loss were analyzed using the GLIMMIX procedure and correlations were performed using the 
CORR procedure. The multivariable/best model regression was performed in order to establish the 
probability of CR30 days equation by the procedure GLMSELECT. The medium CR of the animals 
classified as suitable by mode B ultrasound evaluation was of 35%. There was no significant difference 
between blood flow and CR at 30 days among the BF classification: Excellent 42% (33/79); Good 35% 
(89/251); and Bad 18% (5/28) (P=0.14). The analyzed variables that had positive correlation (R value 
followed by P value) with CR30D are: DIM – negative correlation (R= -0.14 / P=0.007); CLBF at the 
moment of FTET – positive correlation (R= 0.12 / P=0.02); Number of services – negative correlation 
(R= -0.12 / P=0.02). No correlation was found between CR and estrus presentation, milk production and 
number of lactations. An equation for probability of conception of lactating Holstein recipients was 
established considering the variables of greater influence, where: Probability of Conception (%; 30days) 
= 0.3894 - 0.0006*(DIM) + 0.2915*(Total flow) - 0.0379*(number of lactations). Data obtained in this 
study indicate that the evaluation of CL blood flow as well as DIM and number of lactations may be an 
important tool for predicting the conception of lactating Holstein embryo recipients. 
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The objective of this study was to evaluate the influence of injectable progesterone on pregnancy rate 
(PR) and gestational loss in extensively reared buffaloes, as well as the effect of body condition score 
(BCS) and fixed time artificial insemination (FTAI) after GnRH application. 118 multiparous crossbred 
buffaloes (cross with Murrah breed) were used: treatment group (TG) (58 buffaloes) received the 
protocol: day (D) 0 (afternoon), injection (inj.) 2.0 mg Estradiol Benzoate (IM) (Sincrodiol®, Ouro Fino, 
São Paulo, Brazil) associated to the intravaginal implant of P4 0.5 g monodose (Primer®, Tecnopec, São 
Paulo, Brazil); D 9 (afternoon), withdrawal of P4 + inj. 0.5 mg of PGF2α IM (Sincrocio®, Ouro Fino, São 
Paulo, Brazil) + inj. 400 IU of eCG IM (SincroeCG®, Ouro Fino, São Paulo, Brazil); D 11 (afternoon), 
inj. 25 μg GnRH IM (Gestran Plus®, Tecnopec, São Paulo, Brazil); D 12 (in the morning) to FTAI. In 
this group four days after the FTAI (D 16) in the morning, the buffaloes received inj. P4 150 mg IM (1.0 
ml) (Sincrogest®, Ouro Fino, São Paulo, Brazil). The control group (CG) (60 buffaloes) was submitted to 
the same protocol as the treatment group without injected P4. The buffaloes from both CG and TG were 
selected according to body condition score in three intervals, 34 with score ranging from 2.5 to 2.75; 66 
with a score ranging from 3.0 to 3.5 and 18 with a score equal to or greater than 3.75. Regarding the FTAI 
time after GnRH application, 112 buffaloes were counted, 34 were inseminated between 07:00 a.m. to 
09:00 a.m., 52 between 09:01 a.m. to 11:00 a.m. and 26 buffaloes were inseminated between 11:00 a.m. 
to 12:00 p.m., respectively. In order to analyze PR and gestational loss rate, the Fisher Exact test was 
used, as well as the other variables. Values of p ≤ 0.05 were considered significant. The pregnancy status 
was examined by ultrasonography on day 30. The overall PR on day 30 was 57.60% (68/118); 58.60% 
(34/58) and 56.60% (34/60) in TG and CG, respectively. On day 90, the overall PR was 54.20%; 58.60% 
and 50.00% in TG and CG, respectively. On day 140, there was no change in the PR and gestational loss 
at 90 days, and did not differ statistically (P>0.05). There was not any significant (P>0.05) influence of 
injectable P4 after FTAI on the PR and gestational loss. The PR based on the BCS was 69.60% and 
35.20% for the range between 3 to 3.5 and 2.5 to 2.75, respectively and differ significantly (P<0.05)  from 
each other. The buffalo with BCC ≥3.75 the PR was 55.5%. The PR was 58.80%, 53.80% and 51.80% 
during 7:00 a.m. to 9:00 a.m., 09.01 a.m. to 11.00 a.m. and 11:00 a.m. to 12:00 p.m., respectively and not 
any significant (P> 0.05) difference observed between different duration of time . Conclusion, the use of 
1.0 ml of injectable P4 after FTAI did not significantly (P>0.05) improve PR and gestational loss,  
however, buffaloes reared extensively on meadow with BCS ranges between 3 to 3.5 showed higher PR 
than ranges between 2.5 to 2.7. 
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Antral follicle counting (AFC) is a characteristic that has been linked to the reproductive performance of 
beef cattle and milk, subspecies taurus and indicus. Although early data from the Northern Hemisphere 
have linked high AFC to positive aspects on fertility characteristics, some recent data were related to 
controversial relation between AFC and reproductive indexes. To investigate AFC and reproductive 
performance in dairy herds in Brazil, the present study aimed to compare the dominant follicle diameter 
and conception rate in Holstein cows (n=100) submitted to artificial insemination (AI) according to the 
low, intermediate and high AFC groups. Using single bull frozen semen, after detection of estrus by 
visual observation, the cows were inseminated by a single technician. AFC was determined on the day of 
estrus using an ultrasound equipped with convex intravaginal transducer, with antral follicle count ≥ 2 
mm. At 30 and 60 days after AI, the ultrasonographic diagnosis of gestation was performed. The quartiles 
were established as G-low (≤ 19 follicles, n = 30), G-intermediate (≥ 20 and ≤ 29 follicles, n = 41) and G-
high AFC (≥ 30 follicles, n = 29). Data were analyzed by the generalized linear model inserting the AFC 
as a fixed effect and the means compared by the Tukey test. The conception rate was analyzed by the chi-
square test considering p ≤ 0.05. The cows with intermediate AFC had greater diameter of the dominant 
follicle at the moment of AI (17.9 ± 2.6 mm) compared to G-High (16.0 ± 2.6 mm; P = 0.027). However, 
cows with high AFC had higher conception rates (55.2 and 48.3%) than G-intermediate (29.3 and 24.4%) 
at 30 and 60 days of pregnancy, respectively (P = 0.03 and P = 0.04). G-low showed no significant 
difference between G-high and G-intermediate groups, for dominant follicle diameter on day AI (16.9 ± 
2.8) as well as for conception rate (36.7% and 36.7%) at 30 and 60 days after AI, respectively. Despite 
recent controversies regarding the effect of CFA on reproductive indexes, data from the present study are 
in agreement with the first reports described in Europe, showing better reproductive performance for 
Holstein females with high CFA. 
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The ability of prostaglandin F2(PGF) to induce ovulation in cattle, by a mechanism independent of 
luteolysis, has already been demonstrated (Leonardi et al., Theriogenology, 78:1578-82, 2012). However, 
the mechanism by which PGF acts has not yet been clarified. The objective of this study was to evaluate 
the pattern of circulating LH release after treatment of ovariectomized cows with PGF. Our hypothesis 
was that PGF treatment leads to pituitary LH release. Ovariectomized Girolando cows (n=14) were 
randomly allocated to three groups to receive one of three i.m. injection (Hour 0, 1 and 2) of one of the 
following treatments: 300μg d-Cloprostenol (PGF analog; Croniben®, Curitiba, Brazil, PG Group, n = 5), 
100μg lecirelin (GnRH analogue, Gestran plus®, Tecnopec, São Paulo, Brazil; GnRH Group, n = 5) or 
PBS (CTL Group, n = 4), without any pretreatment with gonadal hormones. To determine the levels of 
circulating LH, blood samples were collected in all cows, as follows: the first one two hours before the 
treatments; and from the moment of the injections (Hour 0) until six hours after, collections were 
performed hourly; and between 6 and 36 hours after injections, blood samples were collected every 6 
hours. Plasma LH concentration was analyzed by radioimmunoassay. Data were analyzed by Two-way 
ANOVA, and the means were compared between groups by the Tukey test. Prior to the beginning of 
treatments (Time 0), the LH concentration was similar between groups (4.48 0.25 ng/mL, P = 0.97). 
However, one hour after the first injections, the LH concentration was higher (P <0.0001) in cows of the 
GnRH group (33.59 13.24 ng/mL) compared to the PG and CTL groups (5.23 0.50 and 4.22 0.47 
ng/mL, respectively), and this difference remained up to 4 hours after the first injections. After this 
period, levels were similar (P>0.05) among the three groups. In addition, the LH secretion pattern did not 
differ between the PGF or CTL groups (P>0.05) throughout the analyzed period, maintaining its levels 
between 3 and 8 ng/mL. These results indicate that an injectable solution of PGF did not induce increase 
of LH secretion in ovariectomized cows, suggesting that the role of PGF in ovulation may be local in the 
ovary, however to confirm this hypothesis more studies are necessary. 
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The increase in the use of reproductive biotechniques in beef cattle industry reflects a market focused on 
innovation and improvement. The disposable sheath is of paramount importance for hygiene, precision 
and reduction of semen losses during artificial insemination (AI). Compared to the conventional sheath, 
models that have a plunger developed to promote the total insulation of the tube eliminate the possibility 
of semen reflux and loss, thus presents the benefit of diminishing the leftovers of semen during the IA. 
There are also models of sheath that, in addition to having the same system that decreases semen losses, 
have three outlets to provide accuracy in semen deposition. In this way, the aim with this study was 
comparing three models of disposable insemination sheath and their influence on the pregnancy rate on 
fixed-time artificial insemination (FTAI) protocols. The study was conducted on Seriema Ranch, in 
Miranda-MS, Brazil, from September 2016 to January 2017. A completely randomized design was used, 
in which six hundred and seventy-two dams were allocate and one of the three experimental group: A 
(conventional), B (model with a plunger against semen loss) and C (model with plunger against losses 
plus three precision outlets). Pregnancy diagnosis was carried out 30 days after artificial insemination 
(AI). Data was analyzed with GLIMMIX procedure in SAS University. Body condition score on the day 
of pregnancy diagnosis, dam’s category, technician and sire were included as random variables in the 
statistical model. There was no significant effect of the sheath model on FTAI pregnancy rate (P = 0.64). 
Average pregnancy rate for dams that used the sheath A was 37.8% ± 11.3 (231), then 36.3% ± 11.2 
(213) for sheath B, and 40.8% ± 11.8 (228) for sheath C. We concluded that either the conventional 
sheath or more sophisticated models provide similar pregnancy rates in bovine females subjected to 
FTAI. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

356 Anim. Reprod., v.15, n.3, p.356, Jul./Sept. 2018 

A041  TAI/FTET/AI 
 

Effect of treatment with strain RB51 on day zero of FTAI protocol on pregnancy rate of 
bovine females 

 
L.C.L. Ferreira1, L.G. Silva1, H. Ayres2, R.B. Trannin1, A.G. Silva3, D.B.A. Antonio2 

 
1Cia Pecuária S/S Ltda, Campo Grande, MS, Brasil; 2MSD Saúde Animal, São Paulo, SP, Brasil; 3FAMEZ - 

Faculdade de Medicina Veterinária e Zootecnia, Campo Grande, MS, Brasil. 
 
 
Bovine brucellosis is a zoonosis that has been a target in eradication programs in several countries due to 
concerns on public health and its negative impact on livestock production. Besides abortion, Brucella 
Abortus causes birth of weak offspring and low fertility rate (Poster et al, Arquivo Brasileiro de Medicina 
Veterinária e Zootecnia, 61:1-5, 2009). One of the main alternatives for eradication is the vaccination 
with Brucella abortus strain, which is recommended by the World Organization for Animal Health (OIE). 
Vaccination on the first day of fixed time artificial insemination protocol (FTAI) is a practice that has 
been used by producers and technicians without scientific verification of its impact on pregnancy rate. In 
this way, the aim with this work was to evaluate the effects of treatment with strain RB51 vaccine on day 
zero of the fixed time artificial insemination (FTAI) protocol on pregnancy rate. The study was conducted 
by Company Cia Pecuária at Rancho Alegre Ranch, in Miranda, Mato Grosso do Sul, Brazil, from 
October 2016 to January 2017. A total of 717 Nelore females with an average 2.7 body condition score 
(scale 1 to 5) were used, including heifers (220), primiparous (56) and multiparous (441), which were 
randomly treated with 2 mL of strain RB51 vaccine or saline solution. Treatment was performed 
subcutaneously on the same day progesterone intravaginal device was placed (Day 0), accounting 369 
females receiving saline solution and 348 females treated with RB51 strain. Pregnancy diagnosis was 
carried out 30 days after FTAI. Data was analyzed with GLIMMIX procedure in SAS. Category, if heifer, 
primiparous or multiparous and body condition score were included in the model as random effects. 
Vaccination with strain RB51 in Day 0 of the protocol had no significant effect on AI pregnancy rate 
(P=0.89). The AI pregnancy rate of the unvaccinated animals was 64.14% ± 5.85 and in vaccinated 
animals was 64.67% ± 5.85. We conclude that vaccination with strain RB51 can be performed on the first 
day of the FTAI protocol with no negative effects on pregnancy rate. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.357, Jul./Sept. 2018 357 

A042  TAI/FTET/AI 
 

Influence of difficulty of insemination, temperament and plasma cortisol on conception 
rate of Nelore cows and heifers submitted to timed artificial insemination 

 
A.C.B. Teixeira1, A.G. Silva2, J.W.D. Horta1, I.A.P. Lima1, P.C.P. Silva1, E.H.O. Costa1,  

I.M. Noronha3, H.B. Graff4, A.L.R. Rodrigues2, F.Z. Brandão2, R.F.G. Peres5,3, L.Z. Oliveira1 

 
1UFMG - Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brasil; 2UFF - Universidade Federal 
Fluminense, Niteroi, RJ, Brasil; 3FMVZ/UNESP Botucatu - Faculdade de Medicina Veterinária e Zootecnia, 

UNESP Botucatu, SP, Brasil; 4AFB - Agropecuária Fazenda Brasil, Bom Jesus do Araguaia, MT, Brasil; 5ABS - 
ABS PecPlan, Delta, MG, Brasil; 6Fazenda Jatobá, Patrocínio, MG, Brasil; 7EPAMIG - Departamento de Pesquisa, 

Empresa de Pesquisa Agropecuária de Minas Gerais, EPAMIG, Belo Horizonte, MG, Brasil. 
 
 
The aim of this work was to evaluate the influence of stress and difficulty of insemination (DifAI) on 
fertility of Nelore females at Timed-AI. Data were collected from 165 bovine females (pasture raised), 
being 72 heifers and 93 multiparous cows with 50 days postpartum. The females received a protocol of 
Timed-AI containing estrogen and progesterone (P4) and were inseminated by two technicians with 
semen from four Angus bulls equally distributed. On the day of P4 implant removal (D9), behavioral 
score (BSc; 1=calm to 5=agitated) and chute exit period (CEP) were assessed for all animals, and blood 
samples were collected from heifers (coccygeal vein puncture). On the day of Timed-AI (D11), each 
animal received a score for DifAI (1=easy to 3=difficult) and time required to complete each 
insemination was observed (Time for AI). At 40 days after AI, pregnancy was diagnosed (CEUA UFF 
884/2016). Serum cortisol was determined by radioimmunoassay. Conception rate (CR) was analyzed by 
logistic regression of SAS and the means were compared by Tukey's test, considering P<0.05. Total CR 
was 40% (66/165), being 36% (33/93) for cows and 46% (33/72) for heifers (P=0.124). No significant 
effects of bull, body condition score or AI technician were observed on CR. Also, no effect of BSc on CR 
was observed, either for multiparous (BSc2=36%, n=33; BSc3=38%, n=44; BSc4+BSc5=25, n=16), 
heifers (BSc3=50%, n=38; BSc4+BSc5=41%, n=34) or both categories evaluated together (BSc2=36%, 
n=33; BSc3=44%, n=82; BSc4-5=36%, n=50); (P>0.05). Animals BSc2 left the chute more slowly 
(P<0.001) than BSc3 animals, and these animals more slowly (P<0.001) than animals BSc4-5. DifAI was 
the factor that most influenced CR when cows and heifers were analyzed together, since a tendency 
(P=0.082) for higher CR was observed in animals presenting no difficulty for AI (DifAI 1; TP=42%, 
n=143) compared to animals that presented moderate or high difficulty (DifAI2+DifAI3; TP=27%, 
n=22). Less time (P<0.001) was required for AI procedure in animals from DifAI1 (17:31±06:02sec) 
compared to DifAI2+DifAI3 groups (30:10±15:45sec). Only heifers with DifAI1 were selected for 
cortisol dosage. When cortisol data were separated into quartiles, it was interesting to note that groups 
with higher (P<0.05) cortisol levels presented higher (P<0.05) mean for BSc. However, the difference in 
CR among these groups of animals was only numerical (P>0.05), since CR (59%) of more calm heifers 
(cortisol=4.12±1.12ng/mL; BSc=3.19±0.59; n=22) did not differ (P>0.05) from CR (41%) of more 
temperamental ones (cortisol=7.76±1.33ng/mL; BSc=3.82±0.79; n=22). It was concluded that the 
subjective (BSc) and numerical (CEP) evaluations of temperament are related to stress levels of the 
animals, although these parameters did not affect CR of the present study. However, lower fertility at 
Timed-AI may be expected in animals in which higher difficulty and/or higher time required to complete 
AI are observed. 
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The objective of this study was to evaluate the effect of the artificial insemination sheath on the 
pregnancy rate of Bos indicus cows submitted to ovulation synchronization protocol based on 
progesterone (P4) and estradiol (E2). In the study, 797 suckled Nelore cows with average body condition 
score (BCS) of 2.71±0.01 (1 to 5 scale) and postpartum between 30 and 60 days were used. On the 
random day of estrus cycle (D0), cows received 2mg of estradiol benzoate (EB; RIC-BE®, Tecnopec, 
Brazil) and a P4 intravaginal device (Primer®, Tecnopec, Brazil). Eight days later (D8), the P4 device 
was removed and the cows received 500mg of Cloprostenol (Estron®, Tecnopec, Brazil), 300 IU of eCG 
(Folligon®, MSD, Brazil) and 0.6mg of estradiol cypionate (ECP® , Zoetis, Brazil). Cows were 
submitted to TAI 48 hours after removal of the P4 device (D10). In this moment, cows were randomly 
assigned in two groups (Control Group and 3W Group). In the Control Group, cows were inseminated 
with artificial insemination sheath with one exit for semen (Bainha Evolution, WTA, Brazil) and in the 
3W Group, cows were inseminated with artificial insemination sheath with three exits for semen (Bainha 
3W, WTA, Brazil). Inseminations were performed by five experienced technicians who had no previous 
knowledge of the treatments. Pregnancy diagnosis was 30 d after TAI. Statistical analysis was performed 
using the GLIMMIX SAS procedure. There was no interaction between Treatment/BCS and 
Treatment/Inseminator. There was a tendency for a higher pregnancy rate in the cows of the 3W Group 
[Control 40.3% (164/407) and 3W 42.1% (164/390); P=0.06]. It is concluded that the use of artificial 
insemination sheath with three exits for semen (Bainha 3W, WTA, Brazil) may be alternative to increase 
pregnancy rate in Bos indicus cows submitted to TAI. 
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The objective of the current study was to compare the pregnancy rate in 2 Angus heifers resynchronized 
14 days and 22 days after FTAI. The experiment took place in Buenos Aires Province, Argentina, where 
257 2-years-old Angus heifers with an average weight of 350 kg were inseminated following a 
conventional FTAI protocol: D0= 0.5g P4 device insertion (DIB0.5®, Zoetis,  Argentina) + 2mg estradiol 
benzoate (EB; (Gonadiol®, Zoetis, Argentina); D7=P4 device removal + 12.5mg dinoprost tromethamine 
(Lutalyse®, Zoetis, Argentina) + 0.5mg estradiol cipionate (EC; Cipiosyn®, Zoetis, Argentina) + 400 IU 
equine chorionic gonadotrophin (eCG; Novormon®, Zoetis, Argentina); D9= FTAI), and were randomly 
divided in two groups in order to be submitted to one of two resynchronization programs at 14d (Group 
Res14) or 22d (Group Res22) after AI. Heifers in group Res14 (n = 129) received a 0.5g P4 device 
(DIB®, Zoetis, Argentina) in conjunction with 50mg of short action injectable progesterone 
(Progesterona®, Rio de Janeiro, Argentina) 14 days after AI. On day 22, P4 devices were removed. At 
the same time, pregnancy diagnosis was performed assessing the vascularization of the CL by Doppler-
Color mode transrectal ultrasonography (MyLabOne, Esaote, Holland). Heifers considered as non-
pregnant (CL area vascularization ˂25%, or absence of CL) received 500µg cloprostenol (Ciclase DL®, 
Zoetis, Argentina), 0.5mg EC (Cipiosyn®, Zoetis, Argentina) and 400 IU eCG (Novormon®, Zoetis, 
Argentina). Artificial insemination was done 48h later, on day 24. On day 30, pregnancy diagnosis by B 
mode ultrasonography (HS-101V, Honda, Japan) was performed in order to evaluate false positive 
diagnosis (heifers considered as pregnant on d22 and non-pregnant on d30). Heifers from group Res22 
(n=128) received a P4 device and 1mg EB on day 22 after AI. Progesterone devices were removed on day 
30, at the same time pregnancy diagnosis was performed using B mode ultrasonography (DP10, Mindray, 
China). Heifers diagnosed as non-pregnant received 500ug cloprostenol (Ciclase DL®, Zoetis, 
Argentina), 0.5mg EC (Cipiosyn®, Zoetis, Argentina), and 400 IU eCG (Novormon®, Zoetis, Argentina). 
Artificial insemination was performed 48h later, on day 32. Logistic regression was used to compare 
pregnancy rate (PR) between groups using the version 3.2.3 of R Studio software (R Foundation for 
Statistical Computing, Vienna, Austria). Statistical differences were not found between groups for PR at 
first FTAI (Res14= 60.4% [PWS1] vs Res22= 54.7%; P= 0.38), PR at second FTAI (Res14= 47.1% vs 
Res22= 50.0%; P= 0.75), nor accumulative PR (Res14= 79.1% vs Res22= 77.3%; P= 0.73). False 
positive rate on group Res14 was 11.3% (10/88). In conclusion, resynchronization on day 14 after AI 
using Color-Doppler mode US for pregnancy diagnosis can be feasible used in Angus heifers. This 24d 
interval between AI programs allows achieving PR values as high as those achieved in 32d AI interval 
program. 
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The present study evaluated the efficacy of two protocols for estrus synchronization with different 
intervals in order to use them in artificial insemination (AI) in Saanen and Alpine multiparous goats in 
June (end of the natural mating season). The animals were allocated into two groups, according to 
breeding, parity, and body condition score to receive two doses of 37.5 g d-cloprostenol (Prolise®, 
ARSA SRL, Buenos Aires, Argentina) latero-vulvar 7.5 (n=23) and 11.5 (n=25) days. The first dose was 
administered between 0600 and 0700 a.m. and the second between 1700 and 1800 p.m. Estrus was 
observed every 12 h from the second d-cloprostenol dose to 96 h after. The AIs were performed with 
commercially frozen semen, thawed for 30 s at 35 ºC, after 18 and 24 h (T7.5) and 10 and 24 h (T11.5) as 
earlier proposed (Maia et al., Anim. Reprod. Sci., 181:16-23, 2017). Non-parametric data were checked 
by chi-square test while parametric data (mean ± SD) were submitted to analysis of variance, all tests at a 
significance level of 5%. Estrus response was 78.3% (18/23) for T7.5 and 80.0% (20/25) for T11.5 (P> 
0.05). From animals in estrus, 77.7% (14/18) and 80.0% (16/20) started estrus in morning for T7.5 and 
T11.5, respectively. Three animals from each group were submitted to natural mating (NM) because they 
presented a frequent history of estrus repetition and the rest were submitted to AI. The estrus interval was 
shorter (P <0.001) in T7.5 (40.0±9.2 h) than in T11.5 (51.6±11.7 h). The intervals of the second dose of 
cloprostenol to AI and the onset of estrus to AI were, respectively, 64.4±1.4 and 26.1±3.7 h for T7.5 and 
68.8±2.8 and 16.6±7.6 h for T11.5 (P <0.001). Two animals died in T7.5 within 60 days from AI until the 
diagnosis of gestation. No animal became pregnant after NM. In AI animals, conception rate was 69.2% 
(9/13) for T7.5 and 70.6% (12/17) for T11.5 (P> 0.05). Even at the end of the breeding season, the 
protocols were able to synchronize a significant percentage of animals in a short window of time, 
resulting in a high conception rate after AI. 
Financial Support: CNPq (Projects 310166 / 2012-8 and 479826 2013-7), Fapemig (Project CVZ-PPM 
00201-17), and EMBRAPA (Project 02.08.02.005.00.04). 
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The objective of this study was to evaluate the influence of body weight (BW) changes, body condition 
score (BCS) loss, and cow behavior during the period of management for TAI on the conception rate 
from Nelore cows. The experiment was conducted in the Pantanal region with 189 multiparous (60 - 70 
days postpartum), with a mean of 9 years of age and maintained under a continuous grazing regime of 
Brachiaria humidicula. The evaluations of weight, BCS and behavior were performed for a single person 
10 days before the initiation of the TAI protocol (D-10), on the days of the protocol (D0, 8 and 10) and in the 
pregnancy diagnosis (D40). The weight was determined on a digital scale, the BCS was based on the scale 
1 to 5 (Lowman et al., 1976) and the behavior evaluated according to the refusal scores when entering the 
squeeze chute (1 - no refusal and 2 - with refusal) and movement in the squeeze chute (1 - calm to 5 - 
violent), (Grandin, 1993). On a random day of the estrous cycle (D0), the cows received an intravaginal 
progesterone (P4) device (2nduse, CIDR®, Zoetis, São Paulo, Brazil) and intramuscularly (i.m.) 2mg 
estradiol benzoate (Gonadiol®). On D8 after device removal cows received i.m.300IU of equine chorionic 
gonadotrophin (Novormon®), 1mg of estradiol cypionate (ECP®) and 16.75mg of dinoprost 
tromethamine (Lutalyse®). The TAI was performed 48 h after ovulation induction. The pregnancy 
diagnosis was performed by transrectal ultrasonography (5-MHz linear transducer) 30 days after the TAI 
(D40). For data analysis, from the weights and BCS the cows were classified as gaining or 
maintaining/losing weight and gaining or maintaining/losing BCS. From behavioral scores the cows were 
classified as calm, reactive or very reactive. The conception rate was analyzed by the logistic regression 
model and other variables by the general linear model adopting P ≤ 0.05. The days of management 
practices (D-10, 0, 8, 10 and 40) determined variation in weight (367 ± 40b, 349 ± 39c, 373 ± 41b, 363 ± 42band 
393 ± 43ª, P = 0.001) and in BCS (2.6 ± 0.5ab, 2.4 ± 0.2b, 2.5 ± 0.2ab, 2.5 ± 0.2aband 2.7 ± 0.2ª, P = 0.037), 
respectively. From 189 cows monitored during all days of management, 45.5% (86) were classified as 
calm, 32.3% (61) as reactive and 22.2% (42) as very reactive. The overall conception rate of the study 
was 32.3% (61/189) and wasn’t influenced by weight [gaining = 32.9% (48/146) vs. losing/maintaining = 
30.2% (13/43, P = 0.744)], BCS [gaining = 35.1% (46/131) vs. losing/maintaining = 25.9% (15/58, P = 
0.204)] and behavior [calm = 32.7% (28/86), reactive = 29.5% (18/61) and very reactive = 35.7% (15/42, 
P = 0.204)]. Under the conditions of this study, days of TAI management practices were associated with 
variations in BW, and BCS. However, it was not identified any relationship between the variables and 
conception rate in Nelore cows submitted to TAI. 
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Ionophores have been used to improve forage conversion in animal protein and to increase nutrient 
utilization efficiency in cattle. The effects of the mineral mix (MM) with addition of narasin (Zimprova®; 
Elanco, Brazil) on the performance of calves and pregnancy rate of Nellore cows were evaluated. A total 
of 362 multiparous cows, with initial weight of 441.65 ± 51.3 kg, ECC of 2.79 ± 0.66 (1-5 scale) and their 
calves (n = 362, males and females; 200 Nellore and 162 ½ Nellore x ½ Aberdeen Angus). The animals 
were distributed in the treatments in a 2x2 factorial scheme: two treatments (CONTROL and NARASIN) 
and two racial groups of calves (Nellore and ½ Angus x ½ Nellore), forming 4 experimental groups: 
NELCONTR: 100 cows and 100 Nellore calves, CRUZCONTR: 82 cows and 82 crossbreed calves, 
NELTRAT: 100 cows and 100 Nellore calves, and CRUZTRAT: 80 cows and 80 crossbred calves. All 
animals received the same diet, differing only from the inclusion of 13 ppm of narasin in MM (as 
recommended by the manufacturer) for the treated groups. The calves were supplemented in creep-
feeding without access to the cow supplement. Supplementation started 17 days before the start of the 
breeding season (BS) and a 7-day ruminal adaptation period was observed. BS lasted 90 days, consisting 
of a basic FTAI protocol with 3 managements and 30 days after the transfer with bulls in the proportion 
1:25 for 60 days. In FTAI, the cows were inseminated with semen from bulls with known fertility, also 
distributed in the treatments. Supplementation of cows and calves lasted for six months until weaning (8 
months). The data were analyzed by PROC GLIMMIX from SAS. MM consumption for CONTR cows 
averaged 0.131 kg and 0.125 kg for the NARASIN group. The crossbred calves consumed on average 
0.015 kg while the Nellore 0.010 kg. There was no effect (P> 0.05) of narasin on the pregnancy rate in the 
FTAI (51.1% CONTR vs 51.7% NARASIN), as well as at the end of BS (75.0% CONTR vs 77.2% 
NARASIN). On the other hand, cow weight gain during the supplementation period was higher (P = 
0.004) in the supplemented group (6.63 ± 30.40 kg CONTROL vs 18.85 ± 49.85 kg NARASIN). 
However, the weight of the calves at 205 days presented interaction (P=0.043), so the effect of the 
treatment depends on the racial group. The treatment effect was only observed in the crossed group 
(CRUZTRAT 214.62 ± 25.76a kg vs. CRUZCONTR 198.14 ± 26.40b kg) whereas in Nellore calves there 
was no treatment effect (NELTRAT 186.92±20.29 kg vs. NELCONTR 180.47 ± 24.62 kg). Similar effect 
was observed in the mean daily gain in which the treatment effect was only observed in crossbred calves 
(P=0.034; CRUZTRAT 0.87±0.12a kg vs. CRUZCONTR 0.79±0.12b kg) and (NELTRAT 0.74±0.09 kg 
vs. NELCONTR 0.71±0.11 kg). It was concluded that supplementation with narasin in MM during BS 
until weaning promotes an increase in the weight of cows and crossbred calves without affecting the 
pregnancy rate. 
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Timed artificial insemination (TAI) has been successfully used, on a large scale, as an alternative to 
natural mating of beef cattle, promoting a high socio-economic impact. However, TAI in dairy cattle is 
still little used as a viable alternative to traditional AI (with estrus observation), due to variable 
conception rates obtained with frozen semen. An alternative in order to increase in the reproductive and 
consequently productive indexes has been to investigate the effects of the use of cooled semen at 5oC for 
up to 48 hours in the TAI programs in beef and dairy herds. Therefore, the objective of the present study 
was to evaluate the use of cooled semen in a TAI program in Girolando cows, comparing it with frozen 
semen. For this purpose, a TAI experiment was carried out using the PESAGRO RIO dairy herd, in 
randomized blocks, from 2016 to 2017. The cooled semen came from bulls from a farm, located 200 km 
away from the herd to be inseminated and the frozen semen was commercial. For semen cooling, 
ejaculates were collected from two bulls (Holstein and Gir, 3 years old), with minimum parameters of 
seminal quality, according to the CBRA (≥ 70% progressive motility, ≥ 3 sperm vigor, ≤ 30% total sperm 
morphological defects, ≤ 10% larger defects). The semen was collected by means of electro ejaculation, 
and the ejaculate was diluted in Botubov ® (Botupharma - Botucatu / SP), containing glycerol, at the 
concentration of 20x106 spermatozoa / dose. Refrigeration was carried out at a temperature of 5oC for up 
to 24 hours in a passive system (transport in a styrofoam box with recyclable ice for three hours, and then 
commercial refrigerator maintenance at 5oC). In the group inseminated with commercial frozen semen 
two bulls (Holstein and Gir) of known fertility were used. 152 lactating cows (> 60 days postpartum) of 
the Girolando breed were synchronized in the TAI program, and the ovulation induction protocol was 
performed on a random day of the estrous cycle. All cows received 2.0 mg of Estradiol Benzoate (BE®) 
associated with the intravaginal progesterone monodose device containing 558 mg of progesterone 
(Cronipres®). In D8, the devices were withdrawn and 530 mg sodium cloprostenol (Ciosin®) plus 1 mg 
Estradiol Cypionate (ECP®) were administered. The TAI was performed between 48-52 hours after 
withdrawal of the progesterone source. The results were submitted to the X2 test. The mean pregnancy 
rates were: a) Cooled semen = 64.5% (49/76) and frozen semen = 44.7% (34/76) for conservation 
methods (p <0.05); b) Holstein = 53.7% (65/121) and Gir = 58.1% (18/31) for breed bull (P> 0.05). The 
interaction conservation method vs. bull breed was not significant (P> 0.05). The results allow us to 
conclude that in Girolando herds, regardless of the bull breed, the TAI pregnancy rates using refrigerated 
semen are higher than those obtained with frozen semen, with an increase of 20%. 
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Pregnancy establishing after artificial insemination (AI) in goats depends on many important aspects, 
including time of AI, ovulation and premature luteal regression. The knowledge of ovulation in relation to 
estrus onset, ovulation induction and strategies to prevent PLR can be valuable tools to increase 
pregnancy rate. This study tested the effect of hCG administration on pregnancy rate in artificially 
inseminated dairy cyclic goats after estrus synchronization. A total of 315 dairy goats received two doses 
of 30 g d-cloprostenol (Prolise; ARSA S.R.L., Buenos Aires, Argentina) latero-vulvar 7 (n=115) or 
11.5 (n=200) days apart in five (1 to 5) different farms. In farms 1 and 2, goats received 7 days protocol; 
3 and 4 received 11.5 days protocol; and farm 5 both protocols. Goats were checked for estrus twice daily 
and only those in estrus up to 72 h after the second d-cloprostenol administration were artificially 
inseminated with frozen-thawed commercial semen, in standing position (Fonseca et al., Biol Reprod., 
17:268-273, 2017). After second cloprostenol administration, goats in estrus at 24 to 48 h, 60 and 72 h 
were artificially inseminated at 24, 18 and 10 hours after estrus onset 7 days protocol, while for 11.5 days 
protocol, goats in estrus at 24 to 36 h, 48 and 60 h were artificially inseminated at 24, 18 and 10 hours 
after estrus onset, respectively as proposed (Maia et al., Anim. Reprod. Sci., 181:16-23, 2017). 
Immediately after AI, goats were alternately allocated according to estrus synchronization protocol to 
received either 300 IU hCG (Vetecor 5000; Hertape Calier, São Paulo, Brazil) (n=143) or not (n=147). 
hCG was diluted in a 0.3 mL saline solution and deposited into the vagina with the aid of a sterile insulin 
syringe without needle. Pregnancy rate was checked 60 days after AI by transrectal ultrasonography. 
Qualitative variables were analyzed by chi-square test at 5% significance. Protocols of 7 and 11.5 days 
apart resulted in overall pregnancy rate of 62.8% (66/105) and 80.0% (148/185), respectively. In Farm 5, 
pregnancy rate for 7 and 11.5 days protocols was 85.2 (23/27) 93.6 (29/31), respectively (P>0.05). A total 
of 67.3% (99/147) and 80.4% (115/143) of artificially inseminated goats became pregnant for Control and 
hCG treated groups, respectively (P<0.05). Results of this study showed that hCG administration 
associated to AI significantly increased pregnancy rates in goats after estrus synchronization with d-
cloprostenol, which can be a valuable and promising tool to be applied in field conditions. 
Financial Support: CNPq (Projects 310166 / 2012-8 and 479826 2013-7), Fapemig (Project CVZ-PPM 
00201-17), and EMBRAPA (Project 02.08.02.005.00.04). 
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The correct execution and manipulation of the follicular development at the most appropriate moments of 
the estrous cycle, can generate better results in IATF protocols in beef cows. The objective of this study 
was to evaluate the associations between the follicular diameter and the occurrence of estrus on the design 
rate of Nelore cows submitted to FTAI. Twenty-three lactating Nellore (Bos indicus) primiparous and 
multiparous cows, kept in Brachiaria decumbens pasture, with free access to water and mineral 
supplementation were used. The base hormonal protocol used was: D0 = implant insertion Cronipres® 
Mono Dose + application of 2 mg of BE (Bioestrogen®); D8.5 = implant withdrawal + application of 300 
IU of eCG (Ecegon®), + 75 μg of D-Cloprostenol (PGF2α) + 1mg BE (Bioestrogen®). The females had 
the base of the tail painted with a marker stick at the moment of removal of the device. In the D10, IATF 
was performed in the morning. The pregnancy rate (TP) was evaluated by ultrasonography (Mindray M5 
Vet, with linear probe of 5.0 MHz) at 30 and 60 days after IATF. The data were submitted to frequency 
analysis and logistic regression analysis, using the Statistical Analyzes System (SAS, 9.3) program, 
adopting a significance level of 5%. The mean estrus occurrence rate was 58 for the va and the conception 
rate of 51%. The mean diameter of the dominant follicle at the time of FTAI was higher (P <0.05) in 
cows presenting estrus (11.70 ± 0.19 mm) compared to those without estrus (10.31 ± 0.23 mm). The 
mean follicular diameter of pregnant cows was higher (P <0.05) than non-pregnant cows, both at the time 
of removal of the P4 device (9.62 ± 0.24 versus 8.15 ± 0.22 mm) (12.21 ± 0.22 versus 10.31 ± 0.22 mm). 
There was no difference in the pregnancy rate between cows with ovulatory follicles with diameters 
between 11.1 mm and 14 mm (63.5%) with cows with follicles> 14.1 mm (63.5%) (P> 0.05). However, 
cows with follicular diameter <11.1 mm had a lower conception rate (34, 5%) (P <0.05). The mean 
follicular diameter at the time of TAI was 11.4 mm. Lactating Nelore cows submitted to FTAI with larger 
diameter follicles, at the time of FTAI, were more likely to show a higher percentage of estrus and 
consequently higher pregnancy rate. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

366 Anim. Reprod., v.15, n.3, p.366, Jul./Sept. 2018 

A051  TAI/FTET/AI 
 

Administration of HCG seven days after estrous onset increases the pregnancy rate in 
Toggenburg goats subjected to induction of synchronized estrus and natural mating 

 
L.R. Côrtes1, M.O. Fraga2, D.S. Silva3, J.F. Prates4, B.B. Martins5, L.M. Figueira6, G.C. Bonato7, 

A.M. Arrais8, J.M.G. Souza-Fabjan1, F.Z. Brandão1, J.F. Fonseca2 

 
1UFF - Faculdade de Veterinária, Universidade Federal Fluminense, Niteroi, RJ, Brasil; 2Embrapa Caprinos e 

Ovinos, Sobral, CE, Brasil; 3Unigranrio - Universidade do Grande Rio, Duque de Caxias, RJ, Brasil; 4IF Sudeste 
MG - Instituto Federal de Educação Ciência e Tecnologias Sudeste de Minas Gerais, Rio Pomba, MG, Brasil; 

5UNIPAC - Universidade Presidente Antônio Carlos, MG, Brasil; 6UFLA - Universidade Federal de Lavras, Lavras, 
MG, Brasil; 7UFV - Universidade Federal de Viçosa, Viçosa, MG, Brasil; 8UFRRJ - Universidade Federal Rural do 

Rio de Janeiro, Seropédica, RJ, Brasil. 
 
The dominant follicle reaches its maximum diameter on the sixth day after ovulation or seven days after 
the onset of estrus (Castro et al., Theriogenology, 52: 399-411, 1999). This study investigated the effect 
of hCG administration on the seventh day after the onset of estrus (D7) on pregnancy rate in Toggenburg 
goats. The study was conducted during December and January in Piau, MG, Brazil (latitude 21°35′S and 
longitude 43°15′W). A total of 86 Toggenburg goats was used, with a mean body weight of 49.2 ± 10.5 
and body condition score of 2.8 ± 0.4 (1 to 5 scale). For estrus synchronization, all the animals received a 
vaginal sponge containing 60 mg of medroxyprogesterone acetate (Progespon; Syntex S.A., Biochemical 
and Pharmaceutical Industry, Buenos Aires, Argentina) for six days. Both 200 IU eCG (Folligon; Intervet 
International B. V., Boxmeer, Holanda) and 30 µg of d-cloprostenol (Prolise; ARSA S.R.L., Buenos 
Aires, Argentina) i.m. were administered 24 h before sponge removal. After sponge removal, the estrus 
detection and breeding were performed every 12 h with males previously submitted to andrological 
examination. Both experimental groups were formed according to their order of entry into estrus, where 
the animals in the control group received 1 mL of saline solution and 300 IU hCG (Vetecor, Laboratorios 
Calier S.A., Barcelona, Spain) i.m., both in D7. Pregnancy diagnosis was performed on the D30 through 
transrectal ultrasonographic evaluation (Mindray® M5Vet, Shenzhen, China), with a linear transducer of 
5.0 MHz. For statistical analysis, the chi-square test was used with a significance level of 5%. The 
pregnancy rate of the animals receiving hCG was superior (P=0.047) than those receiving saline [90.7% 
(39/43) and 74.4% (32/43)]. We conclude that the use of hCG seven days after hormonally induced-estrus 
is an efficient strategy to increase the pregnancy rate in dairy goats.  
Financial Support: Minas Gerais Research Support Foundation (Fapemig, Project CVZ-PPM 00201-17). 
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The reproductive efficiency of farm animals is measured by the success of a female becoming pregnant 
every breeding season and giving birth to progeny. With the intensification of production systems, it is 
necessary to maximize the use of high genetic merit sires over a shorter time frame to compress the 
lambing season during a desired time of the year. However, improvement of reproductive gains is often 
dependent on efficiency strategies for the synchronization of estrus and ovulation. Currently, the most 
effective protocols for synchronizing females in different stages of estrus depends on the use of 
intravaginal, progesterone (P4) releasing implants. At the present time, little is known about the effect of 
those implants on the normal vaginal microbiota of the synchronized females. Therefore the objective of 
this study was to characterize the effect of intravaginal P4 implants on the population of vaginal 
microbiota in ewes. To that end, 18 Hampshire-Down ewes were synchronized with progesterone sponge 
implants (UFSM), for a period of 7 days. Intravaginal swabs were collected on day 0 (zero) of the 
protocol and subsequently on day 7, at the removal of the implant, in all the animals. Immediately after 
collection, bacterial populations were characterized based on culture analyses and biochemical testing. A 
comparison amongst the presence of different bacterial types in animals at different time points were 
performed using a Fisher-Exact test, and significance was considered if a P<0.05. Using the culture 
method, thirteen (n=13) different bacterial types were identified in the vaginal tract of ewes. The use of 
intravaginal P4 implants appeared to reduce the presence of many vaginal bacterial populations in all 
ewes. The usage of the P4 implant significantly reduced the presence of the Corynebacterium sp. and 
Streptococcus sp. on day-7 when compared to day-0 (P<0.04). Escherichia coli, was the only bacterial 
population identified in the vaginal tract of more animals on day-7, when compared to day-0 (P4 implants 
used for estrus synchronization has possibly amplified the local immune response within the vaginal tract 
of ewes, therefore reducing the bacterial colonization in the synchronized ewes. 
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The objective was to determine through evaluations related to nutritional balance and reproduction, the 
efficacy of the injectable supplement, Aminofort®, applied to beef bovine anestrous females submitted to 
a fixed time artificial insemination protocol (FTAI). Two hundred and thirty lactating, primiparous and 
multiparous, acyclic zebu cows (without CL), body scoring (ECC) between 2 and 3 (scale: 1 to 5) and 45 
to 60 days postpartum were used. Fifteen days before the FTAI protocols, they were distributed according 
to the diameter of the largest follicle, ECC and category (primiparous or multiparous) in two treatments. 
T1: (N = 154) 10mL of Aminofort®, IM, in three doses, D-15, D0 and D10, and T2: (N = 76) 10mL of 
saline on the same days. The FTAI protocol was - D0: Progesterone (P4) device insert and 2mg of 
Estradiol Benzoate IM, D8: withdrawn implant, 0.5mg of Cloprostenol, 1.0mg of estradiol Cypionate and 
300UI of eCG IM and FTAI in D10. Used semen was from the same bull. Ultrasonographic assessments 
were performed on D-15, D10 for follicle measurement, D17 for corpus luteum (CL) check, and D40 
after the end of the reproductive season to gestation diagnosis (Mindray ™ - M5). The ECC evaluation 
and weighting was performed at D-15 and D40. Five days after the FTAI the cows were released with 
bulls. The animals of the different treatments remained together in Brachiaria decumbens pasture with 
mineral mixture and water ad libitum. The means of weight, ECC and follicular diameter were submitted 
to ANOVA and compared by Tukey test. The percentages of cyclic animals on D17 and pregnant in both 
periods were compared by X2. Analyzes at 5% probability. There was no difference (P>0.05) in body 
weight and body score in the initial evaluation, indicating a right distribution in the treatments. The mean 
weight gain (317+31.3a vs 222.8+30.43b g/day) and mean ECC (2.9+0.4a vs 2.8+0.3b) evaluated in D40 
were higher in females treated with Aminofort (P<0.05). The mean ovulatory follicle diameter in D10 
(10.9+3.4a vs 9.6+2.9bmm) and the percentage of cows with CL in D17 (82.4% vs 69.7%) was higher 
(P<0.05) in females treated with Aminofort. The gestation rate in D40 was 42.2% and 31.6% for 
Aminofort or saline. At the end of the breeding season, this percentage was 90.2 and 67.6% for T1 and 
T2, respectively (P<0.05). Although not providing differences in pregnancy rate on D40, the treatment 
was efficient in making more cows cyclical after the protocol, and these were more quickly served by 
bulls, which led to better gestation rate (P<0,05) at the end of the season. The condition of cyclicity is a 
prerequisite for the female to be able to become pregnant, especially in natural mating. It is concluded 
that the supplementation used is efficient in improving the performance of acyclic zebu cows in the 
breeding season scheme. 
Support: Eurofarma, Biotran, Unifenas, CNPq and Fapemig. 
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The aim of this study was to determine the progesterone (P4) release of an intravaginal device (IVD) 
containing 1.25 g of P4 (Biprogest™-Bimeda, Brasil) in three consecutive uses in females without 
endogenous P4. Eighteen crossbred females, nine heifers (322 to 375kg) and nine cows (388 to 512kg) 
were used. Prior to the insertion of IVD, these animals received another commercial DIV and remained 
with it between D-8 and D-1. In this period they received a dose of PGF in D-8 and D-3. In D0, 
ultrasonographic (US) evaluation of the ovaries using Color Doppler ultrasonography (Mindray - M5) 
was made to confirm the absence of functional corpus luteum (CL) and a blood sample was collected. On 
this day the IVD was inserted. Other blood samples were collected at 12, 24, 48, 72, 96, 120, 144, 168 
and 192 hours, when the implant was removed, washed and disinfected. On this day, a new US was made 
to verify the absence of CL. New blood sample was collected 12 hours (204 h) after IVD removal. For the 
second use, seven days later, the animals were submitted to the same preparation and the devices were 
inserted again. The same evaluations and blood collection scheme were repeated. The same procedures 
were made to determine the third release curve. P4 dosages were done by Electrochemiluminescence 
(ECL) using commercial Elecys Progesterone III kits (Roche™). The mean concentrations of P4 between 
categories and curves were compared by ANOVA (5% probability). The protocol for the removal of 
endogenous P4 was efficient in all animals in the three curves. The intra-assay variation coefficient of the 
P4 dosage was 1.37%. The mean concentrations of P4 in the 1st curve were 0.7+0.3; 3.5+1.1; 4.2+1.6; 
4.1+1.6; 4.0+1.4; 3.4+1.0; 3.5+1.2; 2.9+0.9; 2.5+0.8; 2.2+0.7 and 0.7+0.3. From the 2nd curve 0.6+0.2; 
3.3+1.1; 3.4+0.7; 3.2+0.7; 3.0+0.6; 2.7+0.8; 2.2+0.8; 1.8+0.8; 1.7+0.7; 1.6+0.7 and 0.4+0.3. From the 
3rd curve 0.2+0.1; 1.2+0.3; 1.4+0.5; 1.5+0.6; 1.4+0.3; 1.3+0.3; 1.3+0.3; 1.0+0.3; 0.8+0.4; 0.7+0.1 and 
0.3+0.1 ng/mL for moments 0, 12, 24, 48, 72, 96, 120, 144, 168, 192 and 204 hours, respectively. The 
mean concentration of P4 was 3.3+1.3a; 2.6+1.0b and 1.2+0.4c (P<0.05) for uses 1, 2 and 3, respectively. 
Heifers showed higher concentrations than cows (P<0.05) when considering uses together and in uses 1 
and 2. In these two curves, heifers presented higher concentrations (P<0.05) from 12 to 192 hours. P4 
concentrations were compatible with those considered capable of blocking the hypothalamic/pituitary axis 
(above 0.8 ng/mL) in heifers in three uses and in cows in two uses. It is concluded that the IVD is 
efficient for three uses in heifers and two uses in cows without endogenous P4, in timed protocols where 
the implant remains for eight days. 
Supported by: Bimeda, Biotran, Fapemig, Capes, CNPq. 
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The possibility of performing early pregnancy diagnosis in ewes 17 days post-breeding using color 
Doppler ultrasonography (US) (Arashiro et al., Theriogenology, 106:247-252, 2018) allows 
resynchronization protocols to be started even before knowing the pregnancy status of the animal. 
However, utilization of such protocols still depends on the evaluation of their effects on luteal function 
and consequent effects on a possible pregnancy. The present study evaluated the effect of using 
medroxiprogesterone acetate on days 12 to 17 post-breeding on luteal function of sheep. Hair sheep 
(n=42) were submitted to estrus/ovulation synchronization protocol according to Balaro et al., 2016 
(Domestic Animal Endocrinology, 54:10-14). Briefly, this protocol was based on intravaginal sponge 
impregnated with 60mg of medroxiprogesterone acetate for 6 days, associated with 0.24mg of sodium 
cloprostenol and 300 IU of equine chorionic gonadotropin (24 h before sponge withdrawal), and 0.025mg 
of gonadorelin acetate (24h after sponge withdrawal). Only part of the ewes (n=24) were submitted to 
estrus detection and controlled natural mating (D0) with fertile rams (n=5). A second intravaginal sponge 
was inserted 12 days (D12) after beginning of natural mating in half of the ewes submitted to natural 
breeding and in half those not mated. The second sponge was removed 5 days later (D17). Blood samples 
were daily collected forma all ewes using vacutainer tubes containing EDTA for determination of plasma 
progesterone (P4) levels. Pregnancy diagnosis was performed by B-Mode US on D30 and animals were 
retrospectively allocated in the experimental groups as follows: Group 1 (G1), pregnant ewes without 
sponge (n=9); Group 2 (G2), pregnant ewes with sponge (n=10); Group 3 (G3), non-pregnant ewes 
without sponge (n=12); Group 4 (G4), non-pregnant ewes with sponge (n=11). An abrupt decrease in P4 
concentration (>50%) was used to determine the moment of luteolysis. Data were submitted to normality 
and homocedasticity evaluation e comparison between groups were performed by ANOVA and Tukey’s 
test with 5% significance. From D12 to D17, plasma P4 concentration did not differ between pregnant 
ewes with and without sponge (G1 and G2) and also not differ between non-pregnant ewes with and 
without sponge (G3 and G4). Luteolysis moment also did not differ between non-pregnant animals (day 
14.58±1.11 and 14.64±0.8 for G3 and G4, respectively). The results show that insertion of a second 
sponge impregnated with medroxiprogesterone acetate in the second half of luteal phase did not affect 
plasma progesterone concentration and the expected moment of luteolysis. Such results allow 
intensification of reproductive management of sheep by developing early estrus/ovulation 
resynchronization protocols. 
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Evaluation and selection of embryo recipients is generally based on rectal palpation and B mode 
ultrasonography of corpus luteum (CL). However, this assessment may result in low efficacy and 
accuracy, transferring embryos in females with non-functional or low functional CLs, because size and 
consistence are not high reliable parameters to assess CL functionality. The objective of the current study 
was to evaluate the impact of corpus luteum blood flow (CLBF) assessed by Color-Doppler mode 
ultrasonography at the time of embryo transfer on pregnancy rate in Angus embryo recipients. The 
experiment took place in Buenos Aires Province, Argentina, where 93 lactating Angus recipients at 60 
days postpartum received an embryo after the following estrus synchronization protocol: D0= 1.9g P4 
device insertion (CIDR®, Zoetis,  Argentina) + 2 mg estradiol benzoate (EB; Gonadiol®, Zoetis, 
Argentina); D7= P4 device removal + 25mg dinoprost tromethamine (Lutalyse®, Zoetis, Argentina); D8= 
1mg EB. Estrus detection was done by visual observation and embryo transfer (ET) was performed 7 days 
after. At the time of ET ovaries were scanned using a Color-Doppler mode and B mode ultrasonography 
equipment (MyLab one, Esaote, Holland) with a color velocity setting of 5cm/s and a frequency of 
6.6MHz, by one experienced technician in order to assess CLBF and CL diameter. Animals were 
retrospectively divided in two groups according to CLBF: High CLBF (blood flow ≥40% of CL area; 
n=64) and Low CLBF (blood flow ˂40% of CL area; n=29). Pregnancy diagnosis was performed by B 
mode ultrasonography (Aloka 500, Aloka, Japan) on day 30 after ET. Pregnancy rate (PR) and average 
CL diameter were compared between groups by logistic regression following a binomial distribution and 
t-test, respectively, using the version 3.2.3 of R Studio software (R Foundation for Statistical Computing, 
Vienna, Austria). There was no statistical difference for PR between groups (High CLBF=60.6%, Low 
CLBF grouP=48.1%; P=0.27). The average CL diameter was not different between cows with higher 
CLBF (21.34mm) and low CLBF (21.52mm; P=0.8). Results show that CL diameter is not related with 
CL functionality, as previously demonstrated in a previous study (Pinaffi et al., Pesquisa Veterinária 
Brasileira, 35:5:470-476, 2015). Contrary to previous studies (Pinaffi et al., Pesquisa Veterinárisa 
Brasileira, 35:5:470-476, 2015, and Pugliesi et al., Anais SBTE 2016, pag 238, 2016) in which recipients 
with greater CL functionality had higher PR, this fact was not found in the current assay. Further assays 
are being done based and supported by the numerical difference in PR found between groups in the 
current experiment. 
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Estrus synchronization with fixed-time artificial insemination in sheep is performed based on the 
estimated time of the highest concentration of ovulation but, so far, the results are highly inconstant. 
Apparently, 17β-estradiol and Estradiol Benzoate (EB) stimulate LH discharges in sheep similar to 
preovulatory concentrations, but information is scarce regarding their effect on follicle development. 
Furthermore, there is no information regarding Estradiol Cypionate (EC). Therefore, this study aimed to 
determine if EC influences follicular growth and ovulation, compared to EB. To test this hypothesis, 
cyclic ewes (n = 22) were maintained for 13 days with an intravaginal sponge impregnated with 60mg of 
MAP. At sponge withdrawal (Day 0), all animals received 120 μg sodium Cloprostenol i.m. (Estron, 
Agener) to ensure low concentrations of circulating progesterone. The animals were randomly divided 
into four experimental groups: On D0 Negative control (NC) animals (n = 5), did not receive additional 
hormones; Positive control (PC; n = 5) received 300 IU of eCG (Novormon, Zoetis) and the animals of 
the CE Group (n = 6) received 250 μg of EC i.m. (ECP, Zoetis). After 24 h (D1), animals from EB Group 
(n = 6) received 250 μg BE i.m. (Gonadiol, Zoetis). The follicular development was daily evaluated by 
transrectal ultrasonography, from D0 to the disappearance of the ovulatory follicle or until D4. Estrous 
was identified by a teaser with crayon markers. CLs presence and number were confirmed by laparoscopy 
on D7. Data were evaluated by ANOVA and means compared by T-Student test. The mean preovulatory 
follicle diameter was 5.5 ± 0.3 mm and did not differ among groups. On D1, follicular growth rate of the 
PC group was higher than the others (p = 0.001). On D2, when the moment (24, 48, 72h) was considered 
in relation to the growth of the largest follicle, the EB group had higher follicular growth (p = 0.001). On 
D3, the NC had a tendency (p = 0.06) for a higher follicular growth rate in relation to the others, which 
did not differ among themselves. Animals had similar estrous and ovulatory rates among the treatments 
NC, PC, EC and EB (80%, 4/5, 100%, 5/5, 83%, 5/6 and 83%, 5/6) and (80%, 4/5, 100%, 5/5, 66.6%, 4/6 
and 83%, 5/6), respectively. Ewes from NC, PC, EC and EB, respectively, had 1.25, 1.25, 1 and 1 CLs on 
D7. From the evaluations performed, there was an increase in follicular growth 24 h after the EB 
administration; however, the response obtained with EC was not different at the end of the period. More 
experiments should be conducted to determine the ability of EC to induce LH peak and consolidate EB 
function as on ovulation inducer. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.373, Jul./Sept. 2018 373 

A058  TAI/FTET/AI 
 
The effect of Ceftioflur Hydrochloride in the vaginal microbiota of dairy cows submitted to 

a synchronization protocol with CIDR® 
 

G.C. Zanella1, D.L. Quadros1, A.N. Silva1, L.M. Lof1, F.L. Facioli1, M.E. Cantão2, C. Bondan1,  
E.L. Zanella1, R. Zanella1 

 
1UPF - Universidade de Passo Fundo, Passo Fundo, RS, Brasil; 2EMBRAPA Suínos e Aves, Concórdia, SC, Brasil. 
 
 
With the intensification in the livestock sector, it is necessary to better understand the mechanisms 
involved with reproductive failures to minimize those effects. The use of synchronization of estrus and 
ovulation with intravaginal progesterone implants (P4) is a common tool used in cattle to control the 
breeding season. However, their use may result in vaginitis, possibly altering the normal vaginal 
microbiota, leading to a local inflammation. Therefore, the objective of this study was to identify the 
effect of P4 implants in the vaginal microbiota of Holstein cows, using a 16S rRNA sequencing of the 
vaginal tract of synchronized females. For that, 6 healthy, cyclic Holstein cows were synchronized with 
progesterone implants and separated into two groups: Group one (G1) received 2.2mg.kg-1 of Ceftioflur 
Hydrochloride by IM route on day 9 of the protocol and Group two (G2), received 25ml of physiological 
solution. Vaginal swabs were collected on day zero (d0) and on day ten (d10) of the protocol, to 
investigate the effect of implants and antibiotics on the local microbiota. Bacterial DNA was extracted, 
measured and further sequenced using SE-Libraries for fragments of 300bp with an average of 10.000 
reads per sample using MiSeq-Illumina. Bacterial sequence data were preprocessed using Seqyclean to 
remove adapters and low quality reads (<280bp), and further classification was conducted with Silva data 
base. Comparison between the type and amount of bacteria on d0 and d10 of G1 and G2 was conducted 
using STAMP software using an ANOVA test, significance was considered if P<0.05. In addition to that, 
an interaction amont time and treatment was conducted using Calypso program (Multivariate option) 
ANOSIM. One hundred and thirty five different bacterial genera were identified in the vaginal microbiota 
of Holstein cows, most of which are found in the cattle gastrointestinal tract. An interaction among time 
and treatment was observed in four bacterial families (P<0.05). The antibiotic significantly reduced the 
presence of 5 bacterial families (Xanthomonadaceae P=1.15x10-3 Succinivibrionaceae P=0.019, 
Lachnospiraceae P=0.027, Porphyromonadaceae P=0.035, Spirochaetaceae P=0.049). And the non use 
of it increased significantly 3 bacterial families (Family_XIII_unclassified P=0.013, 
Family_XIII_AD3011_group P=0.048, Lachnospiraceae P=0.049). Characterization of the vaginal 
microbiota in the livestock is of great economical and sanitary interest. The Ceftioflur Hydrochloride was 
shown to be useful on preventing infection and reducing bacterial growth, caused by intravaginal 
implants.  
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The objective of this study was to correlate the structural characteristics of the preovulatory follicle and 
the morphofunctional parameters of the corpus luteum (CL) in dairy crossbred females submitted to a 
Protocol for Fixed-Time Artificial Insemination (FTAI). A total of 116 multiparous female, non-lactating, 
3/4 Gir x Holtein-Frisian, aged 5.69±1.06 years, with body condition score of 3.01±0.39 (1 to 5 scale) 
were utilized. Cows were maintained in pasture with mineral supplementation and water ad libitum. In a 
randomized day denominated day zero (D0) the synchronization protocol was initiated through the 
insertion of intravaginal progesterone (P4) device (DIB®, Zoetis, São Paulo, Brazil) and injection of 
2.0mg of estradiol benzoate (Gonadiol®, Zoetis, São Paulo, Brazil) intramuscularly (IM). On day nine 
(D9) the P4 devices were removed and 12.5mg dinoprost tromethamine (Lutalyse®, Zoetis, Sao Paulo, 
Brazil), 0.6mg estradiol cypionate (ECP®, Zoetis, St. Paulo, Brazil), and 300UI equine chorionic 
gonodotrophin (eCG) (Novormon®, Zoetis, São Paulo, Brazil) were administered IM. On day 11 (D11), 
to determine the structural characteristics of the preovulatory follicle, the animals were examined by 
ultrasonography (US) in B mode and color doppler by measuring the follicular diameter (DFOL), the area 
of the follicular wall (AFOL) and the area of vascularization of the follicular wall (VFOL). On day 24 
(D24), we performed US in B mode and color doppler of the CL, analyzing the luteal diameter (DCL), 
luteal area (ACL) and the area of vascularization of the CL (VCL). Blood samples were also collected 
and serum P4 concentrations were determined using the Access immunoassay systems progesterone 
(Architect Progesterone Reagent Kit, Abbott Laboratórios do Brasil LTDA, São Paulo, Brazil). Statistical 
analyses were performed using SPSS, version 19, P<0.05. The correlation between the follicular (DFOL, 
AFOL and VFOL) and luteal characteristics (DCL, ACL, VCL and P4) were established using the 
Pearson correlation test. The overall mean for DFOL, AFOL and VFOL was 1.35±0.24cm, 0.63±0.14 cm2 
and 0.28±0.09 cm2, respectively. For the luteal parameters, the average observed for DCL, ACL, VCL 
and P4 concentrations, were 2.02±0.34cm, 3.24±0.94cm2, 1.18±0.59cm2 and 8.64±3.26ng/mL, 
respectively. The DFOL showed a positive correlation with DCL (r=0.45, P=0.02), ACL (r=0.43, P=0.03) 
and P4 concentrations (r=0.56, P=0.004). The association between AFOL and P4 concentrations was 
positive (r=0.64, P=0.001). In relation to the VFOL, a positive correlation was observed with DCL 
(r=0.56, P=0.003), VCL (r=0.52, P=0.008) and P4 concentrations (r=0.78, P=0.0003). It was concluded 
that there was a positive correlation between the follicular structural characteristics and the 
morphofunctional parameters of the corpus luteum, making possible the use of follicular measurement as 
a tool to predict the functionality of CL and thus improve FTAI programs. 
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The objective of this study was to compare the use of combination of progesterone (P4) and17β-estradiol 
(E2) or E2 benzoate (EB) for synchronization of follicular emergency in Bos indicus beef cows submitted 
to FTAI on: 1) moment of new follicular wave emergency; 2) characteristics of the preovulatory follicle 
(POF); and 3) pregnancy rate (PR). For this, in the Exp1 lactating Nelore cows (n = 12/group) were 
submitted to an FTAI protocol and divided into 2 groups (EB and E2). On D−10, the EB group received 
an intravaginal P4 device (0.96 g; Progestar®; Boehringer Ingelheim, Brazil), 500 μg PGF2α (Cloprostenol 
sodium; Cioprostinn®; Boehringer Ingelheim) and 2 mg EB (Estrovulinn® Boehringer Ingelheim). In the 
group E2, EB was replaced by 5.5 mg of E2 associated with 50mg P4 (Betaproginn®; Boehringer 
Ingelheim). After 8 days the device was withdrawn, PGF2α was applied and 12 hours after EB (1mg) was 
injected. The FTAI was performed 36 hours after EB injection (D0). Between D−10 and D0, 
ultrasonography (US) assessments were performed daily to measure all follicles with diameter>4 mm. In 
the last 48 hours pre-FTAI, percentage of blood perfusion in the follicular wall in the POF was evaluated 
by US Color-Doppler. The ovulation was confirmed on D1. In Exp2, Nelore and Tabapuã cows and 
heifers (n = 505) were submitted to the same treatments described in Exp1 (except for PGF2α in D−10). At 
D0 the diameter of the POF was measured and the pregnancy diagnosis was performed on D30 and D60. 
PR was evaluated by logistic regression using PROC GLIMMIX of SAS. The following variables were 
included in the final model: treatment, bull, eCG and estrus. The parametric data were evaluated by 
ANOVA using PROC MIXED. In Exp 1, follicular emergence (3.4 ± 0.2 days), ovulation rate (87%) and 
PR (54%) did not differ (P> 0.1) between groups. The diameter and perfusion of the POF did not differ 
(P>0.1) at TAI (13.7 ± 0.4mm and 53.8 ± 3%, respectively). However, the percentage of perfusion in the 
POF on D−2 tended to be greater (P= 0.08) in the E2 group (47 ± 3%) than in EB group (38.8 ± 2%). In 
Exp2, there was no difference in the diameter of the POF between groups (P>0.1). An interaction 
(P<0.05) between group and category was observed for PR in D30 and D60. No difference was observed 
between EB and E2 groups in pluriparous cows (61%, 99/164 vs. 56%, 92/165, respectively) and 24-
month-old heifers (45%, 20/46 vs. 50%, 16/36, respectively). For primiparous cows, higher (P <0.05) PR 
was observed in the E2 group (58%, 26/46) compared to the EB group (30%, 14/48). It is concluded that 
E2 when associated with P4 has similar efficacy to EB on follicular wave synchronization, POF 
development and PR in pluriparous cows and heifers. However, E2 when associated with P4 may benefit 
the PR post-TAI in primiparous cows, but future studies are needed in a larger number of animals. 
Acknowledgments: FAPESP (2015/10606-9), CAPES, Boehringer Ingelheim Animal Health in the Brazil 
Ltda. 
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The objective of this study was to evaluate the influence of weight variation on the conception rate of 
Nelore cows with low, intermediate and high antral follicle count (AFC) submitted to timed artificial 
insemination (TAI). Nelore cows (Bos indicus, n = 280), multiparous (30-40 days postpartum), with body 
condition score ranging from 2.0 to 4.5 (scale 1-5) were selected to receive a TAI protocol. On a random 
day of the estrous cycle (D0), the cows received an intravaginal progesterone device (1g P4, 1st use, 
Primer®, Tecnopec, São Paulo, Brazil) and 2mg estradiol benzoate (RIC BE®, Tecnopec) i.m. On D9 the 
P4 device was removed and it was administered (i.m.) 482µg sodium cloprostenol (Estron®, Tecnopec), 
300IU equine chorionic gonadotrophin (Folligon®, MSD) and 1mg estradiol cypionate (Fertilcare 
ovulation®, MSD). The TAI was performed 48 h after P4 device removal. The AFC (count of follicles ≥ 
3 mm) was determined by transrectal ultrasonography on D0. The cows were weighed (kg) 10 days 
before starting the protocol and on the day of pregnancy diagnosis (D40), which was performed 30 days 
after the TAI. For analysis, the cows were divided according to the AFC in low (≤ 15 follicles), 
intermediate (≥ 16 and ≤ 34 follicles) or high count (≥ 35 follicles) and according to the weight variation 
in gaining (positive variation of +10 to -90 kg), maintaining (variation from -9 to +9 kg) or losing weight 
(negative variation from -10 to -50 kg). Data were analyzed by the logistic regression model, including all 
effects and interactions (P ≤ 0.05). The overall conception rate was 60.7% (170/280). There was an effect 
weight variation [gaining = 65.9%a (56/85), maintaining = 66.4%a (75/113) and losing = 47.6%b (39/82); 
P = 0.010] but not significant effect of AFC [low = 62.8% (54/86), intermediate = 60.7% (71/117) and 
high = 58.4% (45/77); P = 0.195] on conception rate. There was an interaction (P = 0.043) between 
weight and AFC. Lower conception rate (P = 0.05) was observed in cows losing weight, both in low AFC 
[gaining = 61.9%a (13/21), maintaining = 76.9%a (30/39) and losing = 42.3%b (11/26)] as high AFC 
group [gaining = 69.2%a (18/26), maintaining = 70.0%a (14/20) and losing = 41.9%b (13/31)]. In the 
intermediate AFC group, no effect of weight variation was observed [gaining = 65.8% (25/38), 
maintaining = 57.4% (31/54) and losing = 60.0% (15/25), P = 0.743]. In the present study, it was 
concluded that weight loss, but not ovarian AFC, affects conception rate in Nelore cows submitted to 
TAI. 
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The objective of this study was to evaluate the effect of body condition score (BCS) on the conception 
rate of Nelore cows with low, intermediate and high antral follicle count (AFC), submitted to timed 
artificial insemination (TAI) protocol. A total of 721 zebu cows, with 36 to 96 months old and BCS 
ranging from 2.0 to 3.5 (scale 1-5) were used in this study. The animals were assigned to TAI and 
submitted to a standard ovulation synchronization protocol on a random day of the estrous cycle 
denominated D0. On this day the females received, the intravaginal device of progesterone (P4; 
Cronipres® Mono Dose M-24, Biogénesis Bagó, Buenos Aires, Argentina) in association with the 
injection of 2.0 mg estradiol benzoate (Bioestrogen®, Biogénesis Bagó) intramuscular (i.m.). After 8 
days (D8), the device of P4 was removed and i.m. were administered 150 µg of sodium cloprostenol 
(Croniben Biogénesis Bagó), 300 IU of equine chorionic gonadotropin (Novormon®, MSD Saúde 
Animal, São Paulo, Brazil) and 1.0 mg of  estradiol cypionate (ECP®, Zoetis, São Paulo, Brazil). The 
AFC of each animal was determined in the D0 after examination with transrectal ultrasonography with 
linear transducer of 5 MHz. The ovaries pair (right and left) was evaluated and the total number of antral 
follicles (≥ 3 mm of diameter) was counted and recorded for each animal. Pregnancy diagnosis was 
performed 30 days after the insemination. For data analysis, the animals were divided into AFC groups of 
high (≥ 30 follicles), intermediary (15 to 25 follicles) and low (≤ 10 follicles), as well as ranked in two 
classes of BCS: 2.0 to 2.5 and 3.0 to 3.5. The conception rate was analyzed by the Chi-Square test 
adopting a value of P ≤ 0.05. In the AFC high category, 2.0 to 2.5 BCS presented higher conception rate 
(60.9%, 28/46, Pvs. 48.3%, 85/176) and low AFC (51.7%, 87/159 vs. 59.6%, 81/136) presented a similar 
conception rate (P>0.05) between BCS classes 2.0 to 2.5 vs. 3.0 to 3.5, respectively. Considering only 
BSC 3.0 to 3.5, both the low and intermediary groups resulted in conception rate higher (P<0.05) in 
relation to the AFC high group. However, this same effect was not observed among cows with 2.0 to 2.5 
BCS. In conclusion, the conception rate of Nelore cows with low, intermediate and high AFC 
demonstrated to be influenced by the different classes of body condition score when submitted to TAI. 
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The increasing concern with animal welfare has stimulated the evaluation of alternatives to minimize the 
negative effects caused by management techniques applied to the animals. The laparoscopic procedure 
normally indicated for ewe AI with cryopreserved semen, is potentially determinant of discomfortand 
tissue injury, however, there is insufficient information on its impact on specific stress and inflammatory 
markers. Therefore, this study aimed to determine the alteration caused in cortisol (COR), total plasma 
protein (TPP), serum albumin (SA) and paraoxonase1 (PON1) levels in ewes submitted or not to 
laparoscopy (LAP). All procedures were approved by UFPel’s Ethics in Animal Experimentation 
Committee (CEEA 7340-2016). Procedure started (day -12 = D-12) when animals (n = 42) received an 
intravaginalprogestogen-impregnatedsponge (PRID, 60 mg medroxyprogesterone acetate). At D0 PRID 
was removed and the animals received 400 UI of eCG i.m. and were allocated in to three groups: control 
with blood collection without LAP (CON; n = 4); treatment with blood collection and with LAP (TRE; n 
= 5); and control without blood collection and with AI via LAP (PR; n = 33, only for pregnancy rate 
evaluation). Between 54-60 hours after PRID removal, animals from TRE and PR groups were submitted 
to LAP (Killeen&Caffey, Aust. Vet. J. 59, 1982), and received ketoprofen (3 mg/kg i.m.).Blood samples, 
were achieved by jugular puncture from TRE group, at the onset of 24 h solid diet fasting (moment zero = 
M0), and at 5 min (M1), 30 min (M2), 60 min (M3), 24 h (M4) and 48 h (M5) after LAP.In the CON 
group the blood samples were collected at the same intervals than TRE group. Pregnancy rates in the PR 
group were determined by ultrasonography 25 days after AI. The results were evaluated through repeated 
data analysis using the MIXED procedure (SAS). The effects of the group, moment and their interactions 
were considered using significance level of 5%. TRE group had higher COR level at M1 and M5. From 
M2 to M4. CON and TRE groups had similar COR levels. TPP levels were similar in both groups, but 
with influence of the moment (P <0.05). SA levels were lower in the TRE group from M1 to M3 
moments. PON1 values were similar between the groups at all moments. Pregnancy rate for PR group 
was 37%, which can be a consequence of a negative effect of the anti-inflammatory on ovulation. Based 
on the increase of COR levels and temporary alteration of negative acute phase proteins, it can be inferred 
that the LAP management for AI causes stress and significant inflammatory reaction until the first 24 
hours after the procedure. Therefore, it is necessary to investigate approaches that minimize the 
discomfort and the inflammatory reaction, without negatively affecting the reproductive performance of 
the laparoscopic inseminated animals. 
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The objective of this study was evaluate the effects of the temperament in Nelore females submitted to 
FTAI protocol (Exp.1) and the effect of mineral and vitamin supplementation (Adaptador®, Biogénesis 
Bagó, Brazil) (Exp.2) on the diameter of dominant follicle on FTAI day (DF), pregnancy rate on day 30 
(PR30) and 60 (PR60). There was used data breeding seasons realized during 2012 to 2016 (Exp.1) and 
during 2014 and 2015 (Exp.2), carried out at the USP Campus in Pirassununga/SP, to perform 
retrospective analysis. The Nelore females (heifers, primiparous and pluriparous) with 50 ± 3 days post-
partum (D-10) were submitted at the same FTAI protocol. They received on D-10 an intravaginal 
progesterone device (Cronipress Monoset®, Biogenesis Bagó) associated with intramuscular (IM) 
administration of 2mg of estradiol benzoate (Bioestrogen®, Biogenesis Bagó). On D-2, the devices were 
removed and were injected IM 530µg of Cloprostenol Sodium (Croniben®, Biogenesis Bagó), 300 IU of 
eCG (Ecegon®, Biogenesis Bagó) and 1mg of Estradiol Cypionate (Cronicip®, Biogenesis Bagó). After 
48h the FTAI was performed (D0). On D-10 of Exp.1 was realized the analysis of Composite Reactivity 
Score (CRS) adapted from Piovezan (1998), based on the movement and breathing while the animal was 
in the cattle chute associated with the exit velocity, the animals were classified as calm (CRS ≤ 4; n=830) 
and reactive (CRS>4; n=1872). On Exp.2, on day 35 ± 3 post-partum (D-45) and D-10, the animals were 
randomly classified in two groups to receive a subcutaneous injection of 1mL/100kg of live weight of the 
Adaptador® (Adaptador Group; n=942) or a placebo solution (Control Group; n=920). Was performed a 
frequency analysis by PROC FREQ and logistic regression analysis by PROC LOGISTIC, using the 
Statistical Analyzes System program (SAS, 9.3), adopting 5% of significance level. In both experiments 
there were no effect (P>0.05) of semen and breeding season. In Exp.1, the calm compared to reactive 
animals present higher DF (14.35mm vs. 13.43mm; P=0,01) and PR60 (53.3% vs. 47,75%; P=0.02), 
however there was no difference in PR30 (57.35% vs. 56.10%; P = 0.13), in the BCS (1 to 9) on D-10 
(5.65 vs. 5.45; P=0.06) and in the percentage of cycling females on D-10 (59.45% vs. 56.33%; P=0.8). In 
Exp.2, the Adaptador group present a higher PR30 (58.37% vs. 50.27%; P=0.01), PR60 (53.1% vs. 
46.1%; P = 0.01) and higher percentage of cycling females on D-10 (56.83% vs. 46.63%; P = 0.03) when 
compared with control group. There was no difference in diameter of DF (13.93mm vs. 12.50mm; 
P=0.73) and in BCS on D-10 (5.50 vs. 5.27; P = 0.88). In conclusion, reactive females have lower fertility 
then calms, and the supplementation of the Adaptador® on days D-35, D-10 and D60 increases the 
pregnancy and cycling rates. 
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The objective of the present study was to compare the efficacy of different techniques for detection of 
estrus in Nellore cows submitted to FTAI protocols and their relationships with fertility. We used the 
techniques: T1-BOLUS: use of intraruminal bolus with temperature sensor (Trr), marker chalk in the 
sacro-caudal region: marker rod in the sacro-caudal region (SILVA et al., 2016), where: ESCT 1: no 
expression of estrus; ESCT2: low expression of estrus; ESCT3: high expression of estrus; T3- DRONE: 
visual observation of estrus using drone (DJI-PhAnton 3). The experiment was carried out at the 
EMBRAPA Gado de Corte, in Campo Grande - MS, with 44 cows multiparous, with an average weight 
of 372 ± 40.97 and BCS of 3.04 ± 0.60 (1-5), evaluated by the three techniques . Esophageal introduction 
of the intraruminal bolus with temperature sensor was performed and data collection was performed 
during days 8.9 and 10 of the FTAI protocol. The Trr works with a radio frequency telemetry system, 
whose basic principle is the use of a sensor that generates an electric impulse proportional to the 
physiological variation captured by antennas, which have a range of 30 meters. After bolus placement, the 
FTAI protocol used was: D0: placement of intravaginal device of P4 and application of EB (2mg) I.M .; 
D8: removal of the device and application of PGF2α (500μg) IM, ECP (1mg) IM and 300 IU of eCG, IM, 
and marking the animals with the chalk in the sacro-caudal region and in the dorsal region, to facilitate 
identification in observation visual analysis with the drone, which occurred twice a day (morning and 
afternoon) for 60 minutes on days 9 and 10. FTAT was performed at D10, where estrus expression (ESCT 
1-3) was evaluated. Pregnancy diagnosis was performed 30 days after the FTAI, with transrectal 
ultrasonography. The expression of estrus according to the method was evaluated by the Chi-square test 
(p <0.05). In order to analyze the effect of the method of detection of estrus in the probability of 
FTAI pregnancy, the PROC LOGISTIC package from SAS was used. The number of cows identified in 
estrus was: 61.36% (27/44) with BOLUS; 56.81% (25/44) with DRONE, and 75% (33/44) with BATT 
(considering ESCT 2 and 3), without differing the estrus% among detection methods (P = 0.17). The 
IATF pregnancy rate was 56% and the detection of barium enema had an effect (P = 0.006) on the 
probability of pregnancy of TAI, as well as on the DRONE group (P=0.01). In BOLUS, there was no 
effect on the probability of pregnancy (P=0.35). Comparison of the methods for the detection of estrus 
showed that the ability to observe the techniques was similar, however, when correlated with the 
pregnancy rate of the FTAI, the use of the marker stick and visual observation through drone images were 
more efficient. 
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The aim of this study was to evaluate the effect of different concentrations of sexed semen 
(SexedULTRATM, Sexing Technologies, Navasota, Texas) on conception rate of Nelore cows with estrus 
expression during timed artificial insemination (TAI). Nelore cows (Bos indicus, n = 281), multiparous 
(35-60 days postpartum) and mean body condition score (BCS) of 2.8±0.4 (1 to 5 scale) were submitted 
to TAI. Synchronization protocol consisted on intravaginal progesterone device insertion (Fertilcare 
600®, MSD, São Paulo, Brazil) and an intramuscular (i.m.) injection of estradiol benzoate (2mg, 
Fertilcare Sincronização®, MSD) on a random day of estrous cycle (Day 0, 8:00 AM). During device 
removal (Day 8; 6:00 AM), cows received i.m. cloprostenol sodium (0.530mg, Ciosin®, MSD), equine 
chorionic gonadotrophin (300IU, Folligon®, MSD) and estradiol cypionate (1mg, Fertilcare Ovulação®, 
MSD). In addition, a painting with chalk was performed in tail head to evaluate estrus expression. TAI 
was performed 60 hours after device removal (Day 10, 6:00 PM). Semen from a single Nelore bull and 
with known fertility was used. So, cows showing estrus (paint removed) were randomly inseminated with 
sex-sorted (female) semen of 4.0, 6.0 or 8.0x106 sperm. Cows that maintained tail paint (without estrus 
manifestation) were inseminated with conventional semen (non-sorted, 20x106 sperm). Pregnancy 
diagnosis was performed by transrectal ultrasonography 30 days after TAI and at the end of breeding 
season to determine gestational loss. Data were analyzed by logistic regression model adopting P≤0.05. 
Estrus expression rate was 82.9% (233/281). The conception rate was similar (P = 0.590) among groups 
that received 4.0 (59.5%, 47/79), 6.0 (58.4%, 45/77) and 8.0x106 sperm (51.9%, 40/77). There was no 
effect of BCS (P=0.58) or any interaction between factors (P>0.05). Cows that did not show estrus and 
were inseminated with conventional semen, 33.3% (16/48) became pregnant. Gestational loss in 
conventional semen group was 6.3% (1/16) and in sexed semen group was 6.8% (9/132) and did not 
differ (P=0.61) among the different concentrations. We concluded that similar conception rates were 
obtained in suckling Nelore cows submitted to TAI with 4.0, 6.0 or 8.0x106 sex-sorted sperm. 
Acknowledgments: Sexing Technologies Brazil and Agropecuária Loman. 
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The aim of this study was to evaluate the influence of the number of antral follicles (AFC) on the estrus 
behavior of Nelore cows during the synchronization of ovulation. Multiparous Nelore cows (Bos indicus; 
n = 271), with 45 ± 15 days postpartum and ECC 3 ± 0.5 were evaluated by ultrasonography (6 MHz 
linear transducer, A5V, Sonoscape, Shinzhen, China) for the counting of antral follicles ≥ 3 mm in 
diameter at D0 (beginning of the TAI protocol) and separation of groups, based on the medium number of 
follicles ± 1 SD: high AFC (G-High AFC, ≥ 50 follicles, n = 70), intermediate AFC (G-Intermediate 
AFC, 30-35 follicles, n = 114) or low AFC (G-Low AFC, ≤ 25 follicles, n = 87). On random days of the 
estrus cycle (D0), cows received 1 g P4 intravaginal device (Fertilcare 1200®, Vallé, Montes Claros, 
Brazil) and 2mg EB (Fertilcare sincronização®, Vallée), IM. After the device withdraw (D8), they 
received 500 μg of sodium cloprostenol (Ciosin®, MSD, São Paulo, Brazil), 300 IU eCG (Folligon®, 
MSD) and 1 mg EC (Fertilcare ovulation®, MSD), IM, and were stained with a stick marker paint 
(Raidex®, Walmur, Germany) at the base of the tail for further estrus detection on the day of 
insemination. Cows were inseminated (TAI) 48-52 h after removal of the P4 device (D10). The 
manifestation of estrus was considered for females whose paint was removed from the base of the tail. 
The diagnosis of gestation by ultrasonography was performed 30 days after TAI. The comparison 
between conception and estrus presentation rates was performed using the chi-square test. For all 
analyzes, P ≤ 0.05 was considered statistically significant. There was no difference in estrus presentation 
rate among the low (69%; 60/87), intermediate (76%; 87/114) and high AFC groups (76%; 53/70, 
P>0.05). The conception rates to TAI did not differ between groups (P>0.05; 44% - 38/87 G-Low AFC; 
51% - 58/114 G-Intermediate AFC; 57% - 40/70 G-High AFC). It was concluded that Nelore females 
with high, intermediate or low AFC, submitted to a TAI protocol, showed no difference in estrus behavior 
and conception rates. 
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The aim of this study was to evaluate the effect of using different eCG on ovarian follicular dynamics and 
pregnancy per AI (P/AI) of primiparous cows treated for TAI, thus verifying the efficacy of two 
commonly used products. A total of 150 primiparous Nelore cows ranging 35-50 d postpartum and with 
average BCS of 2.78±0.05 (1-5 point scale) from Condomínio Silmar Farm (MT State, Brazil) were used. 
Cows were treated with the same protocol of synchronization of follicular wave emergence and ovulation 
for TAI, except for the use or not of different eCG. Briefly, at random days of the estrous cycle (D0) cows 
were treated with an intravaginal device with 1g P4 (Cronipres® Mono Dose, Biogénesis Bagó) and 2mg 
estradiol benzoate (Bioestrogen®, Biogénesis Bagó). On D8, device was removed and cows received 
150µg D-Cloprostenol (PGF2α, Croniben®, Biogénesis Bagó) and 1mg estradiol cypionate (Croni-Cip®, 
Biogénesis Bagó). At this time, cows were evaluated by ultrasonography (Mindray® DP-2200Vet) in 
order to measure the diameter of the dominant follicle (DF) and to verify the presence of a CL. Then, they 
were homogenously allocated (BCS and diameter of the DF) to receive or not eCG, as follows: Control 
(without eCG), Ecegon (300 IU Ecegon®, Biogénesis Bagó) and Novormon (300 IU Novormon®, 
Zoetis). Cows were painted with chalk on their tailheads, and removal of chalk was used as an indication 
of estrus. TAI was done 48h after device removal, concomitant with estrus evaluation and measurement 
of the DF. On D16 the occurrence of ovulation was registered and the diameter of the new-formed CL 
was measured. P/IA was verified 33d after TAI. Data was analyzed by logistic regression (PROC 
GLIMMIX from SAS). Control, Ecegon and Novormon cows had similar average BCS (2.76±0.04, 
2.74±0.05 and 2.84±0.04; P=0.27), diameter of the DF on D8 (9.8±0.3, 9.9±0.3 and 9.8±0.3mm; P=0.89) 
and presence of CL [4.2% (2/48), 5.9% (3/51) and 5.9% (3/51); P=0.96], respectively, evidencing the 
homogeneity between groups. Comparatively with Control cows, on D10, cows treated with Ecegon and 
Novormon had greater diameter of the DF (10.8±0.4b vs 12.2±03a and 11.9±0.3amm; P=0.008), greater 
daily follicular growth (0.5±0.08b vs 1.2±0.11a and 1.0±0.09amm; P<0.0001) and greater estrus expression 
[68.8%b (33/48) vs 86.3%a (44/51) and 80.4%a (41/51); P=0.04], respectively. On D16, ovulation rate 
[56.3%b (27/48) vs 88.2%a (45/51) and 80.4%a (41/51); P=0.002) was observed for Ecegon and Novormon 
treated cows, respectively. Yet, similar diameter of the CL was detected for groups (13.7±0.5 vs 14.8±0.4 
and 14.8±0.5mm; P=0.20). Greater P/AI (P=0.06) was observed for cows treated with Ecegon [56.9%a 
(29/51)] and Novormon [52.9%a (27/51)] compared to Control [35.4%b (17/48)]. In conclusion, treatment 
with the two brands of eCG improves follicular growth, diameter of the DF, estrus expression, ovulation 
rate and P/AI. Thus, its use is essential in TAI protocols for primiparous cows. Credits: Condomínio 
Fazenda Silmar. 
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The strategic supplementation of vitamins and minerals has been associated with the improvement of the 
reproductive performance in beef cows, mainly because the Selenium, Zinc and Copper deficiency occurs 
in much of Brazil. These microminerals are essential for metabolic, reproductive and antioxidative 
activities, especially in periods of increased demand and / or stress. Two studies were carried out to 
compare different strategies for mineral and vitamin supplementation (Kit Adaptador® Min and Vit, 
Biogénesis Bagó), in order to increase fertility in the breeding season. The first study was carried out in 
commercial farms in MG and SP, using a completely randomized design with factorial arrangement of 
treatments (2X2), with the experimental groups: G1) 2 doses of the supplement, with a 20 day interval (N 
= 175); G2) 1 dose of supplement at baseline (n = 175); G3) 1 dose of the supplement 20 days before the 
protocol (n = 175) and, G4) control (n = 175). The hormonal protocol used was: D0 = insertion of the 
Cronipres® Mono Dose implant and application of 2 mg of BE (Bioestrogen®); D8.5 = implant 
withdrawal and application of 300 IU of eCG (Ecegon®) and 75 μg of D-Cloprostenol (PGF2α, 
Croniben®) and 1mg BE (Biogenesis Bagó). In the D10 the IATF was performed. Cyclicity rate and 
conception rate (TC) was assessed by ultrasonography (Mindray DP 2200 Vet, with linear probe of 5.0 
MHz). The second study was carried out in 21 farms (n = 9744), in partnership with two breeding 
companies and two veterinarians, in several regions of Brazil, using or not a dose of the supplement at the 
beginning of the IATF protocol (C = 4982 and Treated= 4762). Frequency analysis and logistic regression 
analysis were performed by PROC LOGISTIC, using the SAS program, 9.3, adopting a significance level 
of 5%. In the first study, a positive effect of the injectable supplement on the diameter of the dominant 
follicle at the time of TAF (G1 = 15.3, G2 = 13.1, G3 = 14.8 and G4 = 13.2 P=0.04). The treatment 
improved the conception rate (%), in the first (G1 = 61.1%, G2 = 57.7%, G3 = 52.5% and G4 = 51.4% 
P=0.03), and second protocol (G1 = 59%, G2 = 62.5%, G3 = 60% and G4 = 50% P=0.03) and the 
cumulative pregnancy rate (G1 = 82%, G2 = 81.1%, G3 = 79.4%). G4 = 72% P=0.02). The ciclicity rate 
of non pregnant cows in the first (G1 = 75%, G2 = 63.5%, G3 = 63.8% and G4 = 54.5% P=0.04) and the 
second IATF protocol (G1 = 65%, G2 = 59.3%, G3 = 63% and G4 = 47.8% P=0.01), as well as the mean 
corpus luteum size (G1 = 16.2, G2 = 13.6, G3 = 16.1 and G4 = 12.9 P=0.02) was higher in treated 
animals. In the second study, the treatment also improved the pregnancy rate, multiparous (C = 48.1% vs. 
Treated = 58.5% P<0.001), primiparous (C = 50.3% vs Treated = 56.1% P=0.02) and heifers (C = 52.2% 
vs. Trat = 57.3% P=0.04). Therefore, strategic supplementation with Kit Adaptador® MIN and VIT 
(Biogénesis Bagó) increases the conception rate and the cyclicity in beef cows in many categories. 
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The lack of micronutrients such as Selenium, Manganese Zinc and Copper and vitamins such as Retinol 
(A) and Tocopherol (E) have been associated with the strategic supplementation of vitamins and minerals 
during the pre-IATF period, occurs in much places of Brazil. These microminerals and vitamins are 
essential for antioxidative activities, which may contribute to improved fertility in beef cows. The aim of 
this study was to verify the efficiency of injectable mineral and vitamin supplementation (KIT 
Adaptador® MIN and VIT, Biogénesis Bagó) on D0 of FTAI protocols during the breeding season to 
improve the fertility of Nelore cows (n = 1232). The experiment was conducted on commercial farms and 
beef cattle sector of the administrative campus of the USP of Pirassununga. The animals were divided 
into two groups, one control group (C=610) that did not receive supplementation and one group of 
animals treated (trat=622) with Kit Adaptador Min and VIT ® at d0 of FTAI protocol. The hormonal 
protocol used was: D0 = implant insertion Cronipres® Mono Dose with 1 g of P4 + application of 2 mg 
of BE (Bioestrogen®); D8.5 = withdrawal of the intravaginal implant of P4 + application of 300 IU of 
eCG (Ecegon®), + 75 μg of D-Cloprostenol (PGF2α) + 1mg BE (Bioestrogen®). In the D10, IATF was 
performed in the morning. The evaluation of ovarian parameters was performed at the beginning of the 
protocol, at the implant withdrawal, on the day of the TAI and on the day of the diagnosis of pregnancy 
by ultrasonography (Mindray DP2200 Vet, with a linear probe of 5.0 MHz). The evaluation of Prenhez 
was performed 30 and 60 days after the IATF. The data were submitted to frequency analysis and logistic 
regression analysis by PROC LOGISTIC, using the program Statistical Analyzes System (SAS, 9.3), 
adopting level of significance of 5%. The treatment had a positive influence (p <0.05) on the size of the 
dominant follicle at the time of withdrawal (C = 12.5 mm vs Trat 13.2 mm) and also on the day of FTAI 
(C = 13.1 mm vs Trat 14.4 mm). The treatment also improved the pregnancy rate (P <0.05), both in the 
first (C = 46.5% vs Trat 58.7%) and in the second IATF protocol (C = 49.1% vs Trat 55), and cumulative 
pregnancy rates (C = 72% vs Trat 80.9%) and the pregnancy rate at the end of the season (C = 81.1% vs 
Trat 88.2%). The rate of cyclicity of the empty cows in the first (C = 54.1% vs Trat 66.5% P <0.05) and 
in the second IATF protocol (C = 47.8% vs Trat 61.8% P <0.05), as well as the average size of the corpus 
luteum (C = 12.6 mm vs Trat 14.4 mm P <0.05) were higher for the treated animals. Therefore, strategic 
supplementation with Kit Adaptador® MIN and VIT (Biogénesis Bagó) in improving FTAI and 
resynchronization results in beef cattle, mainly increase the ovulatory follicle size of the animals. 
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The aim of this study was to evaluate fertility of Nelore heifers after hormonal induction of puberty with 
progesterone (P4), with or without PGF2α. Two lots of pasture-raised heifers (supplemented with protein-
salt; 3g/kg body weight) were evaluated (n=389 animals). Heifers of lot1 presented 14.5m of age and 
mean weight of 310kg (n=193) and of lot2 presented 14.0m and 296kg (n=196). The protocol for 
induction of puberty consisted in insertion of P4 intravaginal device (4th use; CIDR, Zoetis) during 12d. 
On the day of device withdrawal, half of the animals received 1mg i.m. of Estradiol Cypionate (ECP, 
Zoetis) (CONT) and the other half received 1mg i.m. of ECP plus 12.5mg i.m. of Dinoprost (Lutalyse, 
Zoetis) (gPGF). Twelve days after device removal, Timed-AI protocol was initiated in all animals: on D0, 
CIDR (Zoetis) of 4th use and 2mg i.m. of BE (Gonadiol®, Zoetis) were apllied. On D9, 12.5mg i.m. of 
Dinoprost (Lutalyse, Zoetis) and 1mg i.m. of ECP (Zoetis) were apllied and CIDR was removed. Timed-
AI was performed 48h later (D11), using semen from only one bull in all heifers from both lots. All 
heifers received 2.3g of melengestrol acetate/animal/day (MGA, Zoetis) in the protein-salt between D13 
and D18 post AI. Twenty days after AI, 15 bulls were included in each lot, remaining for 40d. Pregnancy 
diagnosis was performed 33d after timed-AI to assess conception rate at first service (CR1). Females 
diagnosed as non-pregnant in this first examination were re-evaluated 30d after the bulls were removed 
(CR2). Data from CR1 and CR2 were transformed and compared between groups (CONT and gPGF) by 
Fisher's test on GraphPad INSTAT, considering P<0.05. For CR1, statistical difference (P=0.0009) was 
observed between lot1 (63.7%, n=123/193) and lot2 (46.9%; n=92/196), so both lots were evaluated 
separately. In lot1, no effect of BCS (P=0.2321) and no effect of AI Technician (AT; AT1=64.2% and 
AT2=63.3%; P=0.8929)) were observed for CR1. Additionaly, no effect of treatment was observed for 
CR1 (CONT=61.8%, n=60/97; gPGF=65.6%, n= 63/96; P=0.5881), nor for CR2 (CONT=64.9%, 
n=24/37; gPGF=66.7%, n=22/33; P=0.8806). At the end of this reproductive program, total CR of lot1 
was 87.6% (169/193), being 86.6% (84/97) for CONT and 88.5% (85/96) for gPGF (P=0.6849). For lot2, 
no effect of BCS was observed (P=0.1214), although an effect of AI Technician on CR1 was detected. 
AT1 presented better (P=0.0050) CR1 for CONT (56.2%; n=27/48) and gPGF (59.1%; n=26/44) 
compared to AT2 (CONT=38.9%, n=21/54; gPGF=36.0%, n=18/50). No effect of treatment was 
observed on CR1 (CONT=47.0%, n=48/102; gPGF=46.8%, n=44/104; P=0.9733) nor on CR2 
(CONT=35.2%, n=19/54; gPGF=50.0%, n=25/50; P=0.092). At the end, total CR of lot2 was 69.4% 
(136/196), being 65.7% (67/102) for CONT and 73.4% (69/94) for gPGF (P=0.121). It was concluded 
that the addition of PGF2α at the end of hormonal protocol for puberty induction did not improve fertility 
of heifers submitted to timed-AI 
Acknowledgments: EAO and Zoetis. 
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The objective was to evaluate the importance of the occurrence of estrus and administration of GnRH at 
the time of TAI in Nellore cows. A total of 1,036 lactating Nellore (Bos indicus) primiparous and 
lactating cows were used, mean BCS of 2,80 ± 0,02 (scale 1-5) in three commercial farms, located in the 
states of Maranhão, Paraíba and Sergipe, Brazil, which were kept under farm management under grazing 
in Brachiaria decumbens, with free access water and mineral supplementation. The hormonal protocol 
used was: intravaginal device with 1.9 g of P4, new and reused and 2 mg of estradiol benzoate im. On day 
7 they received 12.5 mg of dinoprost im, on day 9 the intravaginal devices were removed and 300 IU of 
eCG and 1 mg of im estradiol cypionate were administered and inseminated at fixed time after 48-52 
hours. At the time of IATF, they were distributed homogeneously according to the occurrence of estrus 
and administered 10.5 mcg of Buserelin Acetate, GnRH: without GnRH estrus, without GnRH estrus, 
with GnRH estrus and with estrus GnRH. The pregnancy rate was evaluated by ultrasonography (Mindray 
M5 Vet, with linear probe of 5.0 MHz). The data were submitted to frequency analysis by PROC FREQ 
and logistic regression analysis by PROC LOGISTIC, using the program Statistical Analyzes System 
(SAS, 9.3), adopting a significance level of 5%. The rate of estrus occurrence and pregnancy rate was 
60% (621/1036) and 50.2% (520/1036), respectively. Cows that presented estrus had a higher pregnancy 
rate in comparison to those that did not present (P <0.05). Cows treated with GnRH and without estrus 
(46.1%) presented higher pregnancy rate (P <0.05) than control cows (37.4%). The occurrence of estrus 
was an important factor associated with improvements in pregnancy rate in lactating Nelore cows, as well 
as the administration of GnRH in cows that did not show estrus. 
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Cervical relaxation with association of estradiol benzoate, cloprostenol and oxytocin allows a cervical 
transposition and embryo collection in sheep by the non-surgical method (Fonseca et al., Theriogenology, 
86: 144-151, 2016). However, in recipients, the use of this protocol becomes impracticable due to the use 
of cloprostenol, which is a luteolytic agent. Sheep are known to form accessory luteal bodies after hCG 
administration seven days after the onset of estrus (Castro et al., Anim. Reprod., 12: 148, 2015). 
Therefore, the objective of this study was to develop a cervical relaxation protocol in embryo recipient 
ewes without compromising future gestation. For this, cyclic crossbred sheep (n = 24), with body weight 
and mean body condition score (ECC) of 50.8 ± 9.0 kg and 3.5 ± 0.35 respectively, were submitted to 
estrus synchronization by administration of two doses 30 μg of d-cloprostenol (Prolise®, Tecnopec 
LTDA, São Paulo, Brazil), with an intramuscular (i.m.) interval of 11.5 days. Two rams (Santa Inês and 
Lacaune), previously submitted to breeding soundness evaluation, were used in the detection of estrus 
every 12 hours from the second application of cloprostenol for 96 h. The females were mated at the 
beginning of estrus (D0) and every 12 hours if still in estrus. According to weight, ECC and estrus onset, 
the mated females were allocated in the following groups: Group 1 = that were not submitted to cervical 
relaxation protocol (control, n = 4); Group 2 = submitted to cervical relaxation protocol (n = 5) by 
administering 1 mg of BE (Benzoate HC®, Hertape Calier, Minas Gerais- Brazil) i.m, on day D6 (16: 
00h) and 50 IU of OX (Oxytocin Forte UCB®, UCB animal health, São Paulo - Brazil), i.m. no D7 (08: 
00h); Group 3 = submitted to relaxation protocol + 300 IU hCG (Vetecor®, Hertape Calier, Minas 
Gerais- Brazil) i.m., at D7 at 4:00 p.m.(n = 4). Pregnancy diagnosis was performed on D30 by transrectal 
mode B ultrasonography using a 7.5 MHz linear transducer (Mindray® M5vet, Shenzen, China). The data 
were presented in a descriptive way. Thirteen ewes were observed in estrus out of 24 females submitted 
to the synchronization protocol. The pregnancy rate were 75.0% (3/4) in G1, 0.0% in G2 (0/5) and 50.0% 
in G3 (2/4). Preliminary results suggest that the association of estradiol benzoate and oxytocin may 
compromise the onset of pregnancy and that the use of hCG at the end of the protocol in D7 can 
circumvent partially these negative effects, allowing the establishment of pregnancy. 
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Considering the controversial data between Bos taurus and Bos indicus females in relation to antral 
follicle count (AFC) and reproductive variables, the objective of this study was to determine the plasma 
concentrations of anti-Müllerian hormone (AMH) and progesterone (P4) in indicus-taurus heifers with 
different AFC subjected to a protocol of synchronization of ovulation, and to determine the correlations 
of these hormones with the number of antral follicles. Bradford heifers (⅝ Nelorex ⅜ Hereford, N=137), 
with 24 months of age and body condition score of 3.0±0.5 were previously examined by ultrasound 
(Scanner 200 Vet, Pie Medical, Maastricht, The Netherlands) equipped with an intravaginal micro convex 
transducer (7,5 MHz) to determine the AFC (follicles ≥ 3 mm). According to the AFC the experimental 
groups were determined in high (≥ 40 follicles, N=22), intermediate (≥ 20 e ≤ 25 follicles, N=22) and low 
count (≤ 10 follicles, N=23). On a random day of the estrous cycle (D0), all heifers received aprotocol of 
synchronization of ovulation with auricular progestogen implant (Crestar®, MSD, Brazil) and 2 mg 
estradiol benzoate intramuscular (i.m.; Estrogin®, Farmavet, Brazil). On the day of P4 implant removal 
(D8), the heifers received i.m. 500µg of cloprostenol (Ciosin®, MSD), 300 IU of equine chorionic 
gonadotrophin (Novormon®, Zoetis, Brazil) and 1mg of estradiol cypionate (ECP®, Zoetis). 
Ultrasonography exam was performed on D4 to determine the AFC, on D8 since the implant removal to 
control ovulation, and 7 days after ovulation (D18) to measure the diameter of the corpus luteum (CL). 
Blood samples were collected at the D4 and 18 to determine AMH and P4 concentrations respectively. In 
duplicate, the AMH concentration was determined by Elisa Kit (DSL 10 14400-Beckman - Coulter®, 
Immunotech, Czech Republic) and P4 concentration was determined by radioimmunoassay (RIA kit 
IM1188, Beckman Coulter®) in 100 μL samples. Data were analyzed using a generalized linear model 
and the Spearman correlation coefficients. For significant effect P ≤ 0.05 was considered. At D4, the AFC 
was 47.3 ± 7.5a for high group, 23.4 ± 2.2b for intermediate and 8.5 ± 2.8c for the group with low count 
(Pa, 0.22 ± 0.03b and 0.08 ± 0.01cng/mL for high, intermediate and low AFC groups, respectively (P0.05). 
It was concluded that indicus-taurus heifers with different AFC show different concentrations of AMH. 
In addition, a high correlation was observed between AFC and AMH concentration, following a similar 
pattern to that already described for taurus and indicus females. 
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The resynchronization of estrus in females that did not get pregnant at the first service, associated with 
early pregnancy diagnosis, may improve the cumulative pregnancy rate and decrease the interval between 
parturition. Nevertheless, there are few studies on resynchronization in sheep. Thus, the establishment of 
an efficient protocol is needed, with the use of an appropriate dose of eCG. Therefore, this study aimed to 
evaluate the use of distinct doses of eCG for a resynchronization protocol aiming FTAI in ovine. A total 
of 30 Santa Inês ewes was submitted to a short-term protocol for estrus synchronization (Balaro et al., 
Domestic Animal Endocrinology, 54:10-14, 2016). On the 12th day after the protocol, all animals received 
a sponge impregnated with 60 mg of medroxyprogesterone acetate (MAP; Progespon, Schering Plow, São 
Paulo, Brazil). On the 17th day, considered the day of the early pregnancy diagnosis in sheep (Arashiro et 
al., Theriogenology, 106:247-252, 2018) and the resynchronization protocol onset, the sheep were 
randomized in three experimental groups (n=10/group) according to the amount of eCG (Novormon, 
Schering Plough, São Paulo, Brasil) administered. The G1, G2 and G3 received 300 IU, 200 IU of eCG 
and saline, respectively, at time of sponge removal. Thirty-six hours, after the sponge removal, all 
animals received 0.025 mg of gonadorelin acetate (Gestran Plus, Tecnopec, São Paulo, Brazil). After the 
sponge removal, every 12 h, the estrus behavior was observed, as well as transrectal ultrasonography 
(Sonoscape S6, SonoScape, Shenzhen, China) was performed to established the ovulation time confirmed 
by the dominant follicle absence. Data were analyzed for normality and homoscedasticity by the 
Liliefors's and Levene's test, respectively. The Analysis of Variance and Tukey's test was performed to 
compare means. Non normal or distinct variances data were analyzed by Kruskal-Wallis test and 
compared by Dunn's test. A 5% of significance was adopted for all tests. No differences among groups 
(G1, G2 and G3) for estrus duration (39.5 ± 12.3 vs. 31.9 ± 12.1 vs. 39.7 ± 14.0; P> 0.05), interval of the 
sponge removal to the estrus onset (31.1 ± 7.1 vs. 30.3 ± 9.8 vs. 30.2 ± 8.6, P> 0.05), interval of the 
sponge removal to the ovulation time (46.8 ± 11.5 vs. 56.2 ± 3.8 vs. 54.1 ± 14.9, P> 0.05), estrus onset to 
the ovulation time (19.2 ± 14.7 vs. 24 , 3 ± 10.0 vs. 20.9 ± 14.1, P> 0.05) and number of ovulations (1.2 ± 
0.4 vs. 1.1 ± 0.3 vs. 1.1 ± 0 , 4; P> 0.05) were found. Although, the interval of the sponge removal to the 
ovulation time in G2 showed homoscedasticity when compared to the variances of G1 and G3. Therefore, 
a greater concentration of the ovulation time in G2 was obtained. In conclusion, it is indicated the 
resynchronization protocol for FTAI in sheep adopting the eCG dose of 200 IU. 
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The objective of this study was to evaluate the expression of estrus, ovulatory follicle diameter (DFOL) 
and fertility of Nelore lactating females treated with follicle stimulating hormone (FSH) or equine 
chorionic gonadotrophin (eCG) as follicular growth stimulants in a protocol for Fixed Insemination Time 
Artificial (FTAI). For this, 105 Nelore lactating females were used, with 50 to 60 days postpartum, 
belonging to the multiparous category, body condition score (BCS) of 2.58±0.11 (1 to 5 scale). On a 
random day of estrus cycle denominated day zero (D0) the synchronization protocol was initiated by 
insertion of an intravaginal device containing 1.0g progesterone (P4) (DIB®, Zoetis, São Paulo, Brazil) 
and application of 2.0mg of estradiol benzoate (Gonadiol®, Zoetis, São Paulo, Brazil) intramuscularly 
(im). On day eight (D8) the P4 devices were removed and there were administered 12.5mg of dinoprost 
tromethamine (Lutalyse®, Zoetis, São Paulo, Brazil) and 1mg estradiol cypionate (ECP®, Zoetis, São 
Paulo, Brazil) im. At this time, the females were divided equally according to BCS in two groups: Group 
eCG - application of 300UI Equine Chorionic Gonodotrophin (eCG) (Novormon®, Zoetis, São Paulo, 
Brazil) im and Group FSH - application of 10mg Follicle Stimulating Hormone (Folltropin®, Vetoquinol, 
São Paulo, Brazil) im. The animals were tagged with a marker stick between the sacral tuberosity and the 
tail insertion to determine estrus expression. On day 10 (D10), previously the FTAIs, the animals were 
evaluated according to the estrus expression verified by the removal of the ink from the marker stick. In 
addition, the cows were examined by transrectal ultrasonography to measure DFOL. Inseminations were 
performed using cryopreserved semen from a single Nellore bull. The diagnosis of gestation was 
performed by transrectal ultrasonography 30 days after the FTAIs. The data were processed by the SPSS 
considering P≤0.05. To evaluate the differences between the groups in the DFOL was used the analysis of 
variance and the Tukey test, the estrus expression and the conception rate were compared using the chi-
square test. The general estrus expression rate was 65.7% (69/105). There wasn't difference (P=0.66) 
between the estrus expression rates obtained in the eCG and FSH groups, being 67.1% (47/70) and 62.9% 
(22/35), respectively. The eCG treatment had a DFOL of 12.09±2.33mm, similar to that sketched by the 
FSH group of 12.23±2.93mm (P=0.89). Regarding fertility rates, the eCG and FSH groups showed 
equivalent conception rates, being 48.5% (33/68) and 41.2% (14/34), respectively (P=0.48). Estrus 
expression, follicular diameter and fertility were not affected by treatment with eCG or FSH, suggesting 
that both follicle growth stimulants are effective in providing satisfactory results in FTAI programs. 
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The aim of this study was to evaluate the effect of different concentration of progesterone (P4) in 
intravaginal devices of single use on rates of estrus expression and pregnancy per AI (P/AI) of beef 
Nelore postpartum cows treated for TAI. A total of 272 Nelore cows ranging 35 to 50 days postpartum 
and with average body condition score (BCS) 2.30 ± 0.34 (1-5 point scale) from Rio Madeira Farm (Porto 
Velho, RO State, Brazil) were used. All cows were treated with the same protocol of synchronization of 
follicular wave emergence and ovulation for TAI, except for the concentration of P4 of the intravaginal 
device (0.5 g or 1 g). Briefly, at random days of the estrous cycle (D0) all cows were treated with 2 mg 
estradiol benzoate (Bioestrogen®, Biogénesis Bagó, Curitiba, Brazil) and 150 µg D-Cloprostenol 
(PGF2α, Croniben®, Biogénesis Bagó) IM and were homogenously allocated, accordingly with their 
BCS, to receive an intravaginal device with 0.5 g P4 (MD0.5g; Cronipres® Mono Dose 0.5 g P4, 
Biogénesis Bagó) or 1 g P4 (MD1g; Cronipres® Mono Dose with 1 g P4, Biogénesis Bagó). On D8, 
devices were removed and all cows were treated with 150 µg D-Cloprostenol, 300 IU eCG (Ecegon®, 
Biogénesis Bagó) and 1 mg estradiol cypionate (Croni-Cip®, Biogénesis Bagó) IM. Also on D8 cows 
were painted with chalk on their tailheads, and removal of chalk was used as an indication of estrus. TAI 
was done by a single veterinary 48h after devices removal, concomitant with the administration of 10.5 
µg buserelin acetate (GnRH; Gonaxal®; Biogénesis Bagó) and estrus evaluation. Semen of two Nelore 
bulls was equally distributed between groups. Diagnosis of P/IA was done 52 days after TAI (Sonoscape 
A5). Data was analyzed by logistic regression (PROC GLIMMIX from SAS). No effect of BCS (P = 0.78 
and 0.26), bull (P = 0.96 and 0.20) and estrus (P = 0.11 and 0.43) was observed when devices with 0.5 g 
or 1 g P4 were used, respectively. The average BCS was similar (P = 0.78) for cows treated with both 
devices (MD0.5g = 2.28 ± 0.03 and MD1g = 2.32 ± 0.03), evidencing the adequate distribution between 
groups before treatment. Similar rate of estrus expression [MD0.5g = 77.4% (103/133) and MD1g = 
78.4% (109/139); P = 0.95] and P/IA [MD0.5g = 61.7% (82/133) and MD1g = 53.2% (74/139); P = 0.11] 
were observed for both devices. Thus, both intravaginal devices of single use (Cronipres® Mono Dose), 
with 0.5 g or 1g P4, can be used for TAI protocols (with GnRH on D10) of Nelore postpartum cows with 
similar efficiency of estrus expression and P/IA. Credits: Rio Madeira Farm. 
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The Gir breed is native from India. This breed is characterized by low weight (and thus low nutritional 
requirements), tolerance to heat and parasites, as well as a potential for milk production under tropical 
conditions. Live animals were imported to Brazil mainly between 1870 and 1962, but less than 700 cattle 
were actually brought. Due to the small number of imported animals that were used as founders of 
Brazilian Gir cattle herd, it is important to study the population structure and to control the inbreeding 
levels. One of the main consequences of high inbreeding levels in cattle herds is the reduction of the 
genetic variability, decreasing heterozygosis and causing inbreeding depression. Inbreeding can 
negatively affect animal breeding programs and cause low genetic gains. The aim of this study was to 
estimate the coefficient of inbreeding means by the analysis of pedigree of a Gir population, and its 
possible effects on oocyte yield in Gir donors. The pedigrees of 6,108 Gir animals from a commercial 
farm of Minas Gerais State, Brazil, were used. The database editing and structuring, as well as the 
calculation of inbreeding coefficients, were performed using the SAS and CFC software, respectively. 
The estimated coefficient of inbreeding was 4.49%, with a maximum F of 32.03% based on genealogical 
information from 1,384 females. From the population studied, 22.65% was considered as endogamic, 
while 69.21% of the individuals showed F <5%. The association between inbreeding coefficient and in 
vitro embryo production (IVEP) outcomes is currently under evaluation in this population. Preliminary 
analyzes have shown that F> 0.06 is associated with a reduction in the average number of total and viable 
oocytes retrieved per donor. In summary, high coefficient of inbreeding can be found within Gir herds, 
and the resulting inbreeding depression may also affect oocyte yield in donors, potentially reducing IVEP 
outcomes. 
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The beginning of the commercial work of OPU-PIVE in Brazil occurred with the implantation of the first 
laboratory, in the year of 2000. The Nelore breed adapted to this technique extraordinarily and its use 
quickly spread among the ranchers. Brazil currently accounts for about 70% of the total number of 
embryos produced in vitro in the world. Despite the evolution and potential of PIVE, there is great 
variability in the rates of blastocyst (10 to 40%) and pregnancy (30 to 50%), factors that directly influence 
the commercial success of the technique. The objective of this study was to evaluate the influence of the 
seasons of the year (spring/summer and autumn/winter) and the genetic group of the donor Bos indicus 
(Nelore), Bos indicus x Bos taurus (Brangus and Girolando) and Bos taurus (Dutch and Senepol) in the 
production of viable oocytes, cleavage and production of blastocysts. Data from a commercial laboratory, 
from 2014 to 2016, were analyzed for 776 ultrasound-guided follicular aspiration (OPU) sessions in 225 
cows of Nelore (n=83), Girolando (n=73), Brangus (n=49), Dutch (n=10) and Senepol (n=10), which 
were grouped according to the genetic group (Bos indicus, n=83; Bos indicus x Bos taurus, n=122; Bos 
taurus n=20). The influence of the donor's seasonality and genetic group on the production of viable 
oocytes, cleavage and blastocyst production were analyzed. Statistical analysis was performed using the 
Chi-square test using the SAS statistical program. Regarding the season, we observed a higher percentage 
of viable oocytes in spring/summer when compared to autumn/winter (70.8 vs 67.2% respectively, 
P=0.0001). There was no difference in the cleavage rate (75.3 and 74.7% respectively, P=0.506) and 
blastocyst production (27.1 and 27.8% respectively, P= 0.0403). As for the genetic group, there was a 
higher oocyte production in Bos indicus females, followed by Bos indicus x Bos taurus, and Bos taurus 
(74.1%, 69.2% and 63.9% respectively, P<0.0001). The cleavage rate in Bos indicus was not different 
than Bos indicus x Bos Taurus, 76.8% in both groups. However, the Bos indicus and Bos indicus x Bos 
taurus groups had a higher cleavage rate than Bos taurus (76.8%, 53.4%, P<0.0001). The blastocyst rate 
differed between the groups, it was higher in the Bos indicus group followed by Bos indicus x Bos Taurus 
and Bos Taurus (31.1%, 26.8% and 12.4% respectively, P<0.0001). According to the data presented, it is 
concluded that, regardless of the genetic group, the seasons of the year influence the production of viable 
oocytes, but do not exert effects on the production of embryos and; in relation to the genetic group, this in 
turn influences the production of embryos, where the females of the Bos indicus species present better 
performance among all studied variables (production of viable oocytes, cleavage rate and formation of the 
blastocyst), when compared to females Bos indicus x Bos taurus and Bos taurus. 
Aknowledgement: FAPESP, UNOESTE.  
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The Superovulation Technique (SOV) is one of the fundamental stages in embryo transfer programs in 
bovines, therefore, to stimulate the development of a larger number of follicles capable of ovulating, 
several protocols are studied, among them the association of superovulation followed by FSH coasting. 
Coasting is a period of absence of FSH, which simulates the natural physiological changes that occur 
before ovulation. Although many studies have shown that this association (SOV + FSH coasting) results 
in improved oocyte competence, more research should be done to prove the effect of this protocol. 
Objective: The objective of this work was to evaluate the efficiency of follicular superovulation 
associated with FSH coasting in bovine donor females. Methodology: Sixteen adult Nelore bovine 
females, from a homogeneous genetic group, aged 3 to 7 years, with an average weight of 400 kg, were 
distributed in two treatments. In group 1, control (CON) (n = 8) the animals were submitted to OPU 
without follicular wave synchronization; group 2, treatment (TRAT) (n = 8) at day zero (D0) the animals 
underwent a follicular wave synchronization process, where the intravaginal slow release progesterone 
implant (Sincrogest, OF) + 2.0 mg of estradiol benzoate (BE) IM (Synchrodiol, OF) + 0.15 mg D-
cloprostenol IM (Croniben, BB). From D3 to D6 the animals received 200UI of FSH and 200 IU of LH 
IM (Pluset, Ceva) and in D8 the implant was removed and performed at OPU.The recovered cumulus 
oocyte (CCOS) complexes were washed, transferred to petri dish, counted and graded. The parameters 
considered were total number of viable CCOS and CCOS, blastocyst rate and hatch rate. Statistical 
analysis was performed using a T-test with 5% significance. Results: The number of total and viable 
CCOS in the CON group (n = 15 and 11.9) didn't differ from the TRAT group (n = 16.1 and 14.4), 
respectively. Blastocyst and hatching rates also didn't differ (P> 0.05) between the CON (38.5 and 64.8%) 
and TRAT (44.5 and 59.6%) groups, respectively. Conclusions: Ovarian stimulation associated with FSH 
coasting didn't increase the number and quality of total and viable CCOS, blastocyst and hatching rates.
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The in vitro embryo production (IVEP) showed significant growth in dairy sector in last decades. 
However, breed aspects can cause variations in reproductive rates of a IVEP commercial program. The 
aim of this work was to evaluate the blastocyst and pregnancy rates from crosses of Gir and Holstein sires 
with Gir, Holstein and ½ Holstein-Gir donnors. A total of 363 Gir, 109 Holstein and 145 ½ Holstein-Gir 
donors were used to OPU. The oocytes were classified according to IETS manual, and viable oocytes 
(Grades 1, 2 and 3) were matured, fertilized (D0) with Gir (n=18) or Holstein (n=51) sexed sêmen, and 
cultured in vitro for 7 days (D7). For in vitro fertilization, bulls with previously known fertility were used. 
All embryos produced were transferred in D7 to synchronized recipients. The pregnancy diagnosis was 
performed by transrectal ultrasonography 60 days of pregnancy. Mann-Whitney U test (P≤0.05) was used 
to compare groups. No difference was found among all crosses. For Gir donors, crossed with Gir and 
Holstein sires, blastocyst and pregnancy rates were 24.2% vs 27.4% and 42.1% vs 37.4%, respectively. 
Holstein donors showed blastocyst and pregnancy rates of 22.5% vs 14.8% and 35.0% vs 35.8% crossed 
with Gir and Holstein sires, respectively. In addition, crosses of ½ Holstein-Gir donors with Gir and 
Holstein sires results on blastocyst and pregnancy rates of 35.9% vs 23.0% and 31.2% vs 36.4%, 
respectively. In conclusion, the Gir and Holstein bulls crosses with Gir, Holstein and ½ Gir / Holstein 
donors do not affect the blastocyst and pregnancy rates in a commercial IVEP program.  
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Despite the great evolution and potential of follicular aspiration followed by in vitro embryo production 
(OPU-IVP) in recent years, such biotechnology presents variability in the success of blastocyst 
production and pregnancy rate, factors that compromise the success of the technique. In commercial 
scale, the use of recipients of different breeds and origins, with different management, as well as different 
protocols and technical, evidences the need of researches that reported the reality of the commercial 
production of embryos and that can contribute to the improvement of such limiting indices. The aim of 
this study was to verify the effect of seasonality and the stage of embryonic development on the embryo 
production rate of embryos produced in vitro (IVP) in a commercial scale in the Western region of São 
Paulo. We used retrospective data on 20,297 IVP embryos transferred in the seasons: autumn/winter 
(n=6804 embryo transfers) and spring/summer (n=13493 embryo transfers) from 2009 to 2016 from 
1,400 oocyte donors of breeds for the production of meat and milk created, in the West Paulista, Mato 
Grosso do Sul and North of Paraná. The IVP followed the protocols established by the laboratory, which 
is site in the city of Regente Feijó-SP, being the work done by a team composed of a laboratory and two 
field technicians. In order to evaluate the influence of the embryo stage, embryos in D7 with quality 1 and 
2, classified in morula (n=41, stage 4), initial blastocyst (n=109, stage 5), blastocyst (n=203, stage 6), 
expanded blastocyst (n=257, stage 7) and hatched blastocyst (n=13, stage 8) were used. In the statistical 
analysis, the chi-square test was used at the 5% level of significance (p <0.05). Pregnancy rate in 
spring/summer (42.7%) was higher when compared to autumn/winter (37.7%, p <0.0001), regardless of 
breed. Regarding the stage of development, the pregnancy rate did not differ in stages 6, 7 and 8 (44.3%, 
48.2% and 46.1%, respectively, P> 0.05), however, such embryos resulted in higher pregnancy 
(P=0.0046) when compared to the embryo transfers in the early stages of embryo development, that is, 4 
(24.4%) and 5 (31.2%). It is concluded that the IVP embryo pregnancy rate obtained by the analyzed 
laboratory, regardless of breed, is higher in spring/summer; embryos innovated in more advanced stages 
of development (blastocyst, expanded blastocyst and hatch) result in better pregnancy rates. 
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In order to evaluate the influence of thermal stress on physiological parameters (level of the proteins HSP 
70 and HSP 90) and the oogenesis of Bos taurus x Bos indicus 3/4 (Girolando; n = 12) and Bos taurus 
(Pantaneira; n = 12) cows, twelve sessions of ultrasound guided follicular aspiration were performed, 
among January and November 2014. The recovered oocyte-cumulus complexes (COCs) were selected 
and classified immediately after OPU. Part of the viable COCs was submitted to immunofluorescence 
analysis under confocal microscopy for identification of HSP 70 and HSP 90 proteins. Before each OPU, 
the thermal stress was estimated by the black globe humidity index (BGHI), which was calculated 
according to the formula described by BUFFINGTON et al. (Black Globe-Humidity Index (BGHI) as 
Comfort Equation for Dairy Cows. Transactions of the ASAE. 1981; 24:711) and classified according to 
the National Weather Service. The BGHI was calculated on the day of the OPUs and 90 days before each 
of them. Data were submitted to analysis of variance by program R (version 3.3.1). When differences 
were found, the means were compared by the Tukey test, with a 5% probability. In twelve OPU routines, 
272 oocytes from the Girolando cows and 306 oocytes from the Pantaneira cows were collected. And 
signal intensity of HSP70 and 90 were affected by BGHI (P<0.05). The BGHI 90 days before OPU 
influenced the viability of oocytes of both breeds. HSP in the oocytes was influenced by the BGHIs for 
both breeds, but with opposite behaviors. Pantaneira breed had lower oocyte quality when BGHIs <78 
demonstrating and BGHIs >78 have a deleterious effect on the quality of oocytes Girolando. 
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There is great interest in the use of calves as oocyte donors for IVEP to increase genetic improvement by 
reducing the interval between generations. However, the results obtained so far in this animal category are 
unsatisfactory due to lower oocyte competence, low fecundation rate and low in vitro embryo 
development. This study aimed to compare the rate of production of embryos with sex-sorted or 
conventional semen in Holstein females up to 12 months of age. Holstein donors (Bos taurus taurus, 
N=101) were used, allocated into groups by age category: 6 to 9 months (n = 39 fertilized with 
conventional semen, n = 18 fertilized with sex-sorted semen) and 10 to 12 months (n = 15 for 
conventional semen, n = 29 for sex-sorted semen). No protocol for follicle growth synchronization was 
used, and oocytes were collected by ultrasound-guided transvaginal follicular aspiration. The ultrasound 
used was the ExaPad MiniTM coupled to an OPU guide with a radius of curvature measuring 10mm. 
Oocytes were in vitro matured for 24 hours, fertilized with conventional semen (1x106 sperm / mL) or 
sexed (1x105 sperm / mL) and cultured in vitro. The blastocyst rates between the groups were compared 
by the chi-square test adopting P ≤ 0.05. The mean number of oocytes recovered per group was 19 and 16 
for heifers from 6 to 9 months with the use of conventional and sexed semen, respectively. For females 
from 10 to 12 months, the mean number of oocytes recovered was 10 for the group fertilized with 
conventional semen and 12 for the group fertilized with sexed sêmen. The percentages of embryos 
produced with conventional and sexed semen were, respectively, 22.8% and 7.4% for calves of 6 - 9 
months; and 37.1% and 18.8% for females of 10-12 months. Blastocyst rates differed between age 
groups, both for conventional and for sex-sorted semen (P<0.0001). It was observed a lower rate of 
embryo production for calves of 6 - 9 months, however, we highlight the time gain between generations 
with the possibility of OPU in very young animals. The use of sexed semen resulted in lower rates of 
embryos produced, but the best genetic targeting of the herd should be considered when obtaining desired 
sex animals. 
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The objective was to evaluate the effect of factors associated with the gestation outcome of in vitro 
produced bovine embryos transferred non-surgically. The factors analyzed were: parity (nulliparous, 
primiparous and multiparous), semen type (sex-sorted or conventional), sire (n = 44), embryo stage at 
transfer (morula (Mo), initial blastocyst (Bi), blastocyst (BL), expanded blastocyst (BX) and hatching 
blastocyst (BN)), the use or not of GnRH at the time of transfer and technician (n = 4). Gestation was 
diagnosed by ultrasound at 30 days post ovulation. A total of 3991 embryo transfers were analyzed from a 
four years period. Not all transfer could be traced to the independent variables, thus the number of 
response events for each parameter is variable. For the analysis of the bull effect, only bulls with more 
than 30 diagnoses were considered. All data were submitted to chi-square under a generalized linear 
model procedure, after tests of normality under the Univariate procedure of SAS®, considering the 
binomial distribution and the parameter estimation adjustments of the Overdispertion by Pearson Chisq / 
DF, Bias and link logit function of the JMP-12 Pro® package (SAS, Cary, NC, USA). The differences 
between the independent variables of the model were compared by orthogonal contrasts. The effects of 
sire (P = 0.005), semen type (P = 0.05), parity (P< 0.0001), GnRH (P = 0.02), embryo stage (P = 0.009) 
and technician (P = 0.004) was significant. Pregnancy rate was higher in nulliparous (53.4±2.2%) 
compared to multiparous (37.3±2.1%) recipients. The highest pregnancy rate sire achieved 53.9±0.8%, 
while the lowest 25.0±0.07%. The pregnancy rate was higher for the expanded blastocyst (45.0±1.1%) 
compared to the blastocyst (35.8±1.4%) stage. The pregnancy rate was higher (p = 0.05) for sex-sorted 
semen (41.51±3.39%; n= 212) compared to conventional (38.99±0.08%; n = 3775) semen. The pregnancy 
rate was higher (P= 0.02) for GnRH-injected-recipients (42.90±1.21; n = 2313) compared to the non-
injected controls (36.92±1.00; n = 1656). It is surprising that sex-sorted semen achieved better pregnancy 
rates in this study, as it goes against the literature, however, since the effect of sire was significant, but 
was not considered in the semen type analysis it may be speculated that the positive result for sex-sorted 
semen is confounded by for this latter effect. All the other effects were influenced the gestation outcome 
and should therefore be carefully accounted for embryo centers in the pursuit of result improvements. 
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The availability of X-sorted sperm was a turning point for the use of in vitro embryo production (IVEP) 
in dairy breeds in Brazil. Due to a repressed demand for crossbred dairy heifers, IVEP using female sex-
sorted semen has boosted up in the past 10 years. On the other hand, less attention was given to the use of 
Y-sorted semen for IVEP, despite the great potential for large-scale production of F1 male beef calves. 
Optimization of IVEP in beef, however, must take into consideration some particularities of extensive 
beef cattle operations, including the usual long distances between the site of oocyte collection and the 
IVEP laboratory. In this regard, in vitro maturation (IVM) during oocyte transportation may represent a 
critical step for the entire process. The aim of the present study was to evaluate the effects of IVM in 
tubes versus Petri dishes followed by in vitro culture (IVC) under two distinct O2 tensions, i.e., a 
randomized complete design with a 4x4 arrangement of treatments: IVM in tube-IVC in high O2 
(n=1043); IVM in tube-IVC in low O2 (n=1131); IVM in Petri dish-IVC in high O2 (n=866), and IVM in 
Petri dish-IVC in low O2 (n=846). Cumulus-oocyte complexes (COCs) were collected from ovaries of 
Nelore cows at a slaughterhouse and randomly assigned for IVM in either 5mL tubes (25 COCs per tube 
in 400mL of medium TCM199) or microdrops on a Petri dish (25 COCs per 90mL drops of TCM199), at 
38.5º C, for 22-24h in 5% CO2. Matured COCs were in vitro fertilized (IVF) with commercial Y-sorted 
semen from a single Angus sire. Sperm preparation included centrifugation in a mini-Percoll gradient 
followed by co-incubation of gametes for 18-22h. After IVF, putative zygotes were cultured in SOF 
medium at 38.8°C with two distinct gas tensions: 5.5% CO2 and 20% O2 (high O2) or 5.5% CO2 and 5% 
O2 (low O2). The endpoints cleavage rate, blastocyst rates at days 7 and 8 (late embryo development), and 
proportion of grade I embryos were analyzed using the SAS GLM procedure and differences among 
means compared by the Tukey´s post hoc test. We did not observe an interaction between type of IVM 
and gas tension during IVC. Nonetheless, IVM in tubes increased cleavage and day 7 blastocyst rates 
compared to IVM in petri dish (54.2±1.9% vs 41.0±2.4% and 19.5±1.5% vs 12.7±1.1%, respectively, 
P<0.05), but had no effect (P>0.05) on the proportion of grade I embryos nor day 8 blastocysts. O2 tension 
did not affect (P>0.05) blastocyst rate and proportion of grade I embryos, but low O2 reduced day 8 
blastocyst rate compared to high O2 (10.5±2.6% vs 20.5±3.0%, respectively, P<0.05). These results 
demonstrate that IVM in tubes is a feasible alternative for COC maturation during transport to the 
laboratory. In addition, IVC performed at high O2 delayed embryo development, with consequences for 
the logistics of embryo transfers into recipients. Thus, we conclude that both IVM and IVC still need 
optimization for large-scale IVEP programs using Y-sorted beef cattle semen. 
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This study assessed two superovulatory treatments and the feasibility of transcervical embryo recovery in 
Lacaune ewes. Ewes (n=23) received medroxyprogesterone acetate sponges (60mg, Progespon®, Syntex, 
Buenos Aires, Argentina) for nine (G9, n=23) or six (G6, n=23) days, 37.5 µg d-cloprostenol i.m. 
(Prolise®, Tecnopec, São Paulo, Brazil) 24 h before sponge removal and were superovulated with 133 mg 
of porcine FSH i.m. (Folltropin®-V; Bioniche Animal Health, Belleville, Canada) in six decreasing doses 
(twice daily) at 60 h before sponge removal, under a crossover design. Ewes were checked for estrus 
twice daily and were naturally mated by fertile rams (4:1 ratio) while in estrus. Transretal ovarian 
ultrasonography (Mindray M5VET®, Shenzen, China - 8.0 MHz) was performed at first FSH injection to 
count and measure the follicles, and at the 5th day after estrus to count the number of CL with Doppler 
mode activated. All ewes received 37.5 µg d-cloprostenol and 1 mg estradiol benzoate (Sincrodiol®, 
OuroFino, Cravinhos, Brazil) i.m. 16 h and 50 IU oxytocin (Ocitocina forte UCB®, São Paulo, Brasil) i.v. 
20 min before uterine flushing. Embryo recovery was performed at the 6th day after estrus by transcervical 
method. Qualitative data were analyzed by generalized linear models (GLM), with binomial distribution 
and logit link function. Quantitative data were analysed by GLM with normal or Poisson distribution (log 
transformation) when variables not assumed presumptions of ANOVA. Association of variables was 
evaluated by Pearson correlation, using software SPSS Statistics (IBM®Inc., Chicago, USA). The 
percentage of donors in estrus was 78% in both treatments, and the percentage of responding donors 
(>2CL) was 67.8±17.6% (G9) and 73.0±17.8% (G6, P>0.05). The numbers of follicles at first FSH with 
<3mm or >5mm were 11.7±3.9 and 0.8±0.2 for G9 and 12.5±4.3 and 1.2±02 for G6, respectively 
(P>0.05). The numbers of CL were 6.5±0.5 (G9) and 6.7±0.5 (G6), and did not differ (P>0.05). The 
number of follicles >5mm (r=0.38) were positively correlated (P<0.05) with ovulatory response. Overall, 
cervical transposition and uterine flushing were possible in 91% (31/34) of mated ewes, and did not differ 
between treatments (87 vs 94%). The time of cervical surpass and the total time of procedure were 
4.7±0.6 and 24.1±1.7 minutes in G9 and 5.7±0.6 and 24.0±1.5 min in G6 (P>0.05). The number of 
recovered structures (5.6±0.6 vs 4.0±0.5) and viable embryos (2.8±0.5 vs 1.4±0.3) per ewe collected, did 
not differ (P>0.05) between G9 and G6. In conclusion, both treatments showed high variability in 
ovulatory response which might reduce the embryo yield average from donors. The protocol for cervical 
relaxation allowed the transcervical embryo recovery in high percentage of Lacaune ewes. 
Financial support: EMBRAPA (Project 02.08.02.005.00.04) and Fapemig (Project CVZ-PPM 00201-17).



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.403, Jul./Sept. 2018 403 

A090 OPU-IVP and ET  
 

Follicular population and oocyte quality from Holstein x Gyr cows under heat stress in 
climatic chamber and supplemented with organic chromium 

 
L.R. Carvalheira1,3, B.C. Carvalho3, L.S. Ribeiro2,3, T.J.F. Goes2, S.F. Vieira4, W.F. Fontes4,  

R.A. Torres Filho2, C.S. Oliveira3, L.G.B. Siqueira3, L.S.A. Camargo3, F.Z. Brandão2 

 
1UFMG - Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brasil; 2UFF - Universidade Federal 

Fluminense, Niterói, RJ, Brasil; 3Embrapa CNPGL - Embrapa Gado de Leite, Juiz de Fora, MG, Brasil; 4Univértix - 
Faculdade Univértix , Matipó, MG, Brasil. 

 
 
Changes in energy metabolism were related as an important cause of losses change in productive and 
reproductive performance. It is observed that cows under heat stress have higher peripheral glucose 
metabolism, reducing the blood flow to the reproductive tract, impacting ovarian physiology. Chromium 
enhances the function of insulin, increasing its efficiency and optimizing the absorption of glucose by 
cells. This study evaluated the follicular population and the quality of oocytes from Holstein x Gyr dairy 
cows submitted to heat stress and supplemented with organic chromium in the diet. Were used thirty-six 
¾ Holstein x Gyr cows, average 113 days in milk, in a 2 x 3 factorial design, two diets (control and diet 
with 0.08 mg Cr/kg metabolic weight) and three environmental conditions: heat stress in climatic 
chamber - temperature and humidity index (THI) 85 for eight hours daily, thermoneutral environment in 
free stall - THI 68 feeding ad libitum and pair-fed group in same thermoneutral environment, totaling 6 
contemporaneous groups with 6 animals each. The cows were submitted to ultrasound evaluation and 
OPU while all the animals were in thermoneutral environment (first moment) and after being distributed 
under the three environmental conditions, in two days of collection, after three and six days (second 
moment). Fisher's exact test was used to evaluate the categorical variables and the significance level was 
P<0.05. No significant difference was observed in the follicular population in any of the effects studied 
(diet, environmental conditions and moment of collection), presenting a mean of 14.6 follicles in the 
assessments (P>0.05). The cows that underwent heat stress in the climatic chamber showed a significant 
difference in oocyte quality between the two moments of collection, with a higher proportion of grade 1 
oocytes (60.68% vs 39.32%), lower proportion of grade 2 oocytes (49.38% vs. 50.62%) and degenerated 
oocytes (37.25% vs. 62.75%) in the first and second moment of collection, respective (P<0.05). The cows 
that received the control diet and suffered heat stress in the climatic chamber showed a significant 
difference in the oocyte quality between collections, higher proportion of grade 1 oocytes (72.73% vs. 
27.27%) and a lower proportion of degenerated oocytes (35.71% vs. 64.29%) in the first and second 
moment of collection, respective (P<0.05). However, the animals treated with the diet with organic 
chromium that suffered heat stress, did not present differences in oocyte quality between these 
collections. The oocyte quality is closely related to the environment in which it is found. Increases in 
body temperature have direct and adverse effect on cellular function compromising their quality (Hansen, 
J Anim Sci, 80: 33-44, 2002). In this study, animals treated with chromium did not present reduced 
oocyte quality when submitted to heat stress. Thus, chromium was effective on maintaining a healthy 
follicular environment under heat stress. 
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In ovine species, embryo collection is commonly done by laparotomy (LP). However, this technique 
promotes adhesions in the reproductive organs leading to fertility impairment and affecting animal 
welfare. The non-surgical method, done by transcervical route (TC), although less invasive and 
expensive, can also affect animal welfare due to the cervix mechanical manipulation. In this perspective, 
biochemical markers of inflammation, as acute phase proteins, are considered reliable parameters of the 
systemic response to inflammatory processes. In addition, the measurement serum glucose can indicate 
high stress levels. Thus, this study aimed to determine the levels of acute phase proteins (total protein and 
albumin) and of stress (glycemia) in ewes submitted to either LP or TC embryo collection. Santa Inês 
ewes (n=27) were superovulated using the Day Zero protocol (Menchaca et al., Theriogenology, 68: 
1111-17, 2007), followed by natural mating. Cervical dilation was induced in all ewes with estradiol 
benzoate i.v. (20 μg/mL; RIC-BE; Agener União, São Paulo, Brazil) and cloprostenol i.m. (0.12 mg; 
Estron; Agener União) 12 h prior to collection and oxytocin (100 IU, Ocitocina Forte UCB, Centrovet, 
Goiânia, Brazil), 15 min prior to embryo collection. A cervical transposition test was performed to define 
which method should be conducted. LP collection (n=11) was performed under general anesthesia (Lima 
et al., Animal Production Science, 56:1463-8, 2015). TC collection (n=16) was performed as proposed by 
Fonseca et al., Small Ruminant Research, 111: 96-9, 2013, with a circuit closed system. Blood samples 
were collected before fasting (M1) and of the sedation (M2), during collection (M3) and at various 
moments after collection: immediately (M4), and 1 h (M5), 3 h (M6), 6 h (M7), 12 h (M8), 24 h (M9), 48 
h (M10). Data were evaluated by Kruskal-Wallis test at 5% of significance. LP and TC collection differed 
in serum glucose concentrations in M4 (LP: 72.7 ± 17.4 vs. TC: 102.2 ± 22.9 mg/dL), in M9 (LP: 64.0 ± 
12.3 vs. TC: 55.1 ± 4.3 mg/dL) and in M10 (LP: 61.3 ± 11.8 vs. TC: 52.6 ± 4.1 mg/dL) (P<0.05). In M10, 
there were differences in albumin concentrations (LP: 1.9 ± 0.4 vs. TC: 2.1 ± 0.3 g/dL) and serum 
proteins (LP: 5.3 ± 0.5 vs. TC: 5.7 ± 0.4 g/dL) (P<0.05). In both methods, there was no effect (P>0.05) of 
the evaluation moment on serum proteins and albumin concentrations. In TC method, an increase in 
glucose in M3, M4, M5 and M6 (P<0.05) was observed compared to other moments. A similar pattern 
was observed in the LP method where the increase was concentrated in M3, M5 and M6 (P<0.05). In 
conclusion, the LP method induced a greater inflammatory response due to serum albumin drop 48 h after 
collection, and higher level of stress due to elevated serum glucose. 
Acknowledgements: Embrapa (Project 02.13.06.026.00.02) and CNPq (400785/2016-1). 
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The aim of this study was to evaluate the peripheral insulin resistance (PIR) in repeat breeder (RB) 
Holstein cows (Bos taurus) submitted to drying on IVEP and pregnancy rate after FTET. Twenty-six 
cows were distributed into three groups: Initial lactation [IL; DIM<90 days; n=9; 27.9 ± 2.01 
kg/day/milk; BCS = 2.86 ± 0.11]; End of lactation and repeat breeders [EL- RB; DIM> 300 days; n = 8; 
19.4 ± 1.66 kg / day / milk; BCS = 3.22 ± 0.06] and dry repeat breeder cows [DC -RB; Dry period ≥60 
days; n = 9; BCS = 3.24 ± 0.07]. For the glucose tolerance test (GTT), blood samples were collected after 
4 hours of fasting at -20, -10 and 0 min, and an infusion of 0.3 g / kg of sterile glucose solution [50% of 
glucose (iv)] was performed at the 0 minutes mark during 5 min. At 5, 10, 20, 30, 40, 60, 80, 100 and 120 
subsequent minutes, blood samples were collected to calculate the metabolism rate (k), and half-life (T½ ) 
of the plasmatic glucose. The insulin response (INS) after GTT was evaluated by the circulating insulin 
concentration and by the insulin increase ([INS] peak - [INS] basal; Δmax). To evaluate the quality of the 
oocyte, an OPU were performed in all follicles ≥ 3 mm in diameter at random phase of the estrus cycle. 
Statistical analyzes were performed by orthogonal contrasts [Contrast 1 (C1) = Lactation Phase (IL vs 
EL-RB + EL-P) and Contrast 2 (C2) = Reproductive Status (EL-RB vs EL-DC)] using logistics regression 
by SAS GLIMMIX PROC. No difference was found between the groups and the variables INS , k and 
T½ (min ; P> 0.05) . When the physiological status was compared the INS peak and Δ max (μUI / ml) 
were higher for dry cows than lactating cows [IL=70.3±10.9b + EL-RB =72.7±17.7b vs DC-
RB=241±58.1a; P=0.0004] and [IL = 51 ± 9.3b + RB = 55.1 ± 16.6b vs. DC-RB = 219.6 ± 56.5a; P = 
0.0003], respectively. Considering the physiological status, differences were observed between the groups 
for the variables insulin concentration in the interval between 5-120 minutes [IL = 4719.8 ± 595.1b + EL-
RB = 4277.2 ± 631.8b vs. DC-RB = 8871.0 ± 1594.7a; P = 0.002]. The antral follicle count (AFC), 
recovered oocytes, viable oocytes and cleavage rate did not differ between groups (P>0.05). However, 
blastocysts rate and embryonic development were higher for dry when compared to lactating cows [C1; 
IL = 35.2%b + EL-RB = 34.4%b vs. DC-RB = 53.1%a; P = 0.003) and [IL = 42 %b + EL-RB = 45.6%b 
vs. DC-RB = 60.3%a; P = 0.02), respectively. No differences were observed in the pregnancy rate [IL = 
37.5% (3/8); EL-RB = 21.4% (3/14); DC-RB = 33.3% (12/42); C1, P = 0.76 and C2, P = 0.44 ]. It was 
concluded that repeat breeder dry cows presented greater amount of insulin released in response to TTG, 
which contributed to the establishment of the PIR, although it has not been proven if there is differences 
in oocyte quality between dry and lactating cows. 
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This present study aims to evaluate the in vitro production of 12 (prepubertal) and 24 (pubertal) month 
old Nellore heifers and response to treatment with FSH with the objective of reducing the age of 
reproduction and the interval between generations to accelerate genetic gains of the herds. For this, 7 
heifers aging 12 months and 10 heifers aging 24 months were submitted to two OPU (with an interval of 
40 days; cross-over) in a 2 x 2 factor design [heifers aging 12 months without FSH (G12C); heifers aging 
12 months with FSH (G12FSH); heifers aging 24 months without FSH (G24C); heifers aging 24 months 
with FSH (G24FSH)]. All heifers were synchronized receiving 2mg of estradiol benzoate (RIC-BE®, 
Agener União – Saúde Animal, São Paulo, SP), 0.530mg of cloprostenol sodium (Estron®, Agener União 
– Saúde Animal, São Paulo, SP) and one intravaginal progesterone device with 360mg progesterone on 
day 0 (Primer PR®, Agener União – Saúde Animal, São Paulo, SP). The heifers of the FSH-treated group 
received two doses of 30mg of FSH (Folltropin®, Agener União – Saúde Animal, São Paulo, SP) on day 
4 (morning and afternoon) and two doses of 20mg FSH on day 5 (morning and afternoon). On day 7 
(after a coasting period of 44 hours) the device was removed and each heifer was submitted to OPU 
(guide EC9-5 Novilha, WTA, Cravinhos, SP; ultrassom S8®, SonoScape, China). The oocytes were 
selected and send to IVF. For the fertilization of the oocytes, semen of the same bull and the same batch 
was used. Statistical analyzes were performed using the SAS® GLIMMIX procedure. No category and 
treatment interaction was observed for the studied variables (P>0.05), except for oocyte recovery rate. 
The 24 month old heifers presented higher follicular population (G24C: 33.5±4.0a vs. G12C: 20.9±4.2b; 
P=0.013) and more recovered oocytes (G24C: 26.1±3.5a vs. G12C: 18.4±4.0b; P=0.018) than 12-month-
old heifers. The treatment decreased the oocyte recovery rate in both categories (G12C: 87%b, G12FSH: 
52%a; G24C: 79%b, G24FSH: 55%a; P=0.04). The rate of viable oocytes was higher for 24-month-old 
animals (G12C: 64%b, G24C: 74%a; P=0.039). The 24-month-old heifers produced more embryos per 
OPU (G12C: 2.9b, G24C: 8.5a; P=0.002) than 12-month-old heifers. The treatment with FSH increased 
the rate of blastocyst production on total oocytes of prepubertal heifers (G12C: 18%b, GT: 28%a; 
P=0.035). At first, treatment with FSH improves the rate of blastocyst production in prepubertal Nellore 
heifers of 12 months, but it is necessary to increase the number of animal in this study to confirm this 
results. 
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The aim of this study was to compare the effect of different concentrations of natriuretic peptide C 
(NPPC) supplementation in the medium in vitro maturation (IVM) or in vitro culture (IVC), comparing 
the rate of development of the bovine embryos produced in vitro. Ovaries (n = 524) from Nelore cows 
(Bos indicus; n = 262) were obtained from the slaughterhouse in 7 replicates and transported in saline 
solution at 35 ° C to the laboratory to obtain oocytes. After follicular aspiration, the cumulus-oocyte 
complexes (COCs) were selected (level I and II; n=3,125) and randomly divided into 7 experimental 
groups according to NPPC supplementation: a) Control (without supplementation; n = 438); b) 50 IVM 
(50 nM supplementation in IVM; n = 484); c) 100 IVM (100 nM supplementation in IVM; n= 508); d) 
150 IVM (150 nM supplementation in IVM; n= 498); e) 50 IVC (50 nM supplementation in IVC; n= 
351); f) 100 nM IVC (100 nM supplementation in IVC; n=430); f) 150 nM CIV (150 nM 
supplementation in IVC; n=416). After the selection the COCs were placed for in vitro maturation, but for 
the 50, 100 and 150 nM MIV groups the maturation medium was supplemented with NPPC throughout 
the IVM stage (24 hours). On day 0 (D0) all COCs were fertilized with sperm from a single bull 
previously tested. After the period of fertilization (D1) presumptive zygotes were denuded and cultured in 
vitro. On day 5 (D5) of the culture the probable zygotes of the 50, 100 and 150 nM IVC groups were 
treated with NPPC and remained with the supplementation until day 7 (D7). In D7 the embryo production 
rates were evaluated for comparison of the effect of NPPC supplementation at different times and 
concentrations. The results were compared by the logistic regression test in the Minitab® statistical 
program, version 18.1. Effect was considered significant when p value was ≤ 0.05. When comparing the 
blastocyst rate of the Control group (31.05%) with the 50 IVM groups (33.47%, P= 0.427), 100 IVM 
(35.24%, P= 0.165), 150 IVM (32.53%; P= 0.625); 50 IVC (28.49%, P= 0.439); 100 IVC (27.67%, P= 
0.282); 150 IVC (26.92%, P= 0.192), there was no difference. Although blastocyst rates did not differ 
between groups, our data provide references to other research that seeks to improve the efficiency of in 
vitro production of bovine embryos.  
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The in vitro embryo culture induces an excessive production of reactive oxygen species (ROS) and affects 
blastocysts production. Medium supplementation with antioxidants agents in culture is an interesting 
alternative to minimize those effects. The present study evaluated the effect of ethanolic extracts obtained 
from cerrado plants on the oxidative stress of IVP embryos. Bovine ovaries from slaughterhouse were 
used to obtain grade I and II oocytes, which were submitted to maturation, fertilization (D0) and in vitro 
culture. Four groups were used in the culture: a control group subject to high oxygen tension (G20%), a 
group subject to low oxygen tension (G5%), besides two groups cultivated under high oxygen tension, 
supplemented with 0.01mg/mL of cagaite extract (GCag) and another group with 0.01mg/mL of murici 
extract (GMuri). Cleavage (D2) and blastocyst rates (D6 and D7) were evaluated. D7 expanded 
blastocysts were used to evaluate ROS, glutathione (GSH) and gene expression. ROS levels were 
analyzed by confocal microscopy using H2DCFDA (6-carboxy-20,70-dichlorodihydrofluorescein 
diacetate), and GSH on epifluorescence microscopy with Cell Tracker Blue (4-chloromethyl- 6,8-
difluoro-7-hydroxyocoumarin). The transcripts level of genes involved in apoptosis (BAX, BCL21L, 
CASP3 and CASP8) and in the ROS metabolic pathways (SOD2, CAT, GPx4 and PRDX3) was 
determined by qPCR, with GAPDH used as a housekeeping gene. Data were analyzed by ANOVA and 
the means compared by Tukey test, at 5%. A total of 2135 oocytes were used and 893 embryos were 
produced (41.8%). Embryo production was similar (P>0.05) among G20% (cleavage: 87.6 ± 8.1%, D6: 
26.5 ± 12.2% and D7: 42.7 ± 6.2%), GCag (89 ± 7.3%, 23.9 ± 10.3%, 43 ± 6.2%), GMuri (89 ± 9.5%, 
26.7 ± 16% and 40.1 ± 8.4%) and G5% (88 ± 9.5, 26.7 ± 16, 40.1 ± 8.4). ROS and GSH emitted 
fluorescence were also similar (P> 0.05) among G20% (105.24 ± 26.04 and 156.36 ± 11.39), GCag (125, 
92 ± 31.82 and 159.98 ± 10.89), GMuri (135.25 ± 29.05 and 155.36 ± 14.07) and G5% (116.05 ± 27.51 
and 151.37 ± 17.45). The results showed that transcripts levels of apoptosis-related genes were similar 
(P>0.05) among the groups. However, genes involved in ROS metabolism were differentially expressed 
in the treatments. Abundance of GPX4 transcripts was higher (p <0.05) in the groups cultured with 
cagaite and murici than the G5% group, and PRDX3 transcripts was higher (p <0.05) in the GMuri group 
than the G5% group. The other transcripts analyzed (SOD2 and CAT) were similar among treatments 
(P>0.05). Supplementation of culture medium with extracts (0.01mg / mL) of cagaita and murici 
increased transcripts levels for genes related to antioxidant function (GPx4 and PRDX3), although it did 
not increased embryo production. Therefore, those extracts can be an alternative to reduce oxidative stress 
caused by IVP adverse conditions. 
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The aim of this study was to evaluate the establishment of peripheral insulin resistance (PIR) in Holstein 
(Bos taurus) repeat breeder (RB) cows and the effect on the in vitro embryo production (IVEP). Twenty-
eight cows were distributed in three experimental groups: Initial Lactation [IL; DIM <50 days; n=9; 
24.9±1.7kg/d of milk; BCS=2.9±0.07]; End Lactation and Repeat Breeders (EL-RB) [DIM>300 days; 
n=10; 17.2±0.9kg/d of milk; BCS=3.4±0.12] and End Lactation and Pregnant [EL-P; DIM>300 days; 
n=9; 19.6±1.3kg/d of milk; BCS=3.4±0.06]. For the glucose tolerance test (GTT), blood samples were 
collected after 4 hours of fasting at -20, -10 and 0 min, and an infusion of 0.3 g / kg of sterile glucose 
solution [50% of glucose (iv)] was performed at the 0 minutes moment during 5 min. At 5, 10, 20, 30, 40, 
60, 80, 100 and 120 subsequent minutes, blood samples were collected to calculate the metabolism rate 
(k), and half-life (T½) of the plasmatic glucose. The insulin response (INS) after GTT was evaluated by 
the circulating insulin concentration and by the insulin increase ([INS] peak - [INS] basal; Δmax). An 
ovarium pick-up (OPU) were performed in a random day of estrus cycle to determinate oocytes quality 
and a US (Mindray® DP2200 Vet) evaluation was performed for antral follicle count (CFA). Statistical 
analyzes were performed by orthogonal contrasts [Contrast 1 (C1) = Lactation Phase (IL vs FL-RS + FL-
P) and Contrast 2 (C2) = Reproductive Status (FL-RB vs FL-P)] using logistics regression by GLIMMIX 
PROC of SAS. Statistical differences were found considering lactation phase, for the variables area under 
the curve (AUC) between 5 and 120 minutes after infusion [IL=4367.8±927.1 vs RB=9524.5±1746.3 + 
EL-P=8047.6±1113.8; P=0.02]. Antral follicle count (CFA) was higher in cows at the beginning of 
lactation when compared to cows at the end of lactation [IL=21.3±6.0 vs EL-RS=13.6±4.3 + EL-
P=10.8±2.2; P=0.03 (C1)] but the number of recovered oocytes, viable oocytes, oocyte recovery rate, and 
cleavage rate did not differ between groups (P> 0.05). A difference was found for blastocyst rate [IL = 
10.0% vs EL-RB = 18.9% + EL-P = 22.8%; P = 0.01] and for embryo development rate [IL = 14.0% vs 
EL-RB = 41% + EL-P = 38.1%; P = 0.03] considering the moment of lactation. In conclusion, repeat 
breeder cows and pregnant cows at the end of lactation have higher insulin in response to TTG, 
evidencing the establishment of the PIR. However, poor oocyte quality was not demonstrated when 
compared to cows at the beginning of lactation. 
Acknowledgments: FAPESP (2014/19460-4), Instituto de Zootecnia - Nova Odessa, SP, WTA FIV. 
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Fixed Time Embryo Transfer (FTET) is an important technique for increasing reproductive efficiency of 
embryo recipients. The objective of the present study was to evaluate the effect of GnRH treatment at the 
time of FTET on the conception rate of buffalo embryo recipients. The hypothesis of the present study 
was that treatment with GnRH on the FTET day induces the formation of an accessory corpus luteum CL, 
increases the plasma concentrations of progesterone P4, generating embryos that have greater capacity for 
synthesis and release of Interferon-Tau (bIFN-τ; Mann et al., J Reprod Fertile Suppl., 54: 317-328, 1999), 
thus reducing embryonic mortality and, consequently, increasing conception rate (Vecchio et al., Reprod 
Dom Ani 45,614-618, 2010). This study involved 291 Murrah buffaloes, aged from 2 to 15 years, without 
fertility problems and with a good body condition score (BCS> 2.5). The experiment was carried out in 2 
different farms: Estância Santa Olga (Road 81, Formosa, Argentina), and in the Ribeira Valley Regional 
Pole (Unit of Research and Development, Registro, São Paulo, Brazil). The recipients were synchronized 
with the following protocol: on day 0 the buffaloes received the insertion of an intravaginal device 
containing 0.5 g of P4 (DIB® 0.5; Syntex, Argentina), associated with i.m. application of 0.5 mg of 
estradiol benzoate (Syntex®, Argentina) and 0.53 mg of sodium cloprostenol (PGF2α; Cyclase DL, 
Syntex, Argentina). On day 9, the P4 device was removed and 0.53 mg PGF, 400 IU equine chorionic 
gonadotrophin (eCG; Novormon®, Syntex, Argentina) and 1.0 mg estradiol cypionate (Cipiosyn®, 
Syntex, Argentina) were applied (I.M.). On day 18 of the protocol (sixth day of the estrous cycle), an 
ultrasound evaluation (DP 2200®, Mindray; China) was performed. Buffaloes that had a CL> 14 cm (n = 
168) received a vitrified embryo produced in vitro (IVEP). The rate of responsive animals to 
synchronization protocol was 64.8% for Estancia Santa Olaga (70/108) and 53.5% for the Regional Pole 
(98 / 183). At FTET, recipients were divided into two groups: GnRH Group (G-GnRH) which received 
10 μg of acetate of gonadorelin i.m. (GnRH, Gonasyn GDR, Syntex, Argentina); and the Control Group 
(G-CONT), without treatment. After 30 days of FTET, a new ultrasound examination was performed to 
evaluate the conception rate of the recipients. Statistical analyzes were performed using the SAS® 
GLIMMIX procedure. No significant difference was observed between the conception rate of the two 
groups (G-GnRH: 20.9%, G-CONT: 14.8%, P = 0.31). In addition, there was no interaction of the quality 
of transferred embryos: blastocyst (BL), expanded blastocyst (EXBL), hatched blastocyst (HBL) (P = 
0.78); farm (P = 0.73) and treatment / farm (P = 0.71). Treatment with GnRH at the time of FTET did not 
increase conception rate in buffaloes after FTET. 
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The aim of this study was to evaluate the peripheral insulin resistance (PIR) in repeat-breeder (RB) 
Holstein cows (Bos Taurus) submitted to drying and subsequent induction of lactation (IL) on in vitro 
embryo production (IVEP) and pregnancy rate after FTET. A total of 34 cows were used, homogeneously 
distributed into four experimental groups: Early - physiological lactation [EPL; DIM<90d; n=9; 28.7± 1.4 
kg/d of milk; BCS= 2.7±0.04]; Early lactation – IL [EIL; DIM<90d; n=9; 17.7±1.56 kg/d of milk; BCS= 
3.0±0.04]; end of lactation - RB [EL-RB; DIM>300d; n=7; 16.7±1.26 kg/d of milk; BCS=3.0±0.08] and 
dry cows - RB [DC-RB; dry period >300d; n=9; BCS=3.7±0.09]. RB cows were characterized as not 
becoming pregnant after four or more AIs. For the glucose tolerance test (GTT), blood samples were 
collected after 4 hours of fasting at -20, -10 and 0 min, and an infusion of 0.3 g / kg of sterile glucose 
solution [50% of glucose (iv)] was performed at the 0 minutes mark during 5 min. At 5, 10, 20, 30, 40, 
60, 80, 100 and 120 subsequent minutes, blood samples were collected to calculate the metabolism rate 
(k), and half-life (T) of the plasmatic glucose. The insulin response (INS) after GTT was evaluated by the 
circulating insulin concentration and by the insulin increase ([INS] peak - [INS] basal; Δmax). In order to 
evaluate antral follicle count (AFC) and oocyte quality, three OPUs were performed with a 30 day 
interval, at a random day of the cycle. Statistical analyses were performed using the GLIMMIX of SAS. 
No difference was found between the groups at the level of INS, k and T½ (P>0.05). The peak of insulin 
(P=0.0007) and Δ max (µUI/mL; P=0.005) was higher in DC-RB cows when compared to EPL and EIL 
but similar to EL-RB [DC-RB (318.5±44,6a and 268.5±37,9a); EPL (173.3±27,7b and 132.2±28,8b); ILI 
(181.1±26,0b and 142.1±21,3b) and EL-RB (238.3±42,0ab and 197.7±41,9ab)]. Differences were observed 
between the categories for the INS concentration in the range of 5-60min [EPL=7486.3±1168.9ab; 
EIL=6880.4±1066.8b EL-RB=9416.9±1396.9ab; DC-RB=11907.6±1954.4a; P=0.05]. The AFC was higher 
in EL-RB and DC-RB cows when compared to EIL but similar to EPL (respectively 16.7±2.2a, 18.1±2.6a, 
9.3±1.1b, 14.2±1.6ab, P=0.04). Statistical differences in the number of viable oocytes between the groups 
was found (EPL=5.0±0.7bc, EIL=3.2±0.5c, EL-RB=7.7±1.0ab, DC-RB=8.0±1.4a, P=0.02). The viable 
oocytes rate was higher in EL-RB and DC-RB cows when compared to EPL but similar to EIL (57.7%a, 
52.0%a, 42.5%b, 44.0%ab, P=0.05). There are differences on blastocysts rates (EPL=15.0%ab; EIL=8.4%b; 
EL-RB=20.4%a; DC-RB=17.8%ab; P =0.03). No differences were observed in the pregnancy rate 
[EPL=45.0% (9/20); EIL=40.0% (2/5) EL-RB=41.4% (17/41); DC-RB=38.7% (12/31); P=0.81]. It was 
concluded that the lactation induction protocol decreased the RPI status, however it was not efficient in 
improvement in IVEP and pregnancy rate after FTET. 
Acknowledgments: FAPESP (2014/19460-4), IZ - Nova Odessa, SP. 
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The objective of this trial was to evaluate the fertility and milk production during the entire lactation after 
treatment with bovine recombinant somatotropin (rbST - Boostin® - MSD Animal Health) in buffalo. 
This study was conducted at Paineiras da Ingaí farm in Sarapuí-SP, Brazil, in 95 lactating Murrah buffalo 
during the period of 12 months (from March, 2017 to April, 2018). The buffalo were homogeneously 
divided in two experimental groups: control, CON (n=48) and treated, rbST (n=47), according the 
lactation number [4,2±0,3 (EPM) lactations], entire production of previous lactation (3.395,1±91,9 L), 
occurrence of twin births (one in each group), weight at calve (620,89±76,90 kg) and days in milk to 
begin the treatments (60,8±3,7 dias). The rbST applications were subcutaneous each 14 days, in a total of 
18.9±0,4 applications/lactation. The buffalo were submited to natural servisse at the proportion of one 
bull for 60 buffalo. An ultrassonografic ovum pick-up (OPU) was performed to an in vitro embryo 
production (IVEP) 80,7±4,6 days postpartum to evaluate the treatment effect on oocyte quality in 24 
buffalo (CON=12 and rbST=12), and were used two bulls. The statistical analysis were performed using 
the PROC GLIMMIX of SAS. There was no effect of treatment with rbST in the days-conception period 
(CON=86,2±11,0 and rbST=88,1±11,5 days P=0,96) and on pregnancy rate at the end of lactation period 
[CON=97,9%(48/49) and rbST=95,9%(47/49), P=0,54]. Also, there was no treatment effect on the 
recovered quantity of complex cumulus-oocyte at OPU (CCO - CON=8,0±0,8 and rbST=8,3±0,9 
oocyte/buffalo, P=0,51) and at IVEP (CON=1,7±0,4 and rbST=1,6±0,4 embryos/buffalo, P=0,25). The 
rbST treatment increased the daily milk average (CON=10.3±0.1 and rbST=12.2±0.2 L/buffalo/day, 
P<0.0001). To milk production curve, there was effect of time (P<0.0001) and interaction time-treatment 
(P=0.03). The rbST group increased the milk production in all the periods of lactation (P=0.03). Besides, 
there was effect in the total milk production on lactation (CON=3.119±111.3 and rbST=3.576±119.3 
L/buffalo/lactation, P=0.02). The use of rbST did not presente effect on fertility, however, increased daily 
milk average and total milk production during the entire lactation of Murrah buffalos. 
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The aim of the present study was to evaluate the effect of FSH and/or rBST treatment on IVEP of 
Holstein calves (Bos Taurus). A total of 27 Holstein females were used, in which 22 were prepubertal and 
5 pubertal. The prepubertal animals were distributed into four groups: Control group: (CTLG, n=6); 
Treated only with rBST group (BSTG, n=5); Treated only with FSH group (FSHG, n=6); and Treated 
with rBST and FSH (rBST+FSHG, n=5). The pubertal heifers (PHG) were included as a positive control 
for the laboratory. All the animals received a norgestomet auricular device (Crestar®, MSD Saúde 
Animal, São Paulo, SP, Brazil) and 1 mg IM of estradiol benzoate (Fertilcare Sincronização®, MSD 
Saúde Animal) at the onset of the protocol (D0). The animals of CTLG group received no additional 
treatment. The animals of BSTG received 500 mg IM of rBST (Boostin®, MSD Saúde Animal) on day -2 
(D-2). The animals of FSHG received 140 mg IM of FSH (Folltropin®, Agener União – Saúde Animal, 
São Paulo, SP, Brazil), peformed in four injection twice a day on decreasing doses (40 mg [day 4 PM], 40 
mg [day 5, AM], 30 mg [day 5, PM], and 30 mg [day 6, AM]; coasting period of 24 hours). The animals 
of BST+FSHG received 500 mg IM of rBST on D-2 and the same FSH treatment protocol mentioned 
above. The Heifers of PHG were not treated with any additional treatment. On day 7 the auricular devices 
were removed and the animals of all groups were submitted to an epidural anesthesia (2% lidocaíne) 
followed by ovum pick-up guided by transvaginal ultrasound (guide EC9-5 Heifer, WTA, Cravinhos, SP; 
ultrasound S8®, SonoScape, China). The recovered oocytes were sent to an IVEP commercial lab, and 
the embryonic development (cleavage and blastocyst rates) evaluation were performed. The oocytes were 
fertilized with sexed semen from two Holstein bulls (Bos Taurus). The obtained data were analyzed by 
the GLIMIX procedure of SAS®. No statistical differences were found between groups on number of 
blastocysts (P=0.7), number of cleaved oocytes (P=0.57), total recovered oocytes (P=0.11), blastocyst 
rates (on total oocytes, P=0.36) and cleavage rate (on total oocytes, P=0.3). On day 7 the FSHG group 
had more (P=0.006) medium follicles (14.2±3.09a) than BSTG, CTLG and PHG (1.1±1.20b; 1.5±1.18b e 
1.3±1.16b, respectively) and the BST+FSHG had more (P=0.002) large follicles (2.5±0.67a) than the 
CTLG (0.1±0.31b). The BSTG oocytes recovery rate was lower (P=0.01) than CTLG (55.0%a vs. 
70.2%b, respectively). The number of viable oocytes was greater (P=0.03) on FSHG (14.6±0.28a) than 
BSTG group (3.2±0.25b). Apparently, treatment with FSH, rBST or the association of both treatments 
had no influence on IVEP in this animal category; however, further studies with greater number of 
animals should be done in order to conclude these results.  
Acknowledgements: CAPES; Bovigenese; WTA; Vitrogen; Laboratório de Pesquisa em Bovinos de Leite 
(USP).
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The objective of this study was to evaluate the effect of different reproductive biotechnologies (AI, ET 
and IVF) on reproductive performance of lactating Holstein cows, and to evaluate the reproductive and 
productive performance of the female Holstein calves. The study was conducted at Santa Rita 
farm/Agrindus S.A. in Descalvado, São Paulo, Brazil. The reproductive data of the lactating cows that 
received contemporaneously these three biotechnologies during the years of 2013 to 2015 (AI=8382, 
ET=6381 and IVF=1503) were analyzed, and cows were submitted to the same conditions. In cows, the 
variables gestation length (GL) and retained placenta (RP) were analyzed, and in calves the mortality 
from birth to weaning (MBW; AI=659, ET=572 and IVF=90) and genetic merit (GM; AI=619, ET=545 
and IVF=84) were analyzed through the Gestor Leite – CRV Lagoa program. Additionally, weight at 
birth and at weaning (WB and WW; AI=574, ET=504 and IVF=73) were analyzed in the calves and age 
at first conception (AFC; AI=552, ET=456 and IVF=61) and milk production on the first lactation 
(MP1L; AI=216, ET=151 and IVF=16) were partially analyzed. The data were collected during periods of 
heat (spring and summer) and of cold (autumn and winter). The data were analyzed by the PROC 
GENMOD and GLIMMIX of SAS. In the cows, GL differed according to the time of year in which it 
occurred (Heat=275.5±0.3A and Cold=274.3±0.2B days, P=0.045), and there was no difference according 
to the biotechnology (AI=275.0±0.3AB; ET=274.4±0.2B and IVF=276.4±0.6A days, P=0.068). RP did not 
differ according to the biotechnology [AI=22.0% (145/659), ET=19.9% (114/572) and IVF=23.3% 
(21/90), P=0,546]. In the calves, MBW differed according to the biotechnology [AI=6.8% (45/659)AB; 
ET=4.4% (25/572)B and IVF=10.0% (9/90)A, P=0.047], as well as the WB (AI=39.9±0.1B, ET=39.8±0.2B 
and IVF=41.7±0.5A kg, P<0.0001), the AFC (AI=474.0±3,2AB, ET=467.8±3.3B and IVF=491.9±10.5A 
days, P=0.060), and the GM (AI=9241.4±21.94B, ET=9301.6±22.6B and IVF=9497.7±57.3A kg, 
P=0.0001). However, WW did not differ according to the biotechnology (AI=98.2±0.4, ET=98.8±0.4 and 
IVF=96.2±1.3 kg, P=0.565), as well as the MP1L (AI=10172.1±150.8, ET=10230.8±156.3 and 
IVF=11118.7±353.8 kg, P=0.163). As a conclusion, there was difference on the time of the year for GL 
and there was difference according to the biotechnology for GL, MBW, WB, AFC and GM. The RP, WW 
and the MP1L did not differ according to the biotechnology. At first, the biotechnologies might have 
influence on the reproductive performance. However, more data is needed to conclude the influence on 
the productive performance of Holstein females. 
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Holstein females created in the subtropical climate regions present low efficiency in the number, quality 
and competence of the oocytes to produce in vitro embryos. The control of follicular dynamics associated 
with the administration of exogenous FSH can increase the number and improve oocytes quality to 
embryo production. Twenty-one Holstein female were used, 07 heifers (H), 07 dry cows (DC) and 07 
cows in lactation (LC) in a randomized "crossover" of four treatments performed at 21 days interval: T1 – 
Follicular aspiration at random in any time of the estrous cycle; T2 – Follicular aspiration three days after 
dominant follicle removal; T3 – Follicular aspiration three days after dominant follicle removal and 
twenty-four hours after administration and of a single dose FSH (100 IU for heifers and 200 IU for cows); 
T4 – Follicular aspiration after administration of FSH at 200 IU for heifers and 400 IU for cows, 
subdivided into 8 decreasing doses, luteolysis induction with the sixth dose of FSH and LH peak 
induction with GnRH 36 hours after administration of PGF2a and follicular aspiration 26 hours after that 
the application of GnRH. The recovered oocytes were classified as viable immature (compact cumulus 
and homogeneous cytoplasm), atresic (compacted or expanded cumulus and irregular cytoplasm) or 
matured in vivo (cumulus expanded with the first polar body extrusion). The results were evaluated by 
analysis of variance by the F test. When the F value was significant at the 5% the Duncan test was applied 
to compare the means. Considering the three categories of animals, the highest average of oocytes 
retrieved (H=10.21, DC=8.39 and LC=6.71) and viable oocytes (H = 8.28, DC = 6.78 and LC = 5.61) 
were obtained with heifers. The dry cows had the highest average of embryo production (H = 1.28, DC = 
2.86 and LC = 0.39), being p <0.05. Analyzing the treatments, there was only significant differences (p 
<0.05) in the variable viable oocytes, with T4 being higher average treatment (T1=4.52; T2=6.48; 
T3=7.38 e T4=9.19). The results showed that the dry cow category is more efficient to produce in vitro 
embryos, and that treatments with follicular wave control and FSH stimulation were insufficient to 
increase in vitro embryo production IN Holstein cows and heifers. 
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In regions with a tropical climate, shading may determine greater animal comfort (Garcia et al, 2011), 
impacting on productivity. Thus, the aim was to study the influence of the silvopastoral system on the 
metabolic profile and the in vitro embryo production of primiparous Canchim cows. We used 18 donors, 
with 477.0 ± 12.0 kg of body weight and 26.2 ± 2.2 days postpartum, at the beginning of the experiment. 
The females were managed in two grazing systems: 1) with trees (n = 10; Silvipastoral-SP, eucalyptus 
trees at 15x2m spacing); 2) without trees (n = 8; Intensive Rotation-IR). The experiment was carried out 
at Embrapa Livestock Southeast, in São Carlos, SP, Brazil, from January to May 2017. The following 
procedures were performed monthly: black globe humidity index (BGHI) and heat load index (HLI) (P4), 
β-hydroxy butyrate (BHBA), glucose (GLU), non-esterified fatty acids (NEFA) and follicular aspiration 
(OPU). After counting the follicles observed in OPU (OF), the recovery rate (RR) was calculated. 
Cumulus oocyte (COC) complexes evaluated with degrees I to III were matured and used in PIVE, 
performed with semen of the same bull, of known fertility. The total number of oocytes (TO), number of 
viable oocytes (VO), D3 cleavage rate (CA), blastocyst rate in D7 (number of embryos / number of viable 
oocytes, BR). The discrete variables were analyzed by PROC GENMOD, while the continuous variables 
were PROC MIXED. The results were presented as mean ± SEM. BGHI and HLI were higher (P <0.01) 
in RI (83.2 ± 0.7 and 694.2 ± 11.3) than in SP (81.2 ± 0.7 and 610 ± 8, 9). Cows grazing in IR had a 
higher concentration of P4 than those in SP 1.4 ± 0.4 and 1.1 ± 0.2, respectively; P = 0.02), but the system 
did not influence the concentrations of NEFA (P = 0.65), GLU (P = 0.31) and BHBA (P = 0.09) during 
the experimental period. The OF (P = 0.72), RR (P = 0.73), TO (SP: n=1043, RI: n=788, P = 0.27), and 
VO (P = 0.97) were not different between grazing areas. CR (85.9 ± 2.6574/643] vs 82.8 ± 1.4[400/470], 
respectively, P = 0.04) and BR (43.0 ± 4.2[245/574] vs 36.6 ± 4.3[159/400], respectively; P = 0.04) was 
higher in cows in SP than in those in IR. It was evident in this study, the difference of the microclimate 
provided by the RI and SP areas. In this sense, the highest concentrations of P4 observed in cows in the 
IR area indicate a possible stress condition in this group of animals (Cooke et al, 2009). It was not 
observed, by the BHBA, NEFA and GLU dosages, a severe energy balance after calving, however 
considering the possible condition of thermal stress of the cows in IR, the embryo production was higher 
in the cows in SP. 
Acknowledgments: Embrapa (Biotec Network, Pecus Network, Adapt +), Byoembryo and Vitrogen 
Laboratories, GS Animal Reproduction, FAPESP (#2015/26627-5), CAPES. 
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The objective was to determine the efficiency of dinoprost tromethamine (DT; Lutalyse®, Zoetis, EUA) 
and its association with the synthetic analogue of GnRH, deslorelin acetate (DA;Sincrorrelin®, Ouro Fino, 
Brasil) in inducing ovulation of cyclic mares. Mangalarga mares (n=30), aged between 4 and 15 years 
and body condition score 5 and 6 (1 skinny – 9 overweight) were examined daily via transrectal 
ultrasonography. Endometrial edema 2 (0 no edema – 3 maximum edema), open cervix and a follicular 
diameter of at least 35 mm were minimum conditions of mare inclusion in this study. Estrous cycles 
(n=52) were randomly allocated to one of five treatments: 7.5 mg of DT (T1; n= 17); 1.0 mg of DA 
(positive control; T2; n= 10); 0.5 mg of DA (T3; n= 4); 1.0 mg of DA + 7.5 mg of DT (T4; n= 7) and 0.5 
mg of DA + 7.5 mg DT (T5; n = 14). The animals were examined every six hours – Dominant follicle 
diameter and endometrial edema were recorded until ovulation and pregnancy diagnosis performed at 12 
days post ovulation. Number of treatments performed (52) and number of gestational diagnoses were 
recorded (52). Data were analyzed by chi-square analysis, GENMOD procedure with the binomial option, 
SAS® (Cary - NC, USA). Ovulation rates (%) did not differ (P>0.05) among treatments 1-5 (65, 90, 75, 
100 and 100), respectively. Effects of treatment, transitional period, pre-ovulation edema and edema at 
the time of induction were considered significant if P<0.05. The mean time-interval between induction 
and ovulation was 54.52 ± 5.19 h. Mean pre-ovulatory follicle diameter (39.71±0.23 mm) did not differ 
among treatments. There was no effect of treatment (P= 0.67) on gestation rate. Gestation rates were not 
affected by edema at the time of induction (P= 0.66) and pre-ovulatory edema (P= 0.45). The similar 
ovulation rates obtained in this trial, support the hypothesis that the associations between prostaglandin 
and GnRH analogues may sustain the ovulatory mechanism compared to the individual use of the latter. 
This complimentary effect may reduce the cost of synchronization protocols currently used which rely 
solely in the more expensive GnRH analogues. The results corroborate the active role of prostaglandins in 
the ovulation mechanism. 
Development institution: National Council for Scientific and Technological Development (CNPq). 
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The Center of Gravity (CG) methodology has been used to evaluate the geographic mobility of crop 
production (DE MORI et al., Boletim de Pesquisa e Desenvolvimento, 37:6, 2007). In the current study, 
this tool was used to evaluate the geographic changes of cattle embryo production in Brazil. We 
hypothesized that the CG moves according to changes in embryo production in dairy and beef breeds. As 
a case study, we used data from the Brazilian Zebu Cattle Breeders Association (ABCZ), stratified by 
year, breed, and technology used (in vitro production [IVP] or in vivo derived [IVD]). The local of 
production was arbitrarily defined as the geographic coordinates (latitude and longitude) of the ABCZ 
offices were embryo transfer was reported. These coordinates were then used to calculate weighted 
averages for the spatial distribution of variables, and to define the CG. The coordinates obtained were 
compared within technology and period to obtain the distance and direction of changes in CG. Embryo 
production data from the years 2004, 2011, and 2016, which correspond to the embryo production growth 
cycles in beef and dairy, respectively (VIANA et al., Anim Reprod 14:476-481, 2017), were used. In 
2004, the IVD CG was in the Triângulo Mineiro region, MG State. In the period 2004-2011, this CG 
moved 370.4 Km N to Goiás State. This change was mainly associated to the trends of the CG in the 
Nelore breed, which moved 450.8 Km N between 2004 and 2011. In the following cycle, IVD CG moved 
back a similar distance (380.5 Km) towards MG State, ending up in 2016 only 15.5 Km from its 2004 
original position, however, during this period IVD embryo production in Zebu breeds decreased 91.9%. 
In the Gir breed, on the other hand, the CG moved NE and then E, and in 2016 was at 473.1Km of its 
original 2004 position, while still in MG State. Differently from IVD, IVP CG moved only 76.9 km S and 
63.1Km NW in the two periods, respectively, oscillating in the Triângulo Mineiro – South of Goiás axis. 
In both Gir and Nelore breeds, changes in IVP CG were restricted within a 50 Km radius, centered in 
theUberaba City region and in border of MG and GO States, respectively. The lesserinfluence of embryo 
production cycles on IVP CG is possibly associated to the higherdependency of laboratory facilities, 
which is still concentrated in the Southwest region. On the other hand, the use of IVP as the technique of 
choice for embryo production inZebu breeds displaced IVD embryo Market to marginal areas. Our 
preliminary results show that the CG methodology is useful in the analysis of cattle embryo market 
trendsand in the construction of scenario. 
Acknowledgements: Fapemig, FAPDF, Embrapa Projeto 01.13.06.01.002, PIBIC-CNPq. 
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Heat stress may cause reversible or irreversible cellular damage, causing an adaptive response or cell 
death. Considering that apoptosis is important for the reduction of number of oocytes in mammals, it is 
possible that it plays an essential role in oocytes exposed to heat stress conditions (Paula-Lopes et al., 
Animal Reproduction,9:395-403, 2012). It is observed that cows under heat stress have higher peripheral 
glucose metabolism, a strategy for greater heat dissipation. Chromium enhances the function of insulin, 
acting as a cofactor and increasing its efficiency, aiding in the absorption of glucose by the cells, 
including the reproductive tract. The present study aimed to evaluate the DNA fragmentation of oocytes 
from Holstein x Gyr dairy cows submitted to heat stress in climatic chamber supplemented with organic 
chromium in the diet. It was used thirty-six ¾ Holstein x Gyr cows, average 113 days in milk, in a 2 x 3 
factorial design, two diets (control and diet with 0.08 mg Cr/kg metabolic weight) and three 
environmental conditions: heat stress in climatic chamber - temperature and humidity index (THI) 85 for 
eight hours daily, thermoneutral environment in free stall - THI 68 feeding ad libitum and pair-fed group 
in same thermoneutral environment, totaling 6 contemporaneous groups with 6 animals each. The cows 
were submitted to OPU while all the animals were in thermoneutral environment (first collection) and 
after three days of being distributed under the three environmental conditions (second collection). The 
viable oocytes were matured in vitro and the "terminal deoxynucleotidyl transferase-mediated dUTP nick 
and labeling" (TUNEL) test was performed to determine DNA fragmentation, in which, TUNEL-positive: 
cells with DNA fragmentation; TUNEL-negative: cells without DNA fragmentation. Fisher's exact test 
was used to evaluate the categorical variable and the significance level was P<0.05. In the pre-heat stress 
collection, 40.51% (n=32) of oocytes were TUNEL-positive while 59.49% (n=47) were TUNEL-positive 
in the second collection (P<0.05). Evaluating only the second time of collection, which was caused the 
heat stress in a group in the climatic chamber, there was no difference between the different environments 
or between diets offered (P>0.05). However, comparing the diets offered in the two moments of 
collection, the cows that were fed with diet supplemented with organic chromium presented no difference 
in the percentage of DNA fragmentation: 43.18% (n=19) in first collection and 56.82% (n=25) in second 
collection (P>0.05). While those fed with control diet presented 37.14% (n=13) of TUNEL-positive 
oocytes in first collection and 62.38% (n=22) of TUNEL-positive oocytes in the second collection 
(P<0.05). Although there was no difference between the environments in the second collection, the 
dietary supplementation of organic chromium is a promising management in promoting provide 
protection against genetic material damage in dairy cows. 
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The use of biotechnologies such as in IVF and cloning are dependent of the adequate number recovery of 
good quality oocytes. It has already been shown that different collection methods can influence these 
parameters. Therefore, this study aimed to evaluate the effect of both: different techniques of oocyte 
collection and the stage of the estrous cycle on the quantity and quality of oocytes recovered in domestic 
cats. The study was performed at the Veterinary Hospital - UNIGRANRIO, in Duque de Caxias/RJ. After 
elective ovariohisterectomy, 43 pairs of cat ovaries were used, which were maintained in PBS for a 
maximum of 4 h and evaluated according to the estrous phase in: follicular, luteal or inactive (Uchikura, 
et al. J. Vet. Med. Sci., 73:561-566, 2011). The groups formed were PUN: (oocytes were recovered by 
puncturing follicles with 21 g needle), PUN + SLI (oocytes were recovered by slicing (SLI) the ovary that 
was previously PUN) or SLI (oocytes were recovered only by slicing). The oocytes were quantified and 
classified in Grade I, II, III and IV (Wood and Wildt, J. Reprod. Fertil., 110:355-360, 1997). The 
parametric variables were analyzed by ANOVA, followed by the Tukey test, while the non-parametric 
variables were analyzed by the chi-square test (P<0.05). A total of 974 oocytes (~ 23 oocytes/animal) was 
obtained. In the follicular phase, 476 oocytes were recovered, the technique of PUN + SLI (177/476) and 
SLI (244/476) recovered similar number (P>0.05) of oocytes and greater number than PUN (55/476), and 
there was no difference (P>0.05) in their quality. Regarding the stage of estrous cycle, 46.5% of 
animals/ovaries were in the follicular, 21.0% in luteal phase and 32.5% were inactive. There was no 
difference in the number of oocytes recovered. However, the inactive stage resulted in higher (P<0.05) 
number of good quality (Grade I and II) oocytes than luteal phase and the others (inactive vs follicular 
and luteal vs follicular) were similar (P>0.05). The results found in the present study indicate that the SLI 
technique recovers more oocytes, not affecting their quality and the inactive and follicular phases recover 
oocytes of better quality in cats. Therefore, to optimize the use of biotechnologies the stage of the estrous 
cycle and the collection technique used must be taken into consideration. 
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The potential of embryonic production can be estimated by the cumulus-oocyte complex (COC) 
morphology in the bovine in vitro embryo production (IVP). This paper presents the evaluation of the 
effect of the quality of COCs (through the evaluation of the COC morphology) on the efficiency in the 
IVP. The data of this study were obtained from the commercial laboratory of IVP - MÚLTIPLA 
EMBRIÕES LTDA (Ji-Paraná - Rondônia - Brazil), between March 2015 and October 2016. The COCs, 
obtained through the aspiration of ovaries from slaughterhouse, were classified according to their 
morphology in grade I: more than three layers of cumulus compact cells, oocyte with homogeneous 
ooplasm, filling the entire inner part of the zona pellucida; and grade II: when they had three or fewer 
layers of cumulus cells, and / or cumulus cells with small expansion, and / or ooplasm with slight 
granulation. Grade III COCs (oocytes without cumulus cells, and / or cumulus cells with expansion, and / 
or ooplasm with granulation, and / or ooplasm regressed with space between the cell membrane and zona 
pellucida) were not used in the laboratory tests. After classification, a total of 1,219 COCs were submitted 
to in vitro maturation (IVM), followed by in vitro fertilization (IVF) and after in vitro culture (IVC), at 
38.8ºC, 5% CO2 and high humidity. The rate of cleavage of the fertilized oocytes was evaluated on the 
third day of embryonic development. Only those embryos with a minimum of four cells that did not have 
degeneracy characteristics were considered cleaved. On the seventh day of culture, the number of 
embryos produced (blastocysts), classified according to the International Embryo Technology Society 
(IETS), was evaluated and the blastocyst rate was evaluated in relation to the number of COCs submitted 
to IVP. Statistical analysis was performed through the statistical program SAS (1998). The rates of 
cleavage and blastocyst development were analyzed by the Chi-square test, considering a level of 
significance P <0.05. Data from 13 procedures were used with 1,219 COCs subjected to IVP. Of these, 
554 COCs were considered as grade I, and 665 COCs were considered as grade II. The grade I COCs 
obtained 58.12% (322/554) of cleavage rate while grade II COCs had 62.86% (418/665) (P = 0.09). The 
rate of blastocysts for grade I COCs was 38.81% (215/554) and for grade II was 43.16% (287/665) (P = 
0.12). The grade II COCs tended to have a higher cleavage rate than the grade I COCs. There was no 
difference in the rate of blastocysts between the two classes studied, however, more detailed researches, 
on the aspects of COCs that interfere with the success of IVP, should be investigated. 
Acknowledgment: PIBIC/CNPq. 
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In the present study, the effect of forskolin (FSK) exposure time to induce lipolysis in bovine oocytes 
may improve the cryotolerance of in vitro produced embryos. Oocytes were aspirated from the ovaries of 
zebu cows obtained from a commercial slaughterhouse. Selected oocytes (N = 674) , were transferred in 
groups (20-25), to 90 µL IVM medium (TCM 199 with 1 mg/mL FSH, 5 mg/mL LH and 11 mg/mL 
pyruvate) containing or not 10% FBS, in the presence or absence of 50 μM forskolin (FSK) in the 
following groups, cultured for 24 h: +FBS (control, N = 167), -FBS (serum free IVM, N = 163) , 
+FBS/FSK (IVM with serum and FSK for 6h and then the next 18h without, N = 169), -FBS/FSK (IVM 
without serum, but with FSK for 6h and the next 18h without, N = 175). Five replicates were performed. 
IVM was carried out in an incubator with 5% CO2 in air, at 38.5 °C and high humidity. These oocytes, 
from the different groups, were fertilized in vitro with frozen sperm from the single Nelore bull (Bos 
Taurus indicus) separated by Percoll gradient (Nutricell) and final concentration at 2x106 sperm/mL. 
Presumptive zygotes were cultured in SOFaa medium plus 5 mg/mL BSA, 2.5% FBS and 0.11 mg/mL 
sodium pyruvate. The other part of the oocytes (N=210) was stained with 1 μg/mL Nile red to assess lipid 
content. The pictures obtained from the stained oocytes were taken on an epifluorescence microscope 
with a magnification of 20X and the fluorescence intensity was measured with the software Image J. 
software. The lipid content is presented as mean fluorescence intensity per µm2 (FI/µm2). For statistical 
analysis, the dependent variables were submitted to ANOVA by the least squares method using the 
GLIMMIX procedure (SAS Inst. Inc., Cary, NC, USA). If the ANOVA was significant, the data were 
analyzed using the SEM and the level of significance was 5% (P<0.05). -FBS group (0.37 ± 0.03b FI/μm2) 
had higher lipid contents than (P <0.05) FBS (0.14 ± 0.01a FI/μm2), FBS/FSK (0.14 ± 0, 01a FI/μm2) and -
FBS/FSK (0.15 ± 0.02a FI/μm2). Cleavage rates [FBS (83.8 ± 4.4 - 140/167), -FBS (81.6 ± 6.1 - 131/163), 
FBS/FSK (77.3 ± 5.0 - 130/169) and -FBS/FSK (73.6 ± 4.4 - 131/175)] and blastocyst development [FBS 
(46.4 ± 3.9 - 77/167), -FBS (45.6 ± 3,7 - 73/163), FBS/FSK (33.0 ± 6.6 - 54/169) and -FBS/FSK (31.1 ± 
4.1 ± 54/175), were similar for all treatments (P>0.05). In conclusion, FSK only reduced lipid content 
when oocytes were matured in the absence of FBS. On the other hand, in the presence of serum, FSK had 
no lipolytic effect. Therefore, 6h of exposure of oocytes to FSK, but only without serum, is sufficient time 
to reduce lipids without harmful effects on subsequent embryo development. 
Acknowledgments: Fapesp 2014/21289-1. 
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The use of multiple ovulation and embryo transfer (MOET) program in sheep is limited by anatomical 
particularities of ovine cervix, making non-surgical embryo collection method (transcervical) more 
difficult or even impracticable. Therefore, the cervical morphology screening prior MOET becomes an 
interesting strategy. Thus, this study aimed to evaluate a cervical transposition method as a tool to select 
ewes able of being submitted to non-surgical embryo collection. Adult Santa Inês ewes (n=50) were 
superovulated using Day zero protocol (Pinto et al., Theriogenology, 113:146-52, 2018) followed by 
natural mating. The cervix transposition test was performed with Hegar dilator at estrus and at the embryo 
collection time. The latter test determined whether the ewe would be submitted to non-surgical or surgical 
embryo collection method. Prior the test, in both moments, ewes were sedated with acepromazine maleate 
i.v. (0.1 mg.kg-1, Acepran, Vetnil, Louveira, Brazil) and diazepam i.v. (0.4 mg.kg-1 Diazepam, Teuto, 
Anápolis, Brazil). The test at the embryo collection time was preceded by a hormonal protocol of cervical 
dilation based on estradiol benzoate i.v. (20 µg/mL; RIC-BE; Agener União, São Paulo, Brazil) and 
cloprostenol i.m. (0.12 mg; Estron; Agener União, São Paulo, Brazil) both administered 12 h prior to the 
moment of embryo collection, oxytocin i.v. (100 IU; Ocitocina Forte UCB, Centrovet, Goiânia, Brazil) 
administered 15 min prior to embryo collection and epidural anesthetic with ketamine (2.0 mg.kg-1; 
Cetamin; Syntec, São Paulo, Brazil). A maximum of three attempts were performed to insert the Hegar 
dilator through the cervix. The test outcome was considered positive when Hegar dilator was successfully 
inserted through the cervix in any attempt, otherwise it was considered negative. Results of the first test 
were related to results obtained in the second test and classified as follows: true positive (TP, animals 
with positive results in both tests), true negative (TN, animals with negative results in both tests), false 
positive (FP, animals with positive result in the first but negative in the second test) or false negative (FN, 
animals with negative result in the first but positive in the second test). The cervix transposition test was 
evaluated calculating sensitivity (SENS), specificity (SPEC), positive (PPV) and negative predictive 
value (NPV), accuracy (Acc), and Kappa index (κ). The SENS, SPEC, PPV, NPV, and Acc were 85.7, 
66.6, 85.7, 66.6, and 80.0%, respectively. Agreement between both test was considered moderate (κ = 
0.52). The high SENS and Acc verified in the study demonstrated that cervical transposition test at the 
estrus using a Hegar dilator has the potential to be included in MOET programs as a screening strategy to 
direct ewes for a surgical or non-surgical embryo collection.  
Acknowledgements: Embrapa (Project 02.13.06.026.00.02) and CNPq (400785/2016-1). 
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Previous results of our research group revealed that addition of 50.0 μM DHA to the in vitro maturation 
(IVM) medium improved the cleavage and blastocysts rates (Hoyos-Marulanda, et al., 2017. Anais XVII 
Congresso da Abraves 2017). Considering that DHA is able to reduce lipid content in other cell types, this 
experiment was designed to evaluate the effect of this polyunsaturated fatty acid on the lipid content of 
swine oocytes and embryos. Ovaries were collected from prepubertal gilts at a local slaughterhouse and 
follicles of 3-6 mm diameter were aspirated and, after being morphological selected, cumulus-oocyte 
complexes (COCs) were matured in medium supplemented with 50 μM DHA previously diluted in 
ethanol, and a control group with 10% of follicular fluid of pubertal sows. IVM was performed at 38.5°C 
with 5% CO2 in air, for 44 h; with gonadotrophin supplementation only in the first 22 h. COCs were 
collected and denuded after 22 and 44 h of IVM. The remaining structures were parthenogenetically 
activated and cultivated until blastocyst stage. The lipid content of the structures (MIV 22 (n=195) and 
44h (n=188) and D7 blastocysts (n=166)) was determined by the level of fluorescence emission obtained 
with the excitation of the Nile Red dye. The images were captured using G2A filter with 5.44 ms 
exposure. The images were analyzed by Image J® software, transforming the fluorescence intensity on a 
logarithmic scale. The response was compared among the treatments, within each category of structures, 
through analysis of variance with means comparison using the Fisher - LSD test (Statistix®, 2013). Swine 
oocytes matured in the IVM medium supplemented with 50 μM DHA presented lower concentration of 
lipid droplets after 22 h and 44 h (P <0.05) of maturation. This reduction in lipid content was also 
observed in embryos at D7 (P <0.05). Supplementation of IVM medium with 50 μM DHA reduced the 
lipid content of oocytes and blastocysts, which may be responsible for the improved rates of cleavage and 
blastocyst observed in previous experiments. Further studies should be carried out to investigate the 
mechanisms involved in the DHA action during IVM of swine oocytes, especially regarding to lipid 
metabolism and droplet formation. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.425, Jul./Sept. 2018  425 

A112 OPU-IVP and ET  
 
Does the addition of the selective agonist of the peroxisome proliferator-activated receptor 

delta (PPARδ) L-165041 in bovine embryos produced in vitro improve cryotolerance? 
 

J.A.S. Viafara1, R. Maculan1, G.L. Vasconcelos1, P.H. Lima1, N.G. Alves1, M. Brandão2,  
R.M. Drumond3, R.N. Santos3, T.A. Rodrigues3, M.J. Sudano4, J.C. Souza1, M.S. El Azzi1 

 
1UFLA - Universidade Federal de Lavras, Lavras, MG, Brasil; 2EPAMIG - Empresa de Pesquisa Agropecuária de 

Minas Gerais, Belo Horizonte, MG, Brasil; 3CENATTE - Cenatte Embriões, Pedro Leopoldo, MG, Brasil; 
4UNIPAMPA - Universidade Federal do Pampa, Uruguaiana, RS, Brasil. 

 
 
Aims: decrease the apoptoctic index and increase cryotolerance of bovine embryos produced in vitro with 
the addition of 1 µM of L-165041. Materials and methods: on day 1 (D1), presumed zygotes were 
cultivated with 1 µM of L-165041 (PPARδ selective agonist, Sigma, St. Louis, USA) n = 441, and 
without the agonist (control group) n = 450. The cleavage rate (%) was evaluated on day 2 (D2) and the 
development of blastocysts on day 7 (D7). Embryos before and after vitrification were fixed for the 
TUNEL trial. After vitrification, the embryos were heated and re-cultivated to evaluate the hatching rate 
at 12 h, 24 h, 36 h, 48 h, 60 h, and 72 h and were frozen at 12 h of re-cultivated embryos for mass 
spectrometry (MALDI-MS). Statistical analyses of deviance were carried out considering generalized 
mixed linear models, and the effect of the collection day (block) was considered as random. For the count 
variables, the Poisson distribution and the log link function were considered. In the cases of variables 
represent by rates, binomial distribution and the logit link function were used. In the study of 
cryotolerance, analysis of variance of the hatching rate for each one of the times evaluated was carried 
out. In cases of significance of the effect of treatments, the Dunnett test was applied to compare 
treatments. Multivariate and univariate statistical models were used for analysis of MALDI-MS. All 
analyses were made using the GLIMMIX procedure of the SAS software (SAS Institute, Cary, NC, 
USA). Results: The cleavage rate and blastocyst development were not different among the groups. The 
number of cells per embryo was not affected (P>0.05) by the addition of 1 µM of L-165041 in fresh 
blastocysts. The total apoptosis rate decreased (P<0.05) in embryos before and after vitrification (5.92% 
and 10.10%, respectively) by the addition of 1 µM of L-165041 compared to the control group (9.62% 
and 18.56%, respectively). The apoptosis rate of the inner cell mass (ICM) in the embryos before and 
after vitrification (7.42 % and 51.35%, respectively) decreased compared to the control group (11.03% 
and 79.79%, respectively). The ICM rate of the fresh embryos in the L-165041 group (61.95%) increased 
compared to the control group (57.00%) (P<0.05). The number of cells per embryo in devitrified 
blastocysts increased (P<0.05), and the apoptosis rate decreased (P<0.05) from the addition by 1 µM of 
L-165041. The hatching rates at 48 h, 60 h, and 72 h after devitrification were greater (P+ and [oxidized 
PC (36:1) + H]+ were more abundant (P<0.05) in embryos cultivated with L-165041, and are considered 
positive biomarkers of cryotolerance. Conclusions: the addition of 1 µM of L-165041 in the culture 
medium decreased the apoptotic index and increased cryotolerance.  
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The Senepol breed stands out in Brazilian beef cattle breeding by the capacity of development, carcass 
quality, rusticity and adaptation to adverse conditions mainly of pasture and climate. Associated with 
these characteristics, the use of reproductive biotechniques, like IVP, which contributes to the 
expressiveness of the breed in the current scenario. The objective of this study was to evaluatete the 
embryo pregnancy rate Senepol IVP. For this, the pregnancy rate and the effects on the same of the 
location of the farm were evaluated (A: Amazonas State and B: Rondônia State), of the year (2016 and 
2017), of the time of year (waters: december to march and dry season: april to november), the technician 
who performed the ET (B and C), the stage of development of the embryo and the number of ET already 
performed in the recipient (one, two or three-four). Percentage values were compared by Chi square 
whereas 5% of significance and processed for SAS. The pregnancy rate was of 43.3% (469/1083), being 
similar in the different locations of farms (43.09% - 374/868 and 44.1% - 95/215, in Amazonas and 
Rondônia States, respectively), years of the ET (43.2% - 269/622 and 43.20% - 200/461, in 2016 and 
2017, respectively), in the season of the ET (42.7% - 313/733 and 44.6% - 156/350 for the seasons of the 
waters and dry, respectively) and the technician who performed the ET (41.1% - 166/404 and 44.6% - 
303/679 for technicians B and C respectively) all considering P>0.05. However, a similar pregnancy rate 
was observed after ET in blastocyst and blastocyst expanded (P<0.05), being of 49.5% - 284/574, 43% - 
71/165 and 28% - 29/103, respectively. The ET in morula and blastocyst initial have the pregnancy rate 
similar (P>0.05). The ET in blastocyst initial and blastocyst have the pregnancy rate similar (28% - 
29/103, 35.3% - 85/241 and 43% - 71/165, respectively, P>0.05). The pregnancy rate was higher in 
receipts already used three to four times for this purpose (P<0.05), than in recipients used once or twice, 
which presented similar pregnancy rate (P>0.05), been 62.64% (57/91), 41.5% (297/715) and 41.5% 
(115/277), respectively. Under the conditions of this study, was conclude that embryo pregnancy rate 
Senepol IVP not influenced by the location of the farm, of the year ET, of the water or dry season or the 
technician. However, the pregnancy rate was higher when the ET was performed with more advanced 
stages of embryonic development, for recipients already used for three to four times. 
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In vitro production (IVP) of bovine embryos presents a variable efficiency and the oxidative stress is cited 
as one of the reasons in this variation. In this sense, the use of natural antioxidants during culture can be 
an alternative to minimize the effects of this phenomenon. Therefore, the aim was to evaluate the 
antioxidant effect of the essential oil of Syzygium aromaticum (EOSA) on the in vitro nuclear maturation 
(IVM) rates of bovine oocytes. The main constituent of EOSA is eugenol. Then, cow’s ovaries were 
collected from slaughterhouses and transported to the laboratory. The cumulus-oocyte complexes (COCs) 
were aspirated and oocytes classified with more than one layer of cumulus cells and homogeneous 
cytoplasm were matured in vitro in TCM199 medium containing 20 μg/mL FSH/LH, 10% fetal bovine 
serum, 1% antibiotics and with antioxidants, according to the five groups: EOSA0 (absence of EOSA), 
EOSA 10 (10 μg/mL of EOSA), EOSA15 (15 μg/mL of EOSA), EOSA20 (20 μg/mL of EOSA) and CYS 
(100 μM of cysteamine). The dilution of EOSA was performed with 0.25% DMSO in IVM medium. 
After 24 h of IVM (38.5°C and 5% CO2), denuded oocytes were evaluated for maturation according to the 
presence of the first polar body and for the antioxidant effect of oil and cysteamine by the labeling with 
H2DCFDA (5 µM) and MitoTracker Red (500 nM) to quantify the levels in units of arbitrary fluorescence 
of reactive oxygen species (ROS) and mitochondrial membrane potential (ΔΨm), respectively. Then, 
matured oocytes were visualized under a fluorescence microscope and images were analyzed with ImageJ 
software. All data were expressed as mean±standard error with nuclear maturation rates and ROS and 
ΔΨm levels being analyzed by the chi-square test and ANOVA followed by Tukey's test, respectively 
(P<0.05). After twelve replicates, no difference was observed in the IVM rate [EOSA0: 69.1%±3.4 
(114/165), EOSA10: 74.7%±4.7 (124/166), EOSA15: 66.2%±3.8 (102/154), EOSA20: 66.9%±5.4 
(105/157) and CYS: 66.1%±4.3 (109/165)]. Moreover, although a numerical reduction can be observed in 
all groups containing the oil or cysteamine, no difference was observed for ROS levels [OESA0: 
1.00±0.14, OESA10: 0.89±0.08, EOSA15: 0.74±0.07, EOSA20: 0.86±0.09 and CYS: 0.76±0.04]. 
Nevertheless, when evaluating ΔΨm, oocytes derived from the EOSA15 (0.73±0.01; P=0.004), EOSA20 
(0.72±0.03; P=0.001) and CYS (0.80±0.06; P=0.04) groups showed significantly lower ΔΨm when 
compared to EOSA0 group (1.00±0.04). Additionally, EOSA20 oocytes showed significantly lower ΔΨm 
when compared to EOSA10 (0.94±0.00; P=0.02). Thus, it is suggested that reduction of ΔΨm in oocytes 
matured in the presence of EOSA15 and EOSA20 can reduce the levels of ROS. Therefore, it can be 
indicated that EOSA at concentrations of 15 and 20 μg/mL promoted a reduction of ΔΨm similar to the 
effect promoted by cysteamine in matured oocytes, and EOSA could be used during IVP in cattle.  
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Intrafollicular transfer of immature oocytes (TIFOI) provides an entirely in vivo environmental condition 
and may be a good alternative to produce embryos in cattle. However, several aspects of the technique 
have yet to be established. The aim of this study was to evaluate if the time in which the oocytes remain 
in the follicle after the TIFOI is enough to allow the oocytes a complete maturation, fertilization and 
embryo development. Ovulators cows were submitted to a standard estrus synchronization protocol, using 
a vaginal progesterone device, estradiol benzoate and prostaglandin. On D8, the progesterone device was 
removed and 52 hours later animals with had a dominant follicles greater than 10 mm was subjected to 
TIFOI A total of 1297 imature oocytes were obtained from slaughterhouse ovaries, in which 609 were 
used for TIFOI and the remainder was used as control. In the control group, the oocytes were placed in 
IVM and IVF was performed at 12, 16 and 22h of culture. For TIFOI 30 to 50 oocytes were transferred to 
ovulator cow, which at 12 h post-injection were recovered by ovum pick up (OPU). The recovered 
oocytes were divided into three groups: one was submitted to IVF immediately after aspiration (12h after 
TIFOI), and the remaining oocytes were placed in IVM for another 4 and 10 hours prior to IVF (16 and 
22h after TIFOI). Oocytes and sperm were co-incubated for 12 h and the possible zygotes were 
transferred to culture drops, where they remained until day 7 (D7). Treatments and number of oocytes per 
treatment were: control 12h (n=223); control 16h (n=229); control 22h (n=236); TIFOI 12h (n=239); 
TIFOI 4h (n=185); TIFOI 22h (n=185). The cleavage (D2) rate, blastocyst rates (D6 and D7) and 
apoptotic index in D7 embryos (Terminal deoxinucleotidyl transferase dUTP nick end labeling [TUNEL]) 
were evaluated. The cleavage and blastocyst rate data were analyzed by Chi-square test (P<0.05). The 
total number of cells, apoptotic index and ratio between the two were analyzed by ANOVA and Tukey's 
test (P<0.05). The blastocysts rate on D7 was similar (P>0.05) among the control groups (control 
12h=35.4%, control 16h=36.7% and control 22h=40.7%), as well as among TIFOI groups (TIFOI 
12h=18.8%, TIFOI 16h=17.3% and TIFOI 22h=21.6%). The blastocysts rate on D7 was higher (P<0.05) 
in the control groups than in the TIFOI groups. Regarding the total cells number, there was no difference 
(P>0.05) among all groups. The percentage of apoptotic cells in the TIFOI 22h group (4.1%) differed (P 
<0.05) only from the control 12h (7.2%) and control 16h (7.1%) and did not differ from the others 
(P>0.05) (control 22h=6.3%, TIFOI 12h=5.1%, TIFOI 16h=6.3%). Despite the lower embryonic 
development, observed in the TIFOI group, it can be concluded that the time of 12 hours is sufficient for 
the oocytes to be ready to be fertilized and to develop to blastocyst stage. It seems that the time after the 
injection to fertilization is not the main obstacle for the embryonic development.  
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During the preparation of the follicle for ovulation and during maturation of the cumulus-oocyte 
complexes (COC) an increase of PGE2 and PGF2α levels occurs in the follicular fluid of several species, 
suggesting that these substances play an important role in those processes. Studies have reported that 
oocytes from large follicles have greater developmental capacity than oocytes derived from small 
follicles, resulting in high rates of in vitro embryo production. The aim of this study was to determine the 
level of transcripts for genes involved in the activity of PGE2 and PGF2α and to evaluate whether their 
expression profile varies during maturation according to the competence level of the COCs. The ovaries 
were collected in local slaughterhouses and the COCs were obtained from follicles of 1.0-2.9 mm 
(incompetent oocytes; INC) and 6.0-8.0 mm of diameter (competent oocytes; COM) by dissection, and 
from aspirated 3-8 mm diameter follicles as the control (CTL). The expression pattern of the PTGS2 
(PGE2 and PGF2α synthesis), PTGES1 (PGE2 specific synthase) and AKR1B1 (PGF2α specific 
synthase) were evaluated in cumulus cells (CCs) and PTGER2 (PGE2 specific receptor) and PTGFR 
(PGF2α specific receptor) in oocyte from COCs of different categories. For each group four pools of CCs 
obtained from 17 COCs and three pools of 6 oocyte were used for gene analysis by RT-qPCR.The 
expression values were normalized using GAPDH for CCs and PPIA for oocytes as constitutive gene data 
of the gene expression were analyzed by analysis of variance and Tukey's test or by Kruskall-Wallis and 
Mann-Whitney, if they presented normal or non-normal distribution, respectively. Initially, levels of 
transcripts of genes before and after IVM were compared in CCs of the different groups of COCs, the 
results showed that after 24 hours of IVM the expression of PTGES1 increased (P<0.05) in the INC and 
COM groups, and that of PTGS2 in the INC group. Regarding the AKR1B1 gene the expression level 
decreased in the INC group (P<0.05). When the expression of genes was compared between CCs from the 
different groups of COCs at the same time of maturation (0 or 24 hours), the level of transcripts of all 
genes evaluated were similar between groups (P>0.05), both at 0 and 24 hours of IVM. With the 
exception of the PTGS2 gene, which presented lower expression in the COM group (P<0.05) than the 
INC and CTL groups at 24 hours. Subsequently, the expression of the PTGER2 and PTGFR genes was 
quantified in oocytes from the three groups of COCs, however they were not detected. Based on the 
results it can be concluded that although the specific receptors of PGE2 and PGF2α are not expressed in 
oocytes, genes related to the synthesis of these PGs are differentially expressed during maturation and the 
PTGS2 gene showed to be a good marker for competence of mature COCs.  
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Among commercial reproductive biotechnologies, in vitro production technique (IVP) is an important 
tool for multiplying superior merit genetic material. Instability in the success of IVP embryo transfer is 
still a point to be adjusted. Thus, the objective was to evaluate the effect of the embryo development stage 
on the conception rate (CT) of embryos in vitro in Nelore and Wagyu breeds. A retrospective study of 
IVP data (June/17 to April/18) of pure embryos of Nelore (Bos indicus) and Wagyu (Bos Taurus) breeds 
was carried out, and the recipients were crossbred. The results of 1632 embryo transfers (677 Nelore and 
952 Wagyu). The IVP was performed in the laboratory by viable oocyte maturation (22-24h) in TCM 199 
(10 % SFB, FSH 0.1μg / mL and LH 50μg / mL); the in vitro fertilization in TALP-IVF medium (22-24h) 
with 1x106 spermatozoa/mL of Nelore or Wagyu pure bulls, each to fertilize the oocytes of the 
corresponding race. Cultivation in SOF medium (10% FBS and 5mg/ml BSA) at 38.3°C, maximum 
humidity (5% O2, 5% CO2 and 90% N2). On day 7, viable embryos were classified in developmental 
stages: initial blastocyst (Bi), blastocyst (Bl), and expanded blastocyst (Bx); and all viable embryos of 
these stages were innovated in the recipients. After 30 days of fertilization, the gestation diagnosis was 
performed to determine the conception rate. The chi-square test was applied in each breed to assess the 
homogeneity of Bi, Bl and Bx ratios, and also between breeds. Total CT was similar in Nelore 36.63% 
(248/677) and in Wagyu 33.93% (323/952). In the evaluation of the embryo stage the Nelore CT was all 
different - Bi: 17.44% (15/86); Bl: 34.55% (114/330); Bx: 45.59% (119/261). In the Wagyu embryos CT 
also differed in the stages -Bi: 13.54% (26/192); B1: 34.68% (155/447) and Bx: 45.37% (142/313). The 
comparison between the races did not reject the hypothesis of different conception rates (p-value = 
0.1991), indicating that the Wagyu breed follows the same pattern of successful design of embryos 
produced in vitro as the Nelore breed. In summary, in the statistical analyzes of the embryonic stages for 
both races the hypothesis of homogeneity (p-value <0.001) is rejected, indicating that there was a 
significant difference between the embryonic stages in both races. Thus, the chance of gestation is 1.9 
times higher in the embryo at the blastocyst stage, reaching 2.5 times higher in embryos in the expanded 
blastocyst stage, when compared to the initial blastocysts. Therefore, to obtain regularity in the CT of an 
IVP program, the ideal methodology would be prioritize the embryos transfers in stages of more 
advanced blastocysts, Bl and Bx. This criterion reduces the initial gestational losses in recipients by 
increasing the efficiency and sustainability of production. 
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The aim of this study was to evaluate effects of breed, physiological state and age of oocyte donors on 
blastocyst production (BlxR) and pregnancy (PxR) rates after embryo transfers (ET). The breeds of 
donors from Nelore (NE) (n= 114), Gir (GI) (n= 116), Girolando (GO) (n= 61) and Senepol (SE) (n= 82) 
breeds with different physiological states (heifers, non-lactating cows, lactating cows for up to 100 days, 
101 - 205 days and over 205 days) and age groups (0 - 12 months, 13 - 24 months, 25 - 36 months, 3 - 8 
years and more than 8 years) were used. The blastocyst rates were assessed 168 hours after insemination; 
the IVP procedures were carried out in Embriza laboratory (Campo Grande, Mato Grosso do Sul, Brazil) 
and the media were produced by Cenatte Embriões laboratory (Pedro Leopoldo, Minas Gerais, Brazil). A 
total of 1274 ET were carried out between March and August of 2017. The PxR was confirmed by 
ultrasonography 45 days after the transfer. The effects of breed, physiological state and age on BlxR and 
PxR were tested by analysis of variance and the means were compared by SNK test (P<0.05). The effects 
of the interactions between breeds and physiological states were similar for NE, GI and GO breeds. There 
were, however, differences between others breeds and the SE. Effects of breed and physiological state, on 
BlxR and PxR were detected (P<0.05). There was no effect of age on either BlxR or PxR. The BlxR and 
PxR results obtained from NE (36.8±26.7 and 49.8±32.2), GI (34.2±28.1 and 55.6±35.5) and GO 
(32.0±27.3 and 38.05±27.8) respectively, were superior to those obtained from SE (25.1±24.4 and 
34.4±33.8). Regarding physiological state, the non-lactating and up-to-100-day lactating cows showed 
superior BlxR results (40.7±28.4 and 37.2±25.5, respectively), whereas the results for heifers, 101-to-
205-day and over-205-day lactating cows were inferior (25.5±25.1, 28.2±24.5 and 23.6±27.8, 
respectively). The PxR means according to physiological state were superior in cows lactating for over 
205 days (55.6±33.1), while heifers exhibited the lowest averages (32.9±32.7). The other categories 
exhibited average values and did not differ among the groups. The inferior performance of SE (Bos 
Taurus taurus) oocyte donor cows in comparison to the zebuine breeds (Bos indicus) (NE e GI) or Bos 
taurus indicus (GO) has been confirmed in relation to BlxR and PxR in IVP programs. Due to their better 
performance, non-lactating or up-to-100-day lactating cows are recommended to improve BlxR in IVP 
programs. More studies are needed to confirm the use of cows lactating for over 205 days as donors in 
order to obtain superior pregnancy rates after ET.  
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The in vitro embryo production of bovine has been one of the main methodologies used to multiply 
animals with superior genetic merit. The goal of this trial was to study the effect of progesterone (P4) and 
the resynchronization of Nellore recipients, two experiments were performed. In experiment 1, 
multiparous cows of the Nelore breed (n = 396) were initially submitted to a conventional protocol for 
fixed-time embryo transfer (TETF), they received first-use CIDR plus 2 mg of estradiol benzoate in D-11. 
In D-8, all animals received 12.5 mg of dinoprostrometamine, 0.5 mg of estradiol cypionate, 300 IU 
equine chorionic gonadotropin, and withdraw of the implant. In D8, the recipients were evaluated by 
ultrasonography (U.S.) and TETF. For the control group (T1) (n = 132) the animals did not receive any 
type of progesterone supplementation. In contrast, the treatment group (T2) (n = 137) in the TETF 
received a previously used CIDR device, remaining for thirteen days, in order to evaluate the effect of 
progesterone supplementation of the animals. The diagnosis of gestation (DG) for both groups were 
performed in D31. The results showed that there was no effect (P>0.05) of the P4 supplementation in 
relation to the conception rate (control 37.9%, treatment 39.7%), as well as for CL diameter (control 17.5 
± 3.2mm , treatment 18.1 ± 3.4mm). Experiment 2 was performed using the animals with negative DG 
from the previous experiment, evaluating the hypothesis of resynchronization of the animals that received 
the implant for thirteen days, in an attempt to make them for a second TETF. The formation of the control 
group, coming from the negative result of the T1 of experiment 1 (n = 69), in the same direction, for the 
formation of the animals of the treatment group, came from the T2 group of experiment 1 (n = 74). Thus, 
only the recipients who presented LC received a new embryo. The DG for experiment 2 was performed 
23 days after TETF2. There was no statistical difference between the two groups for conception rates (T1: 
22.2% vs T2: 35.7%, P>0.05), recipient use, and LC diameter. However, there was similarity in 
conception rate between conventional TETF of experiment 1 (38.8%) and resynchronization protocol in 
experiment 2 (35.7%). This result shows that resynchronization may be an innovative strategy for the 
application of current TETF programs. 
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The aim of this study was to evaluate the effect of different oxygen tensions on in vitro production of 
bovine embryos. The ovaries were collected from local slaughterhouse and transported to the laboratory 
in 0.9% NaCl solution plus antibiotics at a temperature of 35-37°C. Follicles 3-8 mm in diameter were 
punctured and the cumulus-oophorus complexes (COCs) recovered were classified according to the 
appearance and distribution of cumulus cells and cytoplasmic uniformity. Only the COCs classified as 
Grade 1 and Grade 2 were used. After selection, the COCs were divided into two groups: HIGHO2 
(HIGH oxygen tension - 20% O2) and LOWO2 (LOW tension of O2-5%), matured in vitro (IVM - MIV - 
TCM 199 + 10% de FCS + Sodium pyruvate + FSH + LH + amikacin. Matured oocytes were fertilized in 
vitro with semen prepared using Percoll and were fertilized (HTF + BSA + Sodium pyruvate + Caffeine, 
Heparin, Penicillamine, Hypotaurine, Lepinephrine, Amikacin). Presumptive zygotes were cultured in 
vitro (SOFaa +hmyo-inositol+Sodium Pyruvate+BSA+ FCS + Amikacin) according to the treatments, 
where they remained for 9 days. All steps of in vitro embryo production (PIVE) were performed at LOW 
or HIGH O2 tension. In this experiment 11 replicates, in a total of 562 oocytes, were performed and in 
each of them the two groups were tested simultaneously. The variables evaluated were D3 cleavage rate 
(n° cleavage/COCs), blastocyst rate in D7 (n° blastocysts/COCs) and hatch rate in D9 (n° hatched/ n° 
blastcysts), all expressed as percentage. The percentages were transformed using sine-arc. The data were 
submitted to analysis of variance (ANOVA) using the statistical program R. There was an effect (P<0.05) 
of the oxygen tension in the cleavage rate (88.4% HIGHO2 (252/282) vs. 78.5% LOWO2 (226/280). On 
the other hand, there was no effect (P>0.05) on the rates of blastocysts (31.2% HIGHO2 (89/282) vs. 
27.1% LOW2 (78/280). However, the D9 hatching rate was higher (P<0.05) at the LOW O2 tension (31% 
HIGHO2 (35/113) vs. 43.6% LOWO2 (44/101)). It was concluded that IVP performed in incubator with 
LOW oxygen tension generated a lower cleavage rate but a higher hatching rate of blastocysts and 
therefore better embryos quality. 
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There is evidence that conditioned medium (CM) obtained through mesenchymal stromal cells (MSCs) 
culture contains proteins with tissue remodeling activity and also improves cell proliferation rate. Embryo 
culture system has a dramatic effect on the mRNA expression of several important genes for embryonic 
development as OCT4 and CDX2 and genes related to apoptosis as HSP70 and BAX. This study aimed to 
evaluate the rate of gene expression of HSP70, BAX, OCT4 and CDX2 genes in bovine embryos 
produced in vitro in different culture media. MSCs derived from bovine endometrium were obtained by 
enzymatic digestion. Cells were plated and cultured in medium composed of 80% DMEM/F12, 20% FBS, 
antibiotics and antimicotic until 70% confluence. To obtain the CM, bottle was washed five times with 
PBS and the culture medium replaced with medium without FBS for 96 hours. The CM obtained was 
centrifuged, filtered and stored at -80ºC. Cumulus-oocyte complex (COC) (n=20/drop) of grade I and II 
obtained from slaughterhouse ovaries were selected in Dulbecco’s modified PBS containing FBS and 
transferred to TCM HEPES. COCs were matured in vitro with TCM199 with pyruvate, FSH, antibiotics 
and 10% of FBS. IVM was performed in petri dishes with 90 μL droplets, covered with mineral oil at 
38.5ºC and 5% CO2 in humidified air for 24 hours. IVF was performed in FIV-fert in a concentration of 
2x106 sperm/ml. Presumptive zygotes were cultured in SOFaaci (supplemented with antibiotics and 
amino acid) with the respective addition of 0,5% BSA (BSA), 0,5% BSA + 2,5% FBS (FBS) and 0,5% of 
BSA + 20% CM (CM). The parameters analyzed were embryo development and temporal expression of 
genes related to embryo quality (HSP70, BAX, OCT4 and CDX2). Data were normalized using the 
reference gene PPIA and analyzed by analysis of variance (ANOVA). Tukey test was used to compare the 
means. Groups BSA (n=223) and FBS (n=198) showed a higher (P=0.0014) blastocyst production rate 
compared to group CM (n=265), 28, 42 and 16% respectively. The results of gene expression were 
obtained from 5 replicates (3 expanded blastocyst/pool) from each group. Genes evaluation showed the 
same (P>0.05) expression pattern in the three different groups. With the presented results it is possible to 
conclude it is feasible to produce bovine embryos in culture medium without FBS. Moreover, the CM 
produces similar quality embryos compared with FBS. 
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The mRNAs stocks present in the oocyte at the time of its removal from the follicle is associated with its 
developmental competence. Considering that high acetylation allows gene transcription, we hypothesized 
that the presence of a deacetylase inhibitor prior to IVM would allow a greater accumulation of RNA 
improving oocyte competence. The objective of this study was to evaluate the effect of Scriptaid, a 
histone deacetylase inhibitor, during pre-IVM (PMIV) and/or IVM in the in vitro embryos development 
in bovine. Cumulus-oocyte complex (COC's) were obtained from slaughterhouse ovaries and were 
submitted to PIVM for 6 h using 100nM of C-type natriuretic peptide (NPPC), in the presence or absence 
of 500nM of Scriptaid. COCs were divided into 5 groups: T1-IVM for 22h; T2-PIVM for 6 h and IVM 
for 22 h; PIVM with Scriptaid for 6 h and IVM for 22 h; T4-PIVM for 6 h and IVM with Scriptaid for 22 
h; and T5-PIVM with Scriptaid for 6 h and IVM with Scriptaid for 22 h. Nuclear maturation, cumulus cell 
expansion, embryo development and embryo quality (differential cell staining) were evaluated. Data from 
nuclear maturation and embryonic development were evaluated by Chi-Square (P<0.05). Differential 
staining and cumulus cell expansion data were evaluated by ANOVA and, when non-parametric by 
Kruskal-Wallis (P<0.05). All treatments submitted to PMIV, when evaluated at the beginning of 
maturation (0 hours), presented the majority of their oocytes at germinal vesicle stage (T2= 87%, 47/54, 
T3= 85%, 41/48) 0.05) which was similar to the control group (T1= 96%, 66/69). After 22 hours of IVM, 
all groups had the majority of oocytes at metaphase II (T1= 94%, 56/57, T2= 96%, 46/48, T3= 92%, 
48/52, T4= 96% 52/54 (P> 0.05), except for T5 (88%, 47/56), which presented a lower rate than the T1 
(P<0.05). Cumulus cell expansion was similar between groups, with the exception of T5 which had a 
lower (P <0.05) expansion than T2. Regarding to embryo development at D7, T3 (32%, 65/203) had a 
lower rate than T2 (37%, 71/190) but was similar to control (35%, 82/236). The groups receiving 
Scriptaid in IVM (T4 = 23%, 47/207 and T5= 18%, 32/177) had lower rates of blastocysts (P <0.05) then 
the other treatments (T1 = 35%, T2 = 37% and T3 = 32%). Embryos from T5 (165, n= 30) presented 
lower amounts of cells (p <0.05) in comparison to T1 (192.59, n = 39) and T3 (189.53, n = 32). In 
relation to the proportion of internal cell mass and total cells, the T5 group also presented lower (p <0.05) 
the number of embryos with a proportion of 20-40% of internal cell mass (T5 = 67%, 20/30) in relation to 
the T1 group (87%, 34/39). It can be concluded that the presence of Scriptaid in PMIV and IVM 
simultaneously affects nuclear maturation, cumulus cell expansion, embryo development and embryo 
quality. 
Support: Embrapa e CAPES. 
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The production of in vitro bovine embryos (IVP) results in a good amount of great quality surplus 
embryos. This is a problem for the embryo industry because the cryopreservation techniques for in vitro 
embryos are not well establised and surplus embryos should be discarded. Given the current need to 
develop a more sustainable processes, it would be essential studies that would be able to detect the actual 
loss of embryos in the IVP. The aim os this reserch was to evaluate the discard of bovine embryos 
produced in vitro from a retrospective study of the embryo surplus production from a commercial 
database, introducing proposals to reduce production losses. A retrospective study of the IVP of embryos 
using a historical series of 5 years with 3238 aspirations was used from a data bank of a comercial 
laboratory. In the laboratory the IVP was performed by the processes of maturation, fertilization and in 
vitro culture. On the seventh day of culture the blastocysts were evalueted through viability for transfer, 
being part innovated in the recipientes and the surplus discarded. Descriptive statistics was used to 
perform data analysis. The rates of viable embryos and vable embryos discarded were, respectively: 2013 
– 29% (2312/7905) and 7% (167/2312); 2014 – 34.4% (1824/5308) and 11% (195/1824); 2015 – 37.1% 
(3100/8355) and 21% (559/3100); 2016 – 30.1% (2165/7192) and 22% (598/2624), observing a large 
variation in the rate of discarded embryos over the series (7%, 11%, 21%, 32% and 22%). In five year 
historical series the total embryo production was 31.8% (40694/12931) and 16% (2090/12931) of surplus 
production. This was due the average production of the embryos have exceeded the synchronized 
receivers available. Analyzing economically, in vitro embryo discarding practice generates a loss of 
product and a lower profitability, consequently. In the environmental focus, the practice of discarding 
contributes to the waste of materials as well as unnecessary resource and energy consumption. The 
analyzed series indicates that on average 1/6 of the production of embryos in vitro is discarded, being able 
to reach up to almost 1/3 depending on the year. In short term, aiming at this loss of production it is 
proposed for these surplus embryos to carry out a planning to measure the number of the recipientes 
synchoronized by aspiration taking into account the race, folicular population or the history of aspirations 
of the donor. In long term the idea would be to establish an efficient embryonic cryopreservation 
technique.
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The anatomical-physiological specificities of buffalo species such as smaller ovaries, reduced follicular 
population and quality of recovered oocytes directly affect the efficiency of OPU-PIVE programs. The 
objective was to verify, in buffaloes, embryo development and cleavage rates in the PIVE with the use of 
refrigerated semen (RS) in the TRIS extender medium with 10% low density lipoprotein (LDL), 0.5% soy 
lecithin (LS) and with 10 mM of the antioxidant Acetylcysteine (NAC), compared to frozen semen (FS) 
with the same medium. The experiment occurred in the state of Minas Gerais (latitude 19o37'05" S and 
longitude 44o02'35" O). Three bulls (Murrah) were used, each ejaculate being aliquoted in two equal parts 
(refrigerated at 5ºC/24 hours and frozen). Sperm motility and kinetics were evaluated at CASA and sperm 
membrane integrity by the hyposmotic test (HOST). The evaluations were performed at 0 hs (post-
dilution at 37ºC), 4 hs (equilibrium up to 5oC), 24 hs (refrigeration at 5ºC) and post-thawing. For the 
OPU, 25 Murrah buffaloes were aspirated. The aspiration sessions occurred from September to November 
2017. A total of 239 oocytes were distributed in three sessions: 1st (102), 2nd (80) and 3rd (57). Oocytes 
were placed in wash medium (TCM 199 Hepes + 10% SFB + 22 μg/mL pyruvate + 83.4 μg/mL 
amikacin). They were matured in an incubator (38.5°C, 5% CO2, 95% humidity) for 24 hours. The TALP 
fertilization medium supplemented with 83 μg/mL amikacin, 44 μL/mL PHE solution (penicillamine 68 
μg/mL, hypotaurine 25 μg/mL, epinephrine 8.1 μg/mL), 0.6% BSA, 0.2 mM sodium pyruvate and 10 
μg/mL heparin) and subsequently fertilized for 21 hours with 8 μL of semen (±0.4×106 SPTZ). The 
zygotes were stripped and then cultured in SOF medium for 72 hours. The embryo cleavage rates were 
assessed after 72 hours (D3) and blastocyst rates were observed 148 hours (D6) after IVF. Statistical 
analysis of the semen was used the package STATA 12.0 (Statacorp, 2012) and Test T (means of two 
independent samples). For the IVF variables (cultured oocytes, cleaved and produced embryos) the Z-
Test was used (P<0.05). The SR/24 hours used had progressive motility of 64.3±6.1 and SC 41.3±4.0% 
and HOST of 89.9±1.5 and 58.6±2.5% for SR and SC, respectively. The results obtained for SR and SC 
(P<0.05) were: a) cultured oocytes = 86.4a (102/118) and 76.0b (92/121); b) cleaved oocytes = 34.3a 
(35/102) and 25.0b (23/92) and c) embryos produced = 29.4a (30/102) and 18.5b (17/92). It was concluded 
that in the PIVE of buffaloes, the results obtained with refrigerated semen were superior to those of 
frozen/thawed semen. 
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Ovarian reserve and DNA damage in oocytes and granulosa cells of GH deficient Ames 
Dwarf mice 
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Ames Dwarf mice (df/df) have a defective Prop1 (Prophet of Pit1) gene, which impairs anterior pituitary 
gland development, resulting in deficient growth hormone (GH) secretion (Andersen et al., Reproductive 
Biology, 172: 494-503, 1995). As a result, df/df mice have very low levels of circulating insulin-like 
growth factor I (IGF-I), are smaller and live around 30-65% longer than Normal littermates (N) 
(Chandrashekar, V., Bartke, A., Reproductive Biology, 3: 7-28, 2003). The aim of this study was to 
evaluate the number of follicles in primordial, primary, secondary and tertiary stages, as well as the level 
of DNA damage in oocytes and granulosa cells in primordial and primary follicles in 6 month-old df/df 
and N mice. Ovaries of N (n =5) and df/df mice (n = 5) with 6 months of age were used for the 
experiments. For histological evaluation, ovarian samples were dehydrated and sectioned with a 
microtome. Slides were then stained with hematoxylin and eosin. Sections were cut for 
immunofluorescence staining as well. Ovarian sections were analyzed for numbers of follicle using an 
optical microscope, at 10x and 40x objectives. For immunofluorescence analysis, the ovarian samples 
were deparaffinized with xylene and rehydrated with graded alcohols. The primary antibody used was 
anti-Histone H2A.X (phospho S139) (dilution 1:500; ab81299; Abcam Ltd., Cambridge, USA) and for 
the secondary antibody Alexa Fluor® 488 (dilution 1:500; ab150077; Abcam Ltd., Cambridge, USA), 
DNA was stained with DAPI (Sigma-Aldrich, St. Louis, USA). H2AX staining was evaluated according 
to number of fluorescence foci present in the cell nuclei. Statistical analyzes were performed with 
GraphPad Prism 7 software (La Jolla, San Diego, USA). The T-Test was used for all analyzes, assuming a 
significance level of 5%. GH deficient df/df mice had a higher number of primordial follicles (P=0.002) 
and lower number of primary, secondary and tertiary follicles (P=0.02, P=0.005 and P=0.019, 
respectively). The total number of follicles was not different between df/df and N mice (P=0.115). Df/df 
mice had a lower number of H2Ax foci than normal mice in primordial and primary oocytes (P<0.0001 
and P=0.004, respectively), suggesting decreased DNA damage. Df/df mice also had fewer H2Ax foci 
than N mice in granulosa cells of primordial and primary follicles (P=0.004 and P=0.0006, respectively). 
In conclusion, GH deficient df/df mice were found to have a higher number of primordial follicles 
compared to N mice, indicating that the deficiency of GH and IGF-I impairs primordial follicle activation 
and increases the ovarian longevity. In addition, df/df mice have reduced DNA damage foci, suggesting 
that oocytes from these animals may present higher quality and consequently a better capacity to 
overcome aging-induced damages. 
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Oxidative stress in bovine ovarian tissue cultivated in different in vitro systems 
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Oxidative stress results from the imbalance between the levels of reactive oxygen species (ROS) and 
antioxidants. Thus, ROS are important molecules in the context of cell culture. The objective of this work 
was to quantify the production of ROS in four different methods for in vitro culture of preantral follicles 
of the bovine species. Ovaries (n=12) were collected from a local slaughterhouse, from cyclic Nellore 
females. After collection, the ovaries were washed with 70% ethanol and PBS. The surrounding ovary 
tissue was removed, and the ovarian cortex was divided in fragments (n=9) of 5x5x1 mm. One fragment 
per animal was conditioned at -81°C (control) and the other fragments (n=8) were randomly distributed 
into four groups: i) standard culture, in culture plate; ii) culture with agarose gel support; iii) culture with 
agarose gel on the plate; and iv) Millicell culture (Millipore Corp., Bedford, USA). The fragments were 
individually cultured in minimal essential medium (MEM, Gibco) supplemented with ITS, pyruvate, 
glutamine, hypoxanthine, BSA (Gibco), penicillin and streptomycin. Culture methods were tested for six 
(D6) or fourteen (D14) days, with medium exchanges every two days. The levels of ROS and antioxidant 
capacity of the sample in avoiding the production of ROS were quantified by colorimetric assay of the 
superoxide anion by the reduction of nitroblue tetrazole (NBT) and 2,2 V azinobis (3-
ethylbenzothiazoline 6-sulfonate; ABTS) cation sequestration, respectively. Statistical analysis was 
performed by one-way ANOVA and Tukey post-test (P<0.05). It was observed that all samples cultured 
by the four methods presented reduction of superoxide anion levels and antioxidant capacity when 
compared to the control group. In D6, gel culture method on the plate showed higher levels of superoxide 
anion when compared to the others (mean±SEM = 5.37±0,1in the standard culture, 5.06±0,2 in the culture 
with gel support, 6.64±0,5 in the culture with gel on the plate and 4.69±0.1 OD/mg protein in Millicell 
culture). In D14 the same was observed for the gel culture method on the plate, with higher levels of 
superoxide anion when compared to the standard method (6.42±0.7 and 4.61±0.2 OD/mg protein, 
respectively). On the other hand, no significant difference was observed in the antioxidant capacity of the 
culture methods in D6. In D14 it was observed that the gel method on the plate presented lower 
antioxidant capacity when compared to the standard methods, gel support and Millicell (70.85, 85.17, 
47.78 and 86.43 Trolox equivalent/mg protein, respectively). We conclude that the method of agarose gel 
culture on plaque results in greater oxidative stress on preantral follicles, an aspect that can compromise 
cell integrity. 
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This study aimed to evaluate the effect of antioxidant α-lipoic acid addition in the media for in vitro 
culture of preantral follicles of Bos taurus indicus females. Six pairs of ovaries of cyclic adult Nelore 
females were collected at the local slaughterhouse, with a body score ranging from 3 to 3.5 (range 0 to 5). 
Ovaries were washed in 70% ethanol and ovarian cortex was divided into fragments about 3x3x1 mm. 
One fragment per animal was immediately fixed in Bouin (non-cultured control, D0). The others 
fragments (n=8) were individually cultured in 24-well culture dishes containing 1 ml of minimum 
essential medium (MEM, Gibco BRL, Rockville, MD, USA; osmolarity 300 mOsm/l, pH 7.2) 
supplemented (MEM+) with ITS (6.25 mg/ml insulin, 6.25 mg/ml transferin, and 6.25 ng/ml selenium; 
(Sigma, St. Louis, MO, USA)), 0.23 mM pyruvate (Sigma, St. Louis, MO, USA), 2 mM glutamine 
(Gibco BRL, Rockville, MD, USA), 2 mM hypoxantina (Sigma, St. Louis, MO, USA), 1.25 mg/ml 
bovine serum albumin (BSA Gibco BRL, Rockville, MD, USA), 20 IU/ml penicillin (Sigma, St. Louis, 
MO, USA) and 200 mg/ml streptomycin (Gibco BRL, Rockville, MD, USA). MEM + medium was added 
to different concentrations (50, 100 and 250 ng/ml) α-lipoic acid (Sigma, St. Louis, MO, USA). The in 
vitro culture medium was tested by six (D6) or twelve (D12) days. Every two days, the culture media 
were replaced by fresh aliquots. For the analysis of integrity and degree of follicular development, we 
used histology staining with periodic acid-Schiff (PAS) and hematoxylin. The classification was based on 
the evaluation of follicular development stage (primordial, primary and secondary) and morphological 
integrity as normal or degenerated. Data were submitted to ANOVA test (P≤ 0.05). We evaluated 1620 
preantral follicles (normal or degenerated), being 362 primordial and 1258 in development. After six days 
of culture, the concentration of 100 ng/ml α-lipoic acid showed a higher proportion (40%; 72/180) of 
follicles morphologically intact when compared to the other tested concentrations: 16.11% (29/180) to 
MEM; 19.44% (35/180) to 50ng/ml; 20% (36/180) to 250 ng/ml (P<0.05). After twelve days of culture, 
the concentration of 100 ng/ml α-lipoic acid again showed a higher proportion (31.11%; 56/180) of 
follicles morphologically intact when compared to the other tested concentrations: 14.44% (26/180) to 
MEM; 25.55% (46/180) to 50ng/ml; 8.33% (15/180) to 250 ng/ml (P<0.05). About the percentage of 
developing follicles, there was no difference between the treatments, for the cultivation of six or twelve 
days. Therefore, MEM+ supplemented with 100 ng/ml α-lipoic acid for two or six days of in vitro culture 
was the most effective treatment to provide the morphological integrity of preantral follicles.  
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Nellore females with low antral follicle count show higher conception rates to FTAI 
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The number of ovarian antral follicles is a determining characteristic in bovine females. The association 
of this factor with fertility measures is observed in Bos taurus (Ireland et al., Biology of Reproduction, 
79: 1219-25, 2008), while in Bos indicus there are still controversies (Morotti et al., Animal 
Reproduction, 12: 479-86, 2015). The antral follicle count (AFC) has been shown to be a potential tool 
used to select females in order to optimize results in reproductive programs such as FTAI (Evans et al., 
Reproduction in Domestic Animals, 47: 31-7, 2012). The objective of the present study was to 
characterize the ovarian follicular population of Nellore females and to evaluate its effect on the 
conception rate in FTAI programs and to correlate this characteristic with the size of the dominant follicle 
and the intensity of estrus. The ovaries of 435 Nellore females were evaluated by ultrasonography using a 
multifrequency transrectal transducer SonoScape A5 VET® on random days of the estrous cycle. 
Females were classified according to CFA in low AFC group (B; ≤ 15 follicles), mean AFC (M; 16 to 30 
follicles) and high AFC (A; ≥ 31 follicles). All the females evaluated were submitted to FTAI protocol 
and gestation diagnosis. GLIMIX (SAS) was used for the statistical analysis, when the Tukey-Kramer test 
was applied (P≤0.05), and then the Pearson correlation test and the logistic regression were performed. 
AFC, age of females, semen used in crosses, body condition score (BCS) and farm of origin were 
included in the statistical model, however, only AFC and age had an effect (P≤0.05) on conception rate. 
In addition, for AFC, no correlation was found with the size of the dominant follicle (r = -0.26, P= 0.096) 
and the intensity of estrus expression (r = 0.15, P= 0.164), measured by the intensity of the ink on the 
lumbar region of the females on AI day. In terms of performance of the matrices in the FTAI programs, a 
higher conception rate was observed for group B, which presented 48.9% (43/88), followed by group M 
with 42.7% (119/279) and group A with 32.4% (22/68). 64% (279/435) of the animals evaluated in this 
study had mean AFC (M) and this group had no statistical difference in conception rate with the other 
groups (B and A), but the difference was evident (P≤ 0.05) between groups A and B. Logistic regression 
revealed an inverse relationship between AFC and conception rate, that is, the estimated probability of 
conception rate increases as the CFA becomes lower. It is concluded, therefore, that Nellore matrices with 
AFC ≤ 15 follicles present the best conception rates to the FTAI and that this characteristic can be used as 
selection criterion to improve the fertility indexes to FTAI. Acknowledgments: CAPES, Fundect, São 
Judas Tadeus and Arizona Farms, Real H. 
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Effect of melatonin on gene expression of bovine cumulus cells 
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Melatonin (MLT) is synthesized in pineal gland and can act on reproductive competence, has antioxidant 
and antiapoptotic activities and influences different cell signaling pathways. In a previous study, MLT 
was able to influence the lipid content in bovine oocytes in the early hours of maturation (9h) coinciding 
with meiosis resumption. Cumulus cells (CC) may affect lipid content in oocytes and present receptors 
for MLT. Thus, the aim of this study was to evaluate the effect of the addition of MLT during the in vitro 
maturation (IVM) on the expression of genes related to lipid metabolism, as well as antioxidants, 
expansion activity and FSH receptor in bovine CC. Pools of 25 to 30 cumulus-oocyte complexes were 
randomly selected and submitted to IVM in TCM 199 supplemented with 11 µg/mL sodium pyruvate, 10 
µg/mL gentamicin and 3 mg/mL BSA (negative control; NC) or added with hormones: 0.5 µg/mL FSH 
(positive control; FSH) or MLT (10-11, 10-9 and 10-7M). After 9 hours, CC were collected and evaluated 
by real-time quantitative PCR for ATGL, CPT1B and PLIN2 (lipid metabolism); GPX4, SOD1 and 
SOD2 (antioxidant); HAS1, HAS2 and PTX3 (expansion); FSHR transcripts. To normalize the gene 
expression data, the geometric mean of ACTB, GAPDH and PPIA was used. Relative expression levels 
were calculated by the comparative method of 2-ΔΔCt (Livak et al., Methods, 25:402-8, 2001). Statistical 
analyses were performed by ANOVA, followed by Tukey’s test (4 replicates) with 5% significance level 
(GraphPrism software). For lipid metabolism, only FSH increased (P<0.0001) transcripts for PLIN2 when 
compared to NC and MLT treatments. Antioxidant transcripts were increased (P<0.05) also in FSH when 
compared to NC and MLT groups for GPX4 and SOD2 genes. For expansion-related transcripts HAS1 
and HAS2, FSH was about 10 times more abundant (P<0.0001) in relation to NC and MTL groups. 
However, for FSHR transcripts, FSH treatment decreased its abundance (P<0.05) in comparison to NC 
and MLT groups. For the others transcripts evaluated (CPT1B, ATGL, PTX3 and SOD1) there was no 
difference between treatments (P> 0.05). In conclusion, under the conditions studied, MLT was unable to 
affect the gene expression in CC during the initial 9 hours of IVM. FSH influenced CC expression for 
transcripts related to expansion and its own receptor, as expected, but also affected those related to lipid 
metabolism and antioxidants. During IVM, MLT has shown different results in diverse studies and it can 
be related with culture conditions. Additional studies will be performed at 24h on IVM to investigate the 
MLT role in CC and oocytes as well. Acknowledgment: FAPESP (HF- 2016/24884-3, LS, DMP, FCC, 
scholarships; CLVL, financial support 2015/20379-0). 
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During oogenesis, the oocyte undergoes an increase in volume of more than one hundred times, reaching 
a diameter larger than 70 µm by the time its growth is ended. Oocyte growing is supported, among others, 
by proliferation of surrounding granulosa cells, which closely interact with the gamete. Towards studying 
oogenesis, this work aimed at setting up in our laboratory a system for in vitro culture of mouse 
Granulosa-Oocyte Complexes (GOCs). In addition, we tested the effect of the supplementation with FSH 
and cilostamide (phosphodiesterase inhibitor) on GOC development. To this end, mice aged 11-12 days 
were sacrificed and had their ovaries enzymatically digested with 100 g/ml collagenase and 10 g/ml 
DNase for 30 min. This enabled isolation of GOCs from preantral follicles harboring one or more layers 
of granulosa cells. Then, GOCs were cultured at 37oC for 7 days in 24-well dishes on 3 µm collagen 
membranes (Costar Transwell-COL; Corning) and atmosphere of maximum humidity with 5% CO2. For 
culture, it was used 750 µl of bicarbonate-buffered -MEM (Thermo Fisher Scientific) supplemented 
with 0.01% BSA (Sigma-Aldrich), 10 U/ml penicillin, 10 µg/ml streptomycin and 1x ITS (Sigma-
Aldrich). For the treatment, 0.01 U/ml FSH (Sigma-Aldrich) and 0.1 µM cilostamide (Sigma-Aldrich) 
were added to the medium. On day 0 of culture, a fraction of GOCs was denuded of granulosa cells to 
have oocyte diameter determined. The remaining GOCs were cultured and assessed on day 7 regarding 
morphology and oocyte diameter. Groups were compared by T test and regarded as different when 
P<0.05. As a result, mean oocyte diameter on day 0 was equal to 58.2±1.45 µm. On day 7, diameter was 
equal to 68.6±1.51 µm in the absence of supplementation and 66.8±1.21 µm in the presence of FSH and 
cilostamide. In spite of the absence of statistical difference between these groups (P=0.20), GOCs 
cultured in the absence of supplementation showed a more typical morphology, with multiple layers of 
granulosa cells. Moreover, when only oocytes larger than 70 µm were regarded, it was found an increase 
in oocyte diameter (P=0.01) in the absence of supplementation (74.3±0.66 µm vs. 71.2±0.54 µm). In 
conclusion, we succeeded in establishing the system for in vitro culture of GOCs and this was more 
efficient when performed in the absence of FSH and cilostamide. 
Acknowledgements: FAPESP 2017/05899-2. 
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Equine species show great variation in the duration of estrus, presenting an obstacl in the prediction of 
ovulation by rectal palpation and transrectal ultrasonography. Ovulation in mares occurs on average 75 
hours after the follicle reaches 35 mm in diameter (Silva et al., Rev. Bras. Med. Vet., 38(Supl.2):45-48, 
2016), and can be shortened to 36-48h by ovulation inducers. Human chorionic gonadotrophin (hCG) and 
gonadotrophin releasing hormone (GnRH) analogs such as deslorelin acetate are the most commonly used 
hormones for ovulation induction. The aim of this study was to compare the efficiency and precision of 
different ovulation inducers in mares. A total of 79 estrus cycles of 47 mares (Mangalarga Marchador), 
between three to 25 years old, weighing between 350 and 500 kg, were used. Ovarian and uterine scans 
were performed using a digital ultrasound machine, equipped with a linear 5.0 Megahertz transducer 
(Sonoscape A6). The cycles were distributed in groups; G1 (n = 34) = 1000 IU of hCG (Chorulon®) (IV); 
G2 (n = 25) = 1mL of histrelin acetate (Strelin®) (IM); G3 (n = 20) = 1000 IU of hCG (IV) + 1 mL of 
histrelin acetate (IM). The mares were monitored daily, initiating treatment when the largest ovarian 
follicle reached the diameter ≥ 35mm and endometrial edema compatible with estrus. Twenty four hours 
after treatment, mares were monitored every 6 hours until ovulation. Data were analyzed using ANOVA. 
The mean follicular diameter at the time of induction was 35.3 ± 0.7; 35.0 ± 0.5; 35.3 ± 0.8 for G1, G2 
and G3, respectively. The percentage of ovulations up to 36 hours was 73.4% (25/34), 4.0% (1/25), and 
25.0% (5/20) and up to 48 hours was 100% (34 / 34), 64% (16/25), and 95% (19/20) for G1, G2 and G3, 
respectively. There was an increase (P<0.00001) in ovulation in G1 compared to G2 and G3 in the first 36 
hours and within 48 hours there was also a difference (P<0.05), but only from G1 to G2. According to the 
results presented, the best ovulation inducer in the first 36 and 48 hours is the hCG which may favor the 
reproductive management of the mares with lower cost. 
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The postpartum negative energy balance (NEB) is an important risk factor in the establishment of 
reproductive failure in high producing dairy cows. It is suggested that the increased blood levels of non-
esterified fatty acids (NEFAS) and β-hydroxybutyrate (BHBA), resulting from the negative energy 
balance, may affect follicle development in bovine females. Our previous results have shown that the 
plasma levels of BHBA affect neither the growth rate of ovarian follicles nor ovulation in cows subjected 
to artificial insemination protocol. However, little is known about the effect of increased BHBA levels on 
bovine follicle development. The objective of this study was to evaluate the effects of increased 
intrafollicular levels of BHBA during follicular deviation on follicle growth and ovulation rates in cows. 
Bos taurus cows had the emergence of a new follicle wave induced by intravaginal progesterone device 
(1 g progesterone, DIB-Intervet Schering Plough, Brazil) and a single dose of 2 mg of estradiol benzoate 
by intramuscular injection (Genix, Anápolis, Brazil). At the time of DIB withdrawal (four days later), 
cows received an i.m. injection of PGF2α analogue (cloprostenol, 250 µg; Schering-Plough Animal 
Health, Brazil). Ultrasound daily monitoring of the ovaries, by transrectal ultrasonography with 8 MHz 
linear transducer (Aquila Vet scanner, Pie Medical, Netherlands), allowed the identification of the largest 
follicle reaching 7 to 8 mm in diameter, establishing the moment of intrafollicular injection. The treated 
group received 15 mM of BHBA (n = 6 cows) and the control group was injected with PBS (n = 6 cows). 
BHBA dose was chosen to be approximate to the levels observed in postpartum dairy cows according to 
Vanholder et al. (Reproduction Domestic Animal, 41, 39-40, 2006). The follicles were injected according 
to the technique described by Ferreira et al. (Reproduction, 134, 713-9, 2007). Follicular growth was 
monitored for 72 h and ovulation rate was monitored for 120 h after treatment. The data of follicular 
diameter after application of the treatments were analyzed using mixed model for repeated data (PROC 
MIXED). In the control group, the average size of the injected follicles was 8.5±0.3 mm at time 0 h, 
8.4±0.6 mm at 24 h, 9.5±0.5 mm at 48 h and 11.5±0.6 mm at 72 h after PBS injection. In BHBA treated 
group, follicle growth was reduced at 72 h post-treatment in comparison to the control follicle diameter 
(P<0.05), and the average size of the injected follicles was 8.0±0.2 mm at time 0 h, 7.8±0.3 mm at 24 h, 
8.7±0.9 mm at 48 h and 7.7±1.6 mm at 72 h. Ovulation rate was 100% in the control group, and 75% of 
the BHBA treated follicles overcame the growth rate and ovulated 72 h after treatment. In conclusion, 
increased concentration of BHBA in the dominant follicle by intrafollicular injection at the moment of 
follicle deviation affected follicle growth but did not prevent ovulation to occur.  
Financial support: CAPES, CNPq and FAPERGS. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

446 Anim. Reprod., v.15, n.3, p.446, Jul./Sept. 2018 

A146 Folliculogenesis, Oogenesis and Superovulation  
 

Mutant mitochondrial DNA elimination is not reversed by inhibition of the autophagic 
pathway in murine oocytes 

 
M.P. Grejo, T.S. Machado, B.M. Garcia, F.H.C. Sugiyama, C.H. Macabelli, M.R. Chiaratti 

 
UFSCar - Universidade Federal de São Carlos, São Carlos, SP, Brasil. 

 
 
Several human diseases are originated from mutations in the mitochondrial DNA (mtDNA), which is 
exclusively inherited from the mother. Since hundreds of thousands of mtDNA molecules are present in 
the oocyte, the transmission of the disease depends on the number of mutant molecules. Also, several 
evidences support the existence of a mechanism that eliminates mtDNA mutations during oocyte 
development. The mechanism responsible for this function in the gamete is unknown. However, in 
somatic cells, a selective form of autophagy (mitophagy) is responsible for the destruction of 
dysfunctional mitochondria containing mtDNA mutations. Mitofusin 2 (MFN2) is involved in the control 
of mitochondrial dynamics, which in turn regulates the activity, transport and degradation of 
mitochondria. The role of MFN2 in the mitophagy pathway seems to be explained by its key role as a 
target for ubiquitination in dysfunctional mitochondria. In addition, MFN2 regulates autophagosomes 
formation and its subsequent fusion with lysosomes. In accordance with this information, we have 
previously observed that the knockout of Mfn2 in oocytes containing C57BL/6 and NZB/BINJ mtDNA 
results in accumulation of mutant NZB/BINJ mtDNA in the progeny (unpublished data). That being said, 
this work aimed to investigate whether the elimination of mtDNA NZB is mediated by autophagy. To this 
end, autophagy was inhibited by administration of 50 μg of chloroquine per gram of mouse weight, twice 
a day. Mice aged 11 days with 50-70% of NZB mtDNA were treated with chloroquine for 10 days, 
corresponding to development of the first follicular wave. As a control, mice were submitted to the same 
protocol, but using a similar volume of physiological solution (chloroquine diluent). At day 8 of the 
treatment, mice were stimulated with 5 U.I. of eCG and immature oocytes were collected from antral 
follicles after 42 h. The level of NZB mtDNA, determined by real-time PCR, was estimated in oocytes 
and in their respective donor females’ ear biopsy. For analysis of the treatment effect, control and treated 
groups were compared by T test as for ΔNZB, which was calculated by the difference between the 
percentage of NZB mtDNA in the oocyte and that present in the female’s ear. In disagreement with our 
hypothesis, it was not observed difference between groups regarding the ΔNZB (P = 0.58). In conclusion, 
our current data suggests that elimination of NZB mtDNA cannot be explained by the occurrence of 
autophagy in oocytes. 
Acknowledgments: CAPES and FAPESP (2017/05899-2). 
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The in vitro culture (CIV) of preantral follicles is an important reproductive biotechnology because it 
assists in the knowledge of physiology and folliculogenesis. The CIV simulates the events in vivo and 
provides the complete development of preantral follicles.  Thus, the objective of this study was to 
evaluate the replacement of the agarose gel support during in vitro culture and its interference in the 
integrity and development of preantral follicles cultured in situ. Five ovarian pairs (n=10) were collected 
at the local slaughterhouse, from Bos taurus indicus, pubescent heifers from the same herd. The ovaries 
were washed in 70% ethanol and buffered saline (PBS), transported to the laboratory at a temperature of 
4°C in minimal essential medium (MEM) supplemented with 200 IU/mL penicillin and 200 mg/mL 
streptomycin. The ovaries with corpus luteum were discarded, and the respective contralateral of each 
pair, 2 fragments with approximately 3x3x1mm were removed. Fragments from the same ovary were 
distributed in two treatments, control treatment and substitution treatment (n=5/treatment). In short, for 
control treatment, cultivation was carried out for twelve days on the same agarose gel support, while 
substitution treatment support gel was change on the sixth day of culture. The ovarian fragments were 
cultured in MEM (Gibco BRL, Rockville, MD, USA) supplemented with ITS, pyruvate, glutamine, 
hypoxanthine, BSA (Gibco), penicillin and streptomycin. Total replacement of the culture medium was 
performed every two days. At the end of the cultivation, these fragments were fixed in Bouin for 24 hours 
and processed into classical histology. For follicular analysis, the slides were stained with periodic acid 
from Schiff (PAS) and Hematoxylin. Evaluation of the fragments was performed by optical microscopy. 
The preantral follicles were classified according to the development phase (primordial or developing, 
primary and secondary) and integrity (intact and degenerate), considering 50 follicles per fragment. The 
means were compared by analysis of variance (P <0.05). The control and treated groups presented the 
mean percentage of 25% (3/12) and 75% (9/12) for intact primordial follicles, respectively. This 
comparison resulted in a value of P = 0.421. The mean percentages of healthy follicles developed were, 
respectively, 41.7% (25/60) and 58.3% (35/60), with P = 0.909. The support with the agarose gel allows 
the preservation of the follicular architecture; consequently, it assists in the development. However, it did 
not evidence differences when carrying out gel substitution according to the parameters evaluated. 
Therefore, it is concluded that the replacement of the agarose gel support during the sixth day of culture 
did not interfere with the integrity and development of cultured preantral follicles. 
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The present study tested whether an i.m. injection of PGF2 alfa (PGF) affects steroidogenesis and 
evaluated the effect of a non-steroidal anti-inflammatory drug (NSAID) on GnRH-induced luteinization 
in cattle. The procedures were approved by UFPel and UFSM Animal Ethics Committee. In the first 
experiment, the expression of PGF receptor (PTGFR) was evaluated in granulosa cells (GC) around 
follicular deviation and in preovulatory follicles (Rovani et al., Animal Reproduction, 14:383-391 2017). 
Then, in experiments 2 and 3, 37 Jersey and Holstein non-lactating cyclic cows had the follicular growth 
synchronized by a hormonal protocol consisting of i.m. injections of estradiol benzoate (2mg) and 
insertion of an intravaginal device (IVD) containing progesterone (P4; 1g), on D0, and cloprostenol 
(150μg; D0 and D8). In experiment 2, cows were allocated into three groups at 12h after IVD withdrawal 
(D9; hour 0): control= saline i.m. (n=6); GnRH= 100μg gonadorelin acetate (GA) i.m. (n=7); and PGF= 
500μg cloprostenol i.m. (n=6). In experiment 3, GnRH injections (GA; 100μg i.m.) were performed in all 
the cows at 20h after IVD withdrawal (hour 0). Then, 17h after GnRH, animals were allocated into three 
groups and received the following treatments: control= saline i.m. (n=6); NSAID= 2.2mg/kg flunixin 
meglumine (FM) i.m. (n=6); and NSAID+PGF= 2.2mg/kg FM (n=6) and, 6h later, 25mg dinoprost 
tromethamine (i.m.). In both experiments, the groups were equalized according to follicular diameter and 
follicular aspirations were performed 24h after hour 0. Gene expression was evaluated by real-time PCR. 
The levels of steroids in follicular fluid (FF) were analyzed by chemiluminescence. The effects of 
treatments were analyzed by ANOVA and P<0.05 was considered significant. In experiment 1, it was 
observed increased PTGFR in GC from dominant compared to subordinate follicles after follicular 
deviation (P<0.05). Furthermore, PTGFR tended (P=0.1) to increase 24h after GnRH treatment. In 
experiment 2, GnRH-treated cows had significantly lower estradiol (E2) levels in FF compared to the 
other groups (P<0.05; 467±80, 83±24 and 456±94ng/mL, in control, GnRH, and PGF, respectively). 
However, P4 levels did not differ among groups (227±71, 606±185 and 271±119ng/mL, in control, 
GnRH, and PGF, respectively). In experiment 3, no differences were observed in FF E2 levels (94±17, 
82±24 and 95±12ng/mL, in control, NSAID and NSAID+PGF, respectively), but P4 levels in FF from 
cows treated with GnRH+NSAID (323.3±19.6ng/mL), regardless of PGF treatment, were lower than 
those of the control (only GnRH; 477.5±80.1ng/mL; P<0,05). Collectively, data suggest that although 
PTGFR was expressed in granulosa cells, PGF treatment did not affect follicular steroidogenesis, whereas 
NSAID treatment negatively affected luteinization, providing a model to investigate the effect of PGs on 
ovulation in cattle. The authors are thankful to FAPERGS and CNPq (Edital PRONEX-16/2551-
0000494-3) and CAPES for financial support. 
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The oocyte-secreted bone morphogenetic protein 15 (BMP15) is one of the main local regulators of 
ovarian function and exerts an essential role in the determination of ovulation rate. Although highly 
relevant, mechanisms of BMP15 in the regulation of ovarian function are not completely established. The 
objective of the present study was to evaluate the effect of BMP15 treatment on final follicular growth, 
ovulation and luteinization in cattle. All the procedures were approved by UFPel’s Ethics in Animal 
Experimentation Committee. Follicular growth in Jersey cows (n=18) was synchronized using a hormonal 
protocol with an intravaginal device (IVD) containing progesterone (P4; 1g; DIB, Zoetis, São Paulo, SP, 
Brazil), i.m. injections of 2 mg estradiol benzoate (Gonadiol, Zoetis, São Paulo, SP, Brazil) and 150 μg 
cloprostenol (Tecnopec, São Paulo, SP, Brazil). The IVDs were kept for 7 or 9 days, according to the 
desired diameter of the follicles in each experiment. In experiment 1, to investigate the effect on follicular 
growth, intrafollicular injections (IFI) were performed in dominant follicles (7.5 to 9.5 mm diameter) with 
PBS (control; n=3) or 100 ng/mL of recombinant human BMP15 (BMP15; n=5; Sigma Aldrich, St. 
Louis, MO, USA). In experiment 2, to evaluate the effect on ovulation and luteinization, IFI were 
performed in preovulatory follicles (12 to 14 mm diameter) with PBS (control; n=4) or BMP15 (BMP15; 
n=6), in the final intrafollicular concentration of 500 ng/mL, simultaneously to an i.m. injection of GnRH 
analogue (buserelin acetate; 21 μg; Gonaxal, Biogénesis Bagó, Vinhedo, SP, Brasil). The effect of 
treatment on follicular development was performed as repeated measures data using the MIXED 
procedure (SAS Institute Inc., Cary, NC, USA). Continuous data were tested for normal distribution and 
normalized if necessary and the significance level was set at 5%. In experiment 1, treatment with BMP15 
(D0) tended (P=0.09) to inhibit follicular development. The average follicular diameters were 8.9±0.9 
(D0; IFI moment) and 14±2 mm (D2), for control group, and 8.4±0.3 (D0) and 9.1±1.4 mm (D2), for 
BMP15 group. Ultrasound examinations revealed that BMP15-treated follicles had thicker walls (D2). In 
experiment 2, all follicles in the control group (4/4) ovulated. However, BMP15-treated follicles did not 
ovulate (0/6) and became cystic, with an average diameter of 32 mm (D12) and thicker walls, 
characterizing luteinized cysts. Fluid samples from five out of six cysts had progesterone higher than 500 
ng/mL. Serum progesterone levels were 7.1±1.7 for control and 4.1±1.2 ng/mL for BMP15 groups, which 
confirmed that BMP15 blocked ovulation but did not inhibit luteinization. In conclusion, BMP15 
treatment inhibited follicle development and ovulation, inducing luteinization and cysts formation in 
cattle. The authors are thankful to FAPERGS, CAPES and CNPq for financial support. 
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In order to develop hormonal treatment protocols that allow for the implementation of reproductive 
biotechnologies to control the estrous cycles of cows, it is necessary to have a precise description on the 
pharmacodynamics of substances, particularly exogenous gonadotropins. For this purpose, experimental 
procedures are used to block or limit the action of endogenous hormones, which allows for the real 
evaluation of the efficacy of the exogenous treatment. This study aims to evaluate the efficiency of the 
methods of an immune blockade of endogenous FSH (Follicle-Stimulating Hormone). To this purpose, 
eleven (11) cycling crossbred heifers were allocated into two (2) groups, namely: GBI (n = 6), which 
received the first dose of immune blocker on D-40 (Bopriva, Zoetis – Brasil), with a booster on D-10; on 
D-3, an intravaginal progesterone-releasing device (P4) was inserted and a dose of 2 mg of estradiol 
benzoate was given intramuscularly for follicular wave synchronization; GC (n =5) was the control group 
that received the same treatment as GBI on D-3, without any hormonal blockade. From D0 to D4, all 
animals were evaluated daily by transrectal ultrasonography (Mindray™ - M5) to count and measure the 
follicles which were divided into 4 categories: Up to 4.0; from 4.0 to 7.9; from 8.0 to 12.0; and above 
12mm. The heifers were assigned to treatments under a completely randomized design (CRD) and the 
data analyzed by Anova and compared by the Tukey test at significancy level of 5%. There was no 
change in the population of follicles up to 4 mm in diameter and in the total of structures between groups 
from D0 to D4 (P>0.05), showing that the blockade does not interfere with follicle recruitment. Over 80% 
of the follicles did not exceed 4 mm in diameter in the two groups on the different evaluation days, which 
was expected for the beginning of the wave of follicle development. From the D1, GBI had fewer 
structures with ranges from 4.0 to 7.9 and from 8.0 to 12.0 mm in diameter than GC group (P<0.05). In 
addition, no follicles greater than 8 mm were observed in GBI. Based on these results, it can be concluded 
that immune blockade does not affect the folicular recruitment and is effective in blocking follicle 
development in cows.  
Supported by: Biotran; Zoetis, Unifenas, Fapemig, Capes, CNPq. 
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In attempt to develop a hormonal protocol more suitable to produce good quality oocytes for use in 
biotechnologies, an earlier study demonstrated that FSH applied in multiple decreasing doses produced 
better quality oocytes. However, different progestagens implants used during ovarian stimulation have not 
yet been tested. The aim of this study was to investigate the effect of different progestagens during 
ovarian stimulation on follicular population and oocyte morphological quality in Santa Inês ewes. Thirty 
pluriparous ewes had their estrus synchronized by Day 0 protocol (Balaro et al., Domestic Animal 
Endocrinology, 54: 10-14, 2016). Day 0 (D0) of the protocol was considered 80 h after sponge removal 
and ovarian stimulation with pFSH (Folltropin-V, Bioniche Animal Health, Ontario, Canada). All ewes 
received 80 mg of pFSH distributed in three applications (50, 30 and 20%) every 12 h. At the time of 
stimulation, the ewes were divided in three groups (n = 10): (1) MAP, received intravaginal sponges 
containing 60 mg of medroxyprogesterone acetate (Progespon, Zoetis, São Paulo, Brazil); (2) P4 received 
a silicone device with 0.33 mg progesterone (CIDR, Eazi-Breed, Zoetis); and (3) Control, received no 
device (luteal P4). The ovarian evaluation was performed by transrectal ultrasonography (SonoScape, 
Shenzhen, China, 7.5 MHz linear transducer) from D-3 to D2 every 12 h. The follicles were classified as 
small (<3 mm), medium (3-5 mm) or large (>5 mm). Oocytes were recovered by videolaparoscopy 
(LOPU) and classified according to morphological quality in grade 1, 2, 3 and 4 (G1 and G2: good, G3: 
acceptable and G4: poor). Parametric data were analyzed by ANOVA and Tukey's test. For the non-
parametric data, the chi-square test was used (significance P<0.05). There was no effect (P>0.05) of the 
progesterone source on the follicular population and oocyte morphological quality. On D0, the ewes of all 
groups had a similar follicular population regarding the number of follicles in each category (small, 
medium and large), the number of small follicles was higher than the medium follicles, which in turn was 
higher than the number of large follicles. On D2, the number of follicles in each category was also similar 
among groups, the number of small and medium follicles was higher than that of large follicles. Likewise, 
the number of G1 / 2 oocytes (MAP, 4.3 ± 0.9, P4, 5.3 ± 0.8 and Control, 3.7 ± 0.7), G3 (MAP, 1.4 ± 0.5, 
P4, 2.3 ± 0.8 and Control, 2.0 ± 0.6) and G4 (MAP, 0.2 ± 0.1, P4, 0.5 ± 0.2 and Control, 0.5 ± 0.2), as 
well as the recovery rate 61% (MAP), 80% (P4) and 67% (Control) was not different among the groups. 
In conclusion, the source of progestagens used during the ovarian stimulation protocol does not affect the 
follicular population, nor the oocyte quality. Exogenous progestagens may not be necessary when post-
synchronization ovulation is confirmed by ultrasonography. 
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According to IETS statistics (Viana et al., 2017), in Brazil since 2004, in vitro embryo production (IVP) 
is superior to in vivo production, formerly called embryo transfer. Even with great evolution, IVP still 
cannot reach a large number of properties that could be used for genetic multiplication by embryos due to 
scale and logistics. Mainly some dairy herds do not use IVP for this reason, nor do they use in vivo 
production for the poor results observed with sexed sorted semen. However, in recent years the 
superovulation protocols were improved, and the sorted semen quality improved significantly. The 
objective of this study was to determine the technical and economic efficiency of in vivo bovine embryo 
production using sorted sexed semen. Twenty nulliparous donors, aged between 16 and 22 months, 
girolando breed were used. It was superovulated with 180 mg of Folltropin™ (Vetoquinol) in a 
decreasing dose protocol. The superovulation protocol was as: D0 - progesterone implant; D1 - 2 mg of 
estradiol benzoate IM, D5 to D8 - applications of Folltropin every 12 hours. In D7, in the afternoon was 
applied 0.5mg of Clorprostenol and in D8 the implant was removed in the morning. From D9 the estrus 
was observed. At the beginning of estrus, 0.05mg of Gonadorelin IM was applied. Two inseminations at 
18 and 30 hours after application of the GnRH analogue were made using Holstein sorted semen. 
Flushings were made seven days after the 1st insemination. The ovaries were evaluated by 
ultrasonography (Mindray - M5 ™) in D9 for follicle mensuration and on the day of flushing for 
measurement of corpora lutea (CL). The costs involved in the process were accounted. An average of 
8.1+6.8 total structures were collected, with 5.7+3.9 viable embryos, 1.3+1.1 degenerated and 1.1+0.9 
non-fertilized structures. The total cost per donor was R$ 758.50, considering hormones (R$ 207.60), 
medium (R$ 27.50), disposable materials (R$ 67.20), two doses of sexed semen (R$ 176.20) and fees (R$ 
280.00). With total cost of R$ 758.50 and production of 6.7 viable embryos/flushing, there is an average 
cost of of R$ 133.00/viable embryo with sorted semen. Due to the results of the production of embryos 
obtained it can be affirmed that the genetic multiplication of the herds using in vivo embryos produced 
with sorted semen is technically feasible. In addition, the final cost of each embryo is also competitive 
when compared to the IVP costs currently practiced in the market. It is concluded that the in vivo embryos 
production with sexed semen is feasible, technically and economically. Supported by: Vetoquinol, 
Biotran, CNPq e Fapemig. 
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Antral follicles acquire LHCGR in granulosa cells (GC) after follicle deviation (FD; 2.5 days after 
ovulation). In vivo and in vitro studies showed that in GC, the transcriptional regulation of LHCGR 
mRNA is FSH-dependent, on the other hand, several factors regulate negatively the LHCGR abundance, 
including microRNAs (miRNAs), among them, the bta-miR-222. Thus, the aim of present work was to 
verify the correlation of LHCGR and bta-miR-222 abundance in GC of follicles after LHCGR acquisition 
(after FD) and under in vitro effect of FSH and insulin in granulosa cell culture. Experiment 1: Nelore 
cows (Bos taurus indicus, n=5) were hormonally synchronized and slaughtered 3 days after ovulation, 
and GC from the dominant follicle (DF) and its respective subordinate follicle (SF) were recovered to 
total RNA extraction. Experiment 2: small follicles (2-5 mm) were dissected from bovine ovaries from 
abattoir, GC were isolated and cultured in serum-free medium (control group) or treated with FSH (1 
ng/ml) combined/or not with insulin (1 or 10 ng/ml) for 6 days with partial medium change (70%) every 2 
days. The GC were recovered and submitted to total RNA extraction. The relative expression of LHCGR 
and bta-miR-222 was quantified by RT-qPCR and determined by the Pffafl’s equation with PPIA as 
reference gene (exp. 1 and 2). Experiment 3: dominant follicle from bovine ovaries from abattoir was 
submitted to immunostaining of LHCGR and mature corpus luteum was used as positive control. Effect 
of follicular status (DF or SF) was compared by Student’s T-test and effect of FSH+insulin on GC culture 
was tested by ANOVA and means were compared using the Tukey–test (JMP software, SAS Institute 
Cary, NC). Significant differences were considered when P≤0.05. Our findings showed a higher diameter 
in DF (11.8 ± 0.8 mm) compared to SF (6.5 ± 0.2 mm; P=0.0002). Moreover, the mRNA abundance of 
LHCGR in CG was higher in DF compared to SF (P=0.01). On the other hand, the expression of bta-miR-
222 was lower in DF compared to SF (P=0.01). Similarly, in GC culture the association of FSH (1 ng/ml) 
with insulin (10 ng/ml) demonstrated the highest abundance of LHCGR and inversely the lowest 
abundance of bta-miR-222 (P<0.05). Regarding the immunolocalization of LHCGR protein, we 
demonstrated that LHCGR protein was detected in dominant follicles of adult ovaries in theca cells and 
GC, corroborating with the mRNA results. In conclusion, the data suggest that the up-regulation of 
LHCGR in GC from dominant follicles could be supported by the down-regulation of bta-mir-222 and 
that lower levels of bta-miR-222 might be required to improve follicle development in bovine ovary and 
antral follicle deviation. Furthermore, the data indicates that FSH and insulin are, in parts, the hormones 
that orchestrated the suppression of bta-miR-222 in cattle. The authors are grateful to grant #2013/11480-
3, #2015/04505-5; São Paulo Research Foundation (FAPESP). 
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Previous studies demonstrated the presence of insulin receptors in pre-ovulatory follicles, indicating an 
insulin role during this period. The objective of this study was to evaluate insulin ability to modulate the 
expression of genes related to follicular development in dairy cattle. Ten Jersey cows, multiparous, non-
pregnant and non-lactating were submitted to an E2-P4-based protocol to synchronize follicular wave. On 
day 8, after P4 device removal, the cows were divided in two groups. Two cows failed to respond 
properly to the follicular wave synchronization protocol and were excluded from the present study. 
Treatment group (n=4) received a single dose of 0.25 IU/kg s.c. of human insulin (Novolin® N, Novo 
Nordisk, Bagsvaerd, Denmark) and control group (n=4) received 1 mL of saline solution s.c. (NaCl 
0.9%). Dominant follicle of each cow was aspirated 16 hours after treatment (day 9) to evaluate 
intrafollicular glucose and to collect granulosa cells for gene expression analysis, performed according to 
previously described (Campos et al., Theriogenology 89:244-249, 2017). The genes evaluated were 
IGFBP2 (insulin like growth factor binding protein 2) and PAPPA (pappalysin 1), using HIST1H2AC 
(histone H2A type 1-C) and RN18S1 (18S ribosomal RNA) as endogenous controls. In addition, blood 
samples were collected on day 8 and 9 (16 hours after treatment) to evaluate serum glucose through 
commercial kit (Labtest Diagnóstica S.A., Lagoa Santa, MG, Brazil). Glucose concentrations were 
evaluated by repeated measures test in NCSS (2005) software. Gene expression was evaluated by t test in 
GraphPad Prism 5 (GraphPad Software Inc., La Jolla, CA, USA). Serum glucose concentration was lower 
in the treatment group (41.2±4.2 mg/dL) than control group (64.5±4.2 mg/dL, P<0.05), however 
intrafollicular concentration did not differ between the groups (69.7±3.3 mg/dL and 62.2±3.3 mg/dL, 
respectively; P=0.16). Relative expression of IGFBP2 mRNA was lower in treatment group than control 
group (P<0.05). A tendency of higher relative expression of PAPPA mRNA was observed for treatment 
group (P=0.06). The PAPPA is responsible for the proteolytic cleavage of IGBPs, which regulate the 
bioavailability of IGF1 in the ovary. In this way, the lower IGFBP2 expression in the group treated with 
insulin can be associated to an increase in the availability of IGF1, as there is a negative correlation 
between free IGF1 concentration and IGFBP-2 levels.  This suggests a beneficial potential, since as IGF1 
acts as a modulator in gonadotropin action in ovary, stimulating proliferation and differentiation of 
granulosa and theca cells and preventing follicular apoptosis. In conclusion, insulin can modulate the 
expression of PAPPA and IGFB2 genes in granulosa cells, which are mediators of follicular development 
through IGF1 bioavailability.  
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The aim of this study was to evaluate the effect of the addition of equine chorionic gonadotrophin (eCG) 
to a FSH-based superovulation protocol on embryo production in Angus cows. The experiment was 
conducted in Buenos Aires Province (Argentina) where 71 Angus donor cows were synchronized as 
follows: D0= 5mg 17β estradiol (17 Beta Estradiol®, Río de Janeiro, Argentina) + 10mg injectable P4 
(Progesterona®, Rio de Janeiro, Argentina) + 1g P4 intravaginal device insertion (DIB®, Zoetis, 
Argentina); D4= 100IU FSH (Pluset®, Calier, Argentina) AM and PM; D5= 80IU FSH AM and PM, 
D6= 70 IU FSH + 500µg sodium cloprostenol (Ciclase DL®, Zoetis, Argentina) AM and PM, D7= P4 
device removal AM + 50IU FSH PM; D8 AM= 100ug GnRH (Gonasyn®, Zoetis, Argentina); D8 PM= 
artificial insemination (AI); D9 AM= AI; D15= embryo collection. On D2 cows were randomly 
distributed to receive 400IU of eCG (Novormon®, Zoetis, Argentina; Group eCG; n=35) or remained as 
untreated control (Group Control n=36). Logit regression using the GLIMMIX PROCEDURE of SAS 9.3 
version was used to analyze the variables: number of transferable embryos (TRANS), degenerated 
(DEG), and unfertilized ova (UFO) and all structures (UFO+TRANS+DEG). Unsuccessful collections 
yielding zero transferable embryos were also analyzed. Treatment with eCG increased the number of 
TRANS (7.65±5.75 vs 6.69±6.41; mean±SD; P<0.001), DEG (3.82±5.82 vs 2.66±4.36; P<0.001), UFO 
(3±6.3 vs 2±3.29; P<0.001) and all structures (14.49±9.10 vs 11.36±9.31; P<0.001). The proportion of 
collections yielding zero transferable embryos did not differ among groups [eCG=8.6% (3/35) vs 
Control=19.4% (7/36); P=0.2].  In conclusion, eCG treatment on day 2 of a FSH-based superovulatory 
protocol increases the superovulatory response and the number of transferable embryos in Aberdeen 
Angus cows. 
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In the intrafollicular transfer of immature oocytes (TIFOI) the oocytes are aspirated from the donors and 
transferred to the “ovulators”. Considering that removal of the oocyte from the follicular environment 
causes the spontaneous meiosis resumption, it is necessary to inhibit this process to avoid oocytes aging. 
The present study aimed to evaluate nuclear maturation kinetics in oocytes kept in different manipulation 
medium to be used in TIFOI. COCs were obtained from slaughterhouse ovaries and all manipulation and 
selection was performed in follicular fluid (FF). After selection, a group of COCs was placed directly into 
the IVM (control), the others were transferred to an eppendorf containing 500μl of Follicular Fluid (T1), 
Follicular aspiration solution consisting of PBS supplemented with 1% fetal calf serum and 
0,02% heparin (T2) and Follicular aspiration solution supplemented with 500Μm of IBMX [(nonspecific 
phosphodiesterase inhibitor) (T3)]. The COCs remained for three hours in the different medium at 36o C. 
After that period, oocytes were transferred to IVM medium and kept for 22h. At 0, 9, and 22 h of IVM, 
sample of oocyte from all groups were removed for meiotic stage evaluation. Only for the control groups, 
a sample of oocytes was also removed at 12 h, which was used to confirm the efficiency of the treatments, 
regarding to meiosis retention. At each time point COCs were mechanically denuded, fixed for 48 hours 
in ethanol and acetic acid and stained with lacmoid (45%). The evaluation of meiotic stage was carried 
out under a phase contrast microscope (Nikon Eclipse E200, 1000X) and the oocytes were classified as: 
germinal vesicle (GV), germinal vesicle break down (GVBD); metaphase I (MI), anaphase I (AI), 
telophase I (TI) and metaphase II (MII). Nuclear maturation data were analyzed by Chi-square test 
(P˂0.05). We evaluated a total of 293 COCs for the control group at 0 (n=63), 9 (n=76), 12 (n=76) and 
22h (n=78). For the other groups a total of 587 oocytes were distributed to T1 (n=214), T2 (n=179) and 
T3 (n=194). At 0h 98.4% of the oocytes were at GV stage. After 9h of IVM, T1 (75.7%) and T3 (82.4%) 
presented most of oocytes in GVBD, similar to the control group (72.4%). In T2 only 11.8% were in 
GVBD, which was lower (P˂0.05) than the other treatments. This group at 9 h had 86% of the oocytes in 
MI, which was similar to the 72.4% observed for the control group at 12 h. At 22h most of oocytes from 
all the groups reached the MII stage, with no difference (P> 0.05) among them. The results suggest that 
oocytes can remain for 3 hours in Follicular Fluid or Aspiration Solution with IBMX and proceed with 
nuclear maturation without affecting the oocytes. Therefore, both are eligible to be used as handling 
medium before TIFOI procedures. 
Financial Support: CNPq and Embrapa. 
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The development of strategies to stimulate follicular development in artificial insemination protocols is 
important once it is associated with reproductive efficiency of dairy cattle. The aim of this study was to 
evaluate the effect of insulin administration on follicular growth and estradiol (E2), progesterone (P4) and 
glucose concentrations in dairy cattle. Eight Jersey cows, multiparous, non-pregnant and non-lactating, 
with 459±3 Kg, BCS 2.9 and kept under the same management, were used in this study.  On day 0 (D0), 
follicles >9 mm were aspirated and cows received an intravaginal P4-releasing device (1.0 g P4, 
Sincrogest®, Ouro fino, São Paulo, SP, Brazil), 2 mg of estradiol benzoate i.m. (Sincrodiol®, Ouro fino) 
and 12.5 mg of PGF2α i.m. (Lutalyse®, Zoetis, São Paulo, SP, Brazil). On Day 6 (D6) and 8 (D8), 
administrations of 12.5 mg of PGF2α i.m. were performed. On D8, P4 device was removed and cows 
received the following treatments:  insulin group (IG: n=4), received 0.25 IU/kg s.c. of human insulin 
(Novolin® N, Novo Nordisk, Denmark) and control group (CG: n=4), which received 1 mL s.c. of saline 
solution (NaCl 0.9%). Follicular diameter was measured throughout transrectal ultrasonography each 24 
hours beginning on D6. On D8 and D9, serum samples were collected by puncture of arteriovenous 
coccygeal complex. Sixteen hours (D9) after treatment, follicular fluid (FF) was collected through 
follicular aspiration. Estrogen and P4 concentrations were evaluated through chemiluminescence 
(Beckman Coulter®, Brea, USA) and glucose concentrations were analyzed through colorimetric assay 
(Labtest Diagnóstica SA, Lagoa Santa, Brazil). Statistical analyses were performed by NCSS (2005) 
software, using One-way ANOVA to evaluate follicular growth, E2 and P4 concentrations; and repeated 
measures test was used to evaluate follicular dynamics and glucose, considering P≤0.05 values as 
significant and P≤0.10 as tendency.  Insulin decreased serum glucose concentration 16 hours (D9) after 
treatment (IG: 41.2 ± 4.2 mg/dL and CG: 64.5 ± 4.2 mg/dL, P=0.05); however, no significant effect on 
intrafollicular glucose concentration was observed (IG: 62.2 ± 3.3 mg/dL and CG: 69.7 ± 3.3 mg/dL; 
P=0.16). Insulin administration did not affect follicular diameter on day 9 (IG: 12.1 ± 0.6 mm and CG: 
11.1 ± 0.6 mm; P=0.88), follicular growth between D8 and D9 (IG: 2.1 ± 0.4 mm and CG: 1.7 ± 0.4 mm; 
P=0.59) and E2 concentration (IG: 1977.5 ± 327.7 ng/mL, CG: 1732.5 ± 372.7 ng/mL, P=0.65). Although 
insulin tended to decrease intrafollicular progesterone concentration (IG: 52.7 ±12.7 ng/mL and CG: 93.3 
± 12.7 ng/mL; P=0.08), E2:P4 ratio was not affected (IG: 43.9 ± 9.7 ng/mL and CG: 18.6 ± 9.7 ng/mL; 
P=0.13). In conclusion, the administration of a single dose of insulin affected serum glucose 
concentration, however it did not affect intrafollicular glucose, follicular growth and estradiol and 
progesterone concentration. 
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The determining role of mitochondria in regulating follicular development and oocyte growth is emerging 
from basic research on model species and clinical studies of woman infertility. Mitochondrial activity 
depends mostly on the organelle dynamics, which in turn is dependent on events of fusion and fission. 
Mitochondrial fusion relies on the activity of Mitofusins 1 and 2 (MFN1 and MFN2) and on the Optical 
Atrophy 1 (OPA1) protein. Recent studies have determined that the conditional knockout (cKO) of Mfn1 
in the oocyte affects folliculogenesis, resulting in the blockage of oocyte development, with the 
consequent failure of ovulation and female infertility (data not published). In contrast, cKO of both Mfn1 
and Mfn2 leads to a milder phenotype, where oocytes are capable of growing, but arrest meiotic 
progression with ovulation, leading the females to infertility (data not published). Moreover, Mfn2 cKO 
does not seem to affect folliculogenesis or oocyte growth, impacting ovulation and fertility subtly (data 
not published). To further investigate whether the balance between MFN1 and MFN2 plays a role in 
oocyte growth and development, Granulosa cells-Oocyte Complexes (GOC) were collected from 12 days 
old mice, injected with MFN2 or MFN1+MFN2 cRNAs to promote overexpression and cultured for 7 
days. After culture, the oocytes were evaluated regarding chromatin organization, diameter and 
phosphorylated mTOR (pmTOR) protein quantity. Data were evaluated by ANOVA followed by Duncan 
posthoc test (P=0.05). The chromatin organization assessment showed no significant differences among 
the groups concerning the surrounding nucleolus/not surrounding nucleolus ratio. However, the MFN2 
overexpressing oocytes showed severe growth impairment, reaching a mean diameter of 67.60 ± 0.60 µm, 
while the injected control oocytes reached a mean value of 77.25 ± 0.60 µm, and the MFN1+MFN2 
overexpressing ones, 74.86 ± 1.02 µm, a statistically intermediate value (P<0,001). Moreover, analysis of 
protein quantity showed that both MFN2 and MFN1+MFN2 overexpressing oocytes had lower levels of 
pmTOR, 0.35 ± 0.12 and 0.39 ± 0.14, respectively, in comparison to the control, 1 (P=0.0094). These 
results show that the excess of MFN2 in relation to MFN1 is detrimental to oocyte growth and is 
inhibiting important downstream substrates of the PI3K/PTEN pathway, the mTOR complexes. 
Activation of these pathways is important to oocyte growth and development because they lead to 
enhanced protein translation, cell growth and secretion of GDF9 and BMP15. In conclusion, this study 
shows that the overexpression of MFN1 and MFN2 during oocyte development results in a milder effect 
when compared to the overexpression of only MFN2, which leads to a severe growth blockage, 
suggesting an important role of MFN1/MFN2 ratio and Mitochondrial Dynamics during oocyte 
development. 
Financial Support: FAPESP (grants# 2016/11942-5 and 2017/16234-1). 
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Spermatogenesis is coordinated by the hypothalamic-pituitary-gonadal axis, mainly by GnRH secretion. 
The testis response occurs locally but testicular dysfunctions can be caused by inefficient central stimulus 
which would justify the use of GnRH to increase male reproductive parameters (CONTRI et al.,Vet 
Quart,32:5154,2012). Therefore, the aim of the study was to evaluate the systemic treatment with GnRH 
on the temperature of the scrotal surface, testicular volume and seminal parameters of bulls with poor 
semen quality. The experiment was conducted at Embrapa, São Carlos-SP. Five Canchim bulls (37.6±6.4 
months; 667.4±22.9 kg, 6.3±0.1 BCS), kept on pasture, were used. The animals underwent andrological 
evaluation and were characterized as low semen quality bulls, according to recommended standards 
(CBRA, 2013). Treatment consisted of i.v. administration of GnRH analog (gonadorelin 100μg/48 hours) 
for a total of 3 times. Scrotal thermograms were recorded (T300 FLIR Systems®) under controlled 
environmental condition during the morning in order to evaluate the mean of the scrotal surface 
temperature (SST, oC) after 0 (T0), 120 (T120) and 180 (T180) minutes of hormonal administration. 
Testicular volume (V,cm3) was calculated after measurement of testicular length and width (Bailey et 
al.,Theriog,49:581-94,1998) and subsequently the semen was collected by electroejaculation. Biometry 
and seminal quality analyzes were performed two times before hormonal treatment and six times after, 
every two weeks. Sperm variables evaluated were: sperm plasma membrane integrity (SPMI,%) and total 
morphological defects (DEF,%). The data from a completely randomized design were submitted to 
analysis of variance using SAS MIXED and the means were compared by Tukey test (P <0.05). SST did 
not differ between times (T0: 34.1±0.17, T120: 34.2±0.11 and T180: 34.6±0.14oC, P>0.05). There was no 
influence of treatment on the testicular volume (V=273.4±20.64 vs 321.3±37.34 cm3, P>0.05) and on 
seminal quality parameters (SPMI=54.9±7.2 vs 44.1±8.1%; DEF=18.0±4.4 vs. 17.7±4.7%, P>0.05) 
contemplating means before and after treatment, respectively. Abnormal testicular thermoregulation is 
one of the most important issues in the fertility of bulls, and it was not altered by hormonal 
administration, since the scrotal temperature remained within the range considered suitable for normal 
spermatogenesis in cattle (2 to 6oC below body temperature). The increase in scrotal temperature can 
cause testicular degeneration, decreasing the space occupied by tubular epithelium and a reducing 
testicular volume. An increase in abnormal sperm cells, with damaged plasma membrane and 
morphological defects, is also observed. In conclusion, the administration of GnRH analog maintained the 
functional scrotal thermoregulation system, but did not alter the testicular and sperm parameters of bulls 
with low semen quality. 
Grants: Embrapa (BIOTEC #01.13.06.001.05.04; Adapt+ #02.12.02.008.00.03), CAPES, CNPq. 
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The objectives of this study were: (1) to evaluate the skin thickness in different scrotum formats that 
could modify testicular thermoregulation; and (2) to evaluate vascular hemodynamics using Doppler 
ultrasonography in Braford bulls raised in extensive production systems. This experiment was carried out 
in a farm located at the municipality of Santana do Livramento, Rio Grande do Sul state, Brazil, on a 
single day of January (2017), from 9 am to 4 pm. A total of 106 Braford bulls, aged 16 months, were kept 
under extensive breeding conditions. The mean temperature of the day of measurements was 22.6 ± 
2.95ºC (19.0 ~27.1ºC) and the relative humidity was 78± 9.06% (61 ~89%), used to calculated 
Temperature and Humidity Index (THI) and reached the value of 71 ± 3.3 (66 ~75). Evaluations of 
vascular hemodynamics were performed by Doppler ultrasonography to obtain the mean velocity (MV) 
(cm/s), end diastolic velocity (EV) (cm/s); systolic peak (SP) (cm/s), and the indexes of pulsatility (PI) 
and resistivity (RI). Skin thickness were measured by ultrasonography (mm), the animals were divided 
into two groups, thinner skin (TS – below average) and gross skin (GS – above average). The scrotal 
format were classified as follow: long (L), long/moderate (LM), long/oval (LO), oval/spherical (OS) and 
spherical (S). Tukey's test was used as the mean test and Pearson's linear correlation was established for 
the five variables measured (MV, EV, SP, PI, and RI). The minimum level of significance was 5% and 
the calculations were performed using a statistical package R. The MV was higher in the animals with LO 
(15.15±5.01 cm/s) compared to animals LM (13.89 ± 4.76 cm/s). The mean skin thickness of animals 
with LM (3.71±0.65 mm) and animals with LO (3.58±0.51 mm). The final EV in the testes of LM was 
lower (9.63±3.93 cm/s) compared to animals with LO (10.91±4.90 cm/s). The animals with LM testes 
had higher PI values (0.47±0.25) compared to the animals with LO (0.46±0.24). The results found here 
suggest that the skin thickness is not related to testicular format but can interfere with testicular 
hemodynamics. No difference was observed between the RI values in the two groups of scrotal format 
evaluated, with PI values being lower in LM animals compared to LO (0.46±0.24 vs. 0.47±0.25; P>0.05). 
The correlations found between the measured values and the calculated indices were PI and RI= 0.95, EV 
and RI= -0.62, and EV and PI= -0.60. The relationship between blood flow and RI and blood flow and 
skin thickness was negative, which represents the inverse proportionality between the characteristics. 
Doppler ultrasonography was effective in evaluating vascular hemodynamics in Braford bulls raised in 
extensive production systems.  
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The cryopreservation of sperm cells, have allowed the dissemination of genetic material to different 
places at long distances with sanitary and health restrictions. However it success is directly related to the 
recovery rate of viable cells after freezing/thawing. Therefore, the identification of mechanisms to 
minimize losses during the cryopreservation is needed. The reduced viability of cryopreserved sperm 
cells has been associated with the damage caused by the oxidative stress due to the production of Reactive 
Oxygen Species (ROS) during the cryopreservation process. ROS can affect the plasma membrane, 
acrosome and the mitochondria of sperm cells, reducing its fertility. Melatonin is a potent non-enzymatic 
antioxidant highly protective against damage caused by ROS due to the ability to neutralize its toxic 
effect. Therefore, the objective of our study was to evaluate the effect of different concentrations of 
melatonin in cryopreserved sperm cells of Crioulo Horses. For that, 3 ejaculates from each of 5 adult 
stallions (total of 15 ejaculates) were diluted with a commercial extender (FG Mix Garanhão®) in the 
proportion of 1:1. Samples were than centrifuged (600 x g/12min), and the sperm pellet were rediluted 
with Equine Frozen Semen Extender (Botucrio®) to a total concentration of 100x106 sptz/ml. Melatonin 
were added to a final concentration of 0; 1.25; 2.5 and 5 mM. The semen were cryopreseved in 0.5 cc 
straws and thawed 72 hours later at 37ºC for 30 secons and its motility, acrosome and plasma membrane 
integrity were verified using flow cytometry with probes FITC – PSA (11,7µg/ml) and PI (10µg/ml), 
respectively. Data were analysed using PROC MIXED (SAS, v. 9.2 for Windows) with Tukey test, 
comparing the LSmeans among groups. For the sperm motility the groups without melatonin (NM) 
(52.0% ± 2.42) and with 1.25mM of Melatonin (50.00% ± 2.18) did not presented statistically differences 
(P=0.0800). However the group with 2.5mM (42.6% ± 2.2) and 5mM (33.0% ± 3.00) presented lower 
sperm motility (P<0.0097) when compared with NM (52.0% ± 2.42) and 1.25 (50.00% ± 2.18) groups. 
Groups with NM (75.48% ± 3.24) and 1.25 mM (80.49% ± 1.62) did not presented difference among 
acrosome integrity (P=0.1895). Group 2.5 mM (82.94% ± 1.42) and 5 mM (84.90% ± 1.51) presented 
more damaged sperm cells when compared with group 0 (P<0.0197). When we evaluated the plasma 
membrane integrity groups 0, 1.25mM, 2.5mM didn’t show statistical differences 66.85% ± 3.13, 66.0% 
± 2.42 and 70.07% ± 2.72, respectively P=0.2051. However group 5mM presented elevated damage 
levels to the plasma membrane (74.92% ± 1.98, P<0.0014). In conclusion, the use of melatonin did not 
presented to be effective to reduce losses caused by the cryopreservation of equine sperm cells.  
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Oxygen is essential for the oxidation of organic compounds and energy production for cellular 
metabolism. However, part of this oxygen is reduced, producing several highly reactive chemicals. These 
substances are called reactive oxygen species (ROS), which can cause tissue damage and, at high 
concentrations, damage cellular organelles, nucleic acids, lipids and proteins. The objective of the present 
study was to determine the effect of the ovarian transport temperature of Bos taurus indicus females on 
ROS production. Ovarian cortex fragments (n = 18) were obtained with sterile punch (5 mm) and 
transported (40 min) individually in Minimal Essential Medium (MEM) solution from ovaries (n = 12) 
collected at local slaughterhouse in one of three temperatures: i) -196°C; ii) 4°C; and iii) 27°C. For the 
evaluation of ROS, the measurement of the production of superoxide anions in tissue homogenates (10 
mg/mL in 1.15% KCl) with a modified nitroblue tetrazolium (NBT) assay was used to quantify the free 
oxygen production in the tissue homogenate. The reduction of NBT was measured at 600 nm (Multiskan 
GO, Thermo Scientific) and the mass of the tissue was used for normalization of the data. The averages 
were compared by the Tukey's test (p ≤ 0.05). It was observed that samples transported at -196°C showed 
similar values of superoxide anion reduction (16.2 OD/mg protein  1.29) with samples transported at 
4°C (15.8 OD/mg protein  1.03, p 0.91; P>0.05). Our results showed an effect of the transport 
temperature for 40 minutes on the production of ROS in bovine ovaries. In this way, we conclude that the 
higher transport temperatures differentially affect the production of reactive oxygen species (ROS) of 
ovaries of Bos taurus indicus females. 
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Ability to predict male fertility is highly desirable for bulls used in timed-artificial insemination (TAI) to 
achieve better conception rates, consequently reducing reproductive program costs. Our goal was to 
correlate different methods of post-thaw semen evaluation with the pregnancy (P/AI) of Nelore (zebu) 
cows subjected to TAI to identify candidate predictors of sire conception rate. The P/AI data from 43231 
Nelore cows, inseminated in TAI with basic protocols with application of Estradiol Benzoate on D0 (2 
mg im) and use of the intravaginal device with 1 g of P4 for 8 days, followed by application of 1 mg of 
estradiol cypionate, 150μg of d-cloprostenol and 300 IU eCG on D8. The TAI was performed 40-56 h 
after, with frozen-thawed semen from 21 Nelore and 50 Angus bulls (P/AIfrom experimental datas and 
fertility index (IFERT®-Lagoa da Serra). Three samples were evaluated from each bull, with semen 
batches analyzed for physical, functional and morphological aspects, including subjective means [gross 
motility, thermal resistance test (TRT), morphology, sperm concentration per ml (total and viable)], 
sperm tail mitochondrial sheath (MS) length stained with aggresome probe; Computer Assisted Semen 
Analysis [CASA- total motility, progressive motility, VAP, VSL, linearity, STR, ALH and VCL], 
hyposmotic swelling test (HOST), and image-based flow cytometry: mitochondrial membrane potential 
(JC-1), and over 1,300 image-based calculations from nuclear stain DAPI, acrosome status/integrity-
detecting lectin PNA (Arachis hypogaea/peanut agglutinin) aggresome-detecting probe (AGG), bright 
field, and side scatter. Data was analyzed using ANOVA (GLIMMIX), Partial Least Squares (PLS) 
regression with use of Wolds criterion to explore the relative importance of individual sperm variables 
related to fertility (P/AI). The differences in P/AI were found between bulls (P<0.001), and between 
breeds – Nelore: 54.44%, and Angus: 49.23% (P<0.001).The following in vitro sperm variables were 
determined to be important predictors of P/AI with negative coefficient: total and tail defects, AGG minor 
axis intensity standard deviation (SD); AGG width SD; AGG minor axis intensity median absolute 
deviation (MAD); AGG width mean; PNA H entropy mean; PNA H energy mean; PNA H variance SD. 
Predictors with positive coefficient included: MS length, polarized (JC-1), gross motility, vigor-TRT, 
CASA variables (progressive motility, VAP, VSL and VCL), viable sperm concentration, DAPI 
Elongatedness Head MAD; side scatter H contrast mean; PNA H Variance Mean; PNA H Entropy MAD; 
PNA H Entropy median; AGG Width MAD; AGG H Entropy SD; PNA +++ Gated; AGG Grad MAX 
Mean; AGG H Contrast Median; AGG H Contrast Mean. In conclusion, Angus and Nelore bulls differ in 
P/AI when mated to Bos indicus cows. Such multiplex studies correlating sperm parameters and 
differences in fertility rates observed in TAI are under way and provide an advancement in better 
understanding sperm fertility potential. 
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Coenzyme Q-10 plays a crucial role in cellular bioenergetics acting as a cofactor in the electron transport 
chain in the mitochondria (respiratory chain), and is therefore essential for the production of energy in 
ATP form. In addition to acting as a carrier for electrons and protons in the mitochondria, its reduced 
form plays a potent lipophilic antioxidant role and is able to "recycle" and "regenerate" other antioxidants 
such as tocopherol and ascorbate. Therefore, the objective of this study was to analyze the effect of CoQ-
10 on sperm motility and plasma membrane and acrossomal integrity, and mitochondrial membrane 
potential of stallion’s cryopreserved spermatozoa. Five ejaculates from five stallions (n=25) were used. 
Each ejaculate was separated into three treatments: a) control freezing extender (BotuCrio®- Botupharma, 
Botucatu, SP, Brazil); b) CoQ-10 1 mM and c) CoQ-10 50 µM (added at the respective concentrations to 
the same extender used in the control treatment). Then, the semen was cryopreserved in automated TK 
3000® (Uberaba, MG, Brazil) system and analyzed post-thawing. The analyzed variables were total 
motility (MOT), progressive motility (MOTPR) and percentage of rapid cells (RAP), which were 
assessed using the CASA system (HTM-IVOS, version 12.3, Hamilton Thorn Research, Beverly, 
Massachusetts, USA). In addition, plasma membrane integrity (propidium iodide and Hoechst 33342), 
acrosomal (FITC-PSA) and mitochondrial membrane potential (JC-1) were assessed using fluorescent 
probes. Cells were classified as the percentage of completely intact cells, I.E., those having intact plasma 
membrane, intact acrosome and high mitochondrial membrane potential (PIAIH); percentage of cells with 
intact plasma membrane (IPM); percentage of cells with intact acrosome (IA); and percentage of cells 
with high mitochondrial membrane potential (HMMP). Data were tested for the normality of residues, 
and comparisons of the treatments were performed by the MIXED procedure of the SAS program 
(version 9.3), the differences between the treatments were given by the Tukey test. A significant 
difference was considered when P≤0.05. The results of the characteristics of MOT, MOTPR and RAP 
were similar between treatments. Regarding membranes integrity, the CoQ-10 1 mM addition showed 
higher (P˂0.05) percentage of PIAIH cells (31.86 ± 2.00), IPM (32.64 ± 2.05) and HMMP (32.12 ± 1.97) 
when compared to the control group (27.88 ± 2.35; 29.00 ± 2.49; 28.26 ± 2.39, respectively). Therefore, it 
is concluded that the addition of CoQ-10 at 1 mM concentration into the freezing extender is better to the 
membranes integrity preservation of equine cryopreserved spermatozoa. 
Acknowledgments: FAPESP (2016/14626-7); CAPES; International Center of Equine Reproduction 
Rancho das Américas. 
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Collared peccaries (Pecari tajacu Linnaeus, 1758) are widely distributed and well adapted to captivity. 
They have been bred for commercial purposes and used as experimental models for endangered close-
related species as the Tayassu pecari and the Catagonus wagneri. In this sense, knowledge about their 
reproductive aspects is of extreme importance for the development of assisted reproductive techniques 
aiming their conservation and multiplication. Therefore, we aimed to characterize the biochemical profile 
of seminal plasma and to verify the existence of relations among biochemical compounds and semen 
characteristics of collared peccaries raised under semiarid conditions. The study was conducted during 
dry period, from September to November 2017. Sixteen adult males were restrained using a net and 
anesthetized with Propofol (5 mg/kg) in their intravenous bolus. One ejaculate per individual was 
obtained by electroejaculation and evaluated for volume, pH, sperm motility, vigor, concentration, 
membrane integrity and functionality, morphology and chromatin condensation. Samples were 
centrifuged at 385 ×g for 10 min and the supernatant was stored at -20°C. Subsequently, the samples were 
warmed at 25°C for 2 min and evaluated for biochemistry at using commercial kits. The absorbance was 
measured in a spectrophotometer according to the wavelengths indicated for each analysis. The results 
were expressed as mean ± standard error and the existence of correlation among biochemical parameters 
and semen characteristics was checked by Spearman correlations’ test (P<0.05). Ejaculates presented 2.0 
± 0.3 mL, pH 7.8 ± 0.2 and 208.8 ± 41.7 x 106 sperm/mL, with 84.1 ± 5.3% motile sperm, 84.3 ± 1.9% 
membrane integrity, 78.2 ± 4.4% functional membrane,76.6 ± 4.7% morphologically normal sperm and 
93.7 ± 5.9% condensed chromatin. By biochemistry analysis, the following components were found: 
citric acid (170.5 ± 43.4 mg/dL), fructose (97.2 ± 31.8 mg/dL), fructosamine (519.9 ± 122.5 µmol/L), 
calcium (16.1 ± 3.7 mg/dL), cholesterol (137.4 ± 27.9 mg/dL), total proteins (6.5 ± 1.8 g/dL), 
triglycerides (1427 ± 782.3 mg/dL), magnesium (5.8 ± 0.4 mg/dL), chlorides (415.1 ± 153.9 mEq/L), 
albumin (34.2 ± 23.3 g/dL) and phosphorus (249.2 ± 237.1 mg/dL). A positive correlation was identified 
between sperm membrane integrity and total proteins (r = 0.66; P<0.0174); on the other hand, sperm 
membrane integrity was negatively correlated with magnesium (r = –0.59; P<0.028). In conclusion, this is 
the first description of the biochemical profile of seminal plasma in collared peccaries and we clearly 
demonstrate that some biochemical compounds (total protein and magnesium) can directly influence the 
integrity of their sperm membrane. 
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In vitro fertilization is inefficient in the horse either using in vivo or in vitro matured oocytes. However, 
the transfer of these oocytes to the oviduct of inseminated mares generates fertilization rates comparable 
to those obtained by natural mating, suggesting that low fertilization rates observed in vitro are due to the 
inability of stallion sperm to penetrate the oocytes as a consequence of the inability to capacitate in vitro. 
Sperm capacitation has been defined as a series of biochemical transformations and plasma membrane 
rearrangements that allow the spermatozoon to acquire the ability to fertilize the female gamete. Although 
spermatozoa of different mammalian species can be capacitated in vitro, optimal conditions for efficient 
equine sperm capacitation have not yet been achieved. Only recently, a few studies have demonstrated an 
increase in protein tyrosine phosphorylation, however, embryonic development to the blastocysts stage 
has yet to be demonstrated. The present study evaluated the effect of three exogenous cAMP pathway 
modulators on capacitation-related events in equine sperm. For this, fresh semen was collected from 4 
Chilote breed stallions, diluted to 10x106 sperm/mL in no capacitating and capacitating conditions and 
incubated with different combinations of the inductors for 0 and 4 h at 38°C in air atmosphere using 
Whitten’s medium (McPartlin et al., 2008 Theriogenology, 69, 639-650). Evaluation of sperm 
capacitation parameters included membrane fluidity (MC540+) and intracellular calcium levels (FLUO 3-
AM) as early markers of capacitation, while tyrosine phosphorylation events (PY mAb) and the 
spermatozoa's ability to perform acrosomal exocytosis (PNA/FITC) were used as late markers. All 
evaluations were carried out by flow cytometry using a FACS CANTO II flow cytometer (Becton 
Dickinson, Mountain View, USA). For statistical analyses, proportional data were transformed to arcsine, 
treatment effects were analyzed by ANOVA and means were compared using Tukey´s test with 
GraphPad Software (La Jolla, California, USA). The results obtained confirm that capacitation inductors 
increase the intracellular calcium level and membrane fluidity compared to the non-capacitating control 
conditions, being significantly higher when 2 or 3 inductors are used simultaneously. Similarly, the 
inclusion of 2 or 3 inductors significantly increased tyrosine phosphorylation levels. Additionally, sperm 
incubated under these conditions showed a high percentage of acrosomal exocytosis after exposure to 
progesterone (58%) compared to non-capacitated spermatozoa (13%). In conclusion, high levels of 
tyrosine phosphorylation, intracellular Ca2+, membrane fluidity together with the significant rates of 
acrosomal exocytosis reported confirm that sperm incubated under these conditions underwent molecular 
and membrane changes consistent with sperm capacitation.  
Acknowledgements: Funding support from CONICYT, Chile grant FONDECYT 1160467.  
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Canine semen freezing is used to facilitate the management of dog colonies, but also to preserve genetic 
material of males with high zootechnical and /or affective values. Our aim was to evaluate the influence 
of a layer of equine colloidal silica-Androcoll-e® (Minitube, Germany) on canine semen freezing. For 
that, five dogs of different breeds with satisfactory seminal characteristics (CBRA, Manual for 
andrological examination and evaluation of animal semen, 104, 2013) were used. Seven ejaculates/animal 
were collected, subdivided in: group a – samples were centrifuged at 300g for 10 minutes using 
androcoll-e®; and group e- samples were centrifuged at 700g for 10 minutes using caniplus enhance® 
medium (Minitube). Supernatant was discarded and pellet was resuspended in caniplus enhance® (1ml of 
medium /100.106 spermatozoa), followed by packing (25.106 mobile sperm/vane), refrigeration (2 to 6 °c 
for 2 hours), freezing (20 minutes in n2 at -196 ° c), and thawing (37 ° c for 60 seconds). After that, the 
samples were resubmitted to centrifugation, forming 4 subgroups (16 straws/animal/subgroup): AA 
(androcoll-e® in the pre- and post-thawing steps), AE (androcoll-e® in pre-freezing and caniplus 
enhance® after thawing), EA (caniplus enhance® in pre-freezing and androcoll-e® after thawing) and EE 
(caniplus enhance® in the pre- and post- thawing steps). The concentration, morphology, vigor, 
membrane integrity, and subjective and computerized motility were analysed. Test of variance, tukey and 
kruskall Wallis were used for data analyses and differences considered significant when P<0.05. There 
was no difference between the groups on sperm recovery, subjective motility, vigor and membrane 
integrity. In computerized analyses, best results were obtained on average of trajectory velocity (VAP) 
and curvilinear velocity (VCL) in EE group, while crossed flagellar beating (BCF) and rectilinearity 
(STR) occurred in EA group, and linearity in a group. Regarding sperm morphology, EA group presented 
the highest percentage of normal cells (95%), whereas in AE group, minor defects (23%) and higher were 
greater than acceptable (12%). There was no evident improvement of all seminal parameters as previously 
reported by Morrel et al (Animal Reproduction, 3: 340-345, 2016) using silica specific for dogs. 
However, the use of colloidal silica equine proved to be a good alternative on canine seminal freezing 
process since its use after thawing (EA group) was effective in selecting a higher percentage of 
morphologically normal spermatozoa. 
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The objective of this study was to characterize the degree of hyperactivation in frozen semen of bulls and 
to evaluate the relationship between hyperactivated motility and ovulatory capacity in timed AI 
postpartum beef cows. Data from 46 batches of semen from 20 bulls were acquired from a semen-
processing center (Seleon Biotechnology, Itatinga, SP, Brazil). The following variables were analyzed by 
CASA: total motility (TM), progressive motility (PM), average path velocity (VAP), straight-line velocity 
(VSL), curvilinear velocity (VCL), amplitude of lateral head displacement (ALH), straightness (STR), 
and linearity (LIN). Sperm characteristics of VCL, ALH and LIN were used to classify batches as 
Hyperactivated (H+; LIN<53%, ALH>7.17 μm and VCL>164.28 μm/s), and Non-Hyperactivated (H-; 
LIN>53%, ALH<7.17 μm and VCL<164.28 μm/s) (adapted from Mortimer and Mortimer, Journal of 
Andrology, 11:195-203, 1990). From 20 bulls evaluated in this study, only batches from 2 bulls were 
selected for field study because they presented batches characterized as H+ and H- within bull. 
Multiparous lactating Nelore cows (Bos taurus indicus; n = 244) from two comercial beef farms from 
Rondônia - Brazil were used. All cows were subjected to a TAI protocol (D0: 2 mg of BE (IM) + CIDR-
in; D8: 150 μg of D-Cloprostenol (IM) + 300 UI of eCG (IM) + 1 mg of CE (IM) + CIDR-out; and D10: 
TAI). On the morning of Day 10 (07:00 am), the diameter of the preovulatory follicle (POF) was assessed 
in all cows by ultrasonography. According to our previous data (Pfeifer et al., Animal Reproduction 
Science, 163:89-96, 2015) cows were categorized according to the diameter of the POF in Early ovulation 
group (EO group, n=126) in which cows were with POF ≥ 13 mm; and Late ovulation group (LO group, 
n=118), in which cows were with POF<13 mm. H+ and H- semen from each of the chosen bulls were 
distributed homogeneously into the ovulatory group of cows (EO and LO). Thus, after distribution, the 
groups were: EOH+ (n=65), EOH- (n=61), LOH+ (n=75), and LOH- (n=43). Pregnancy per AI (P/AI) 
was higher for EOH+ (69.2%, 45/65), EOH- (63.9%, 39/61), and LOH- (67.4%, 29/43) groups than for 
LOH+ group (48%, 36/75). These results demonstrate that the use of VCL, AHL, and LIN parameters to 
characterize sperm hyperactivation contributes to predict fertilizing potential of semen according to the 
capacity of ovulation of cows in TAI programs. Moreover, this study demonstrates that cows with smaller 
POF are less likely to become pregnant when they are inseminated with straws considered as 
hyperactivated (H+). In contrast, when inseminations are performed with straws considered as non-
hyperactivated (H-), late and early ovulated cows provided adequate and similar P/AI. 
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Selenium is an essential trace element that plays an important role in the reproductive activity, primarily 
acting spermatogenesis and testicular development (Hefnawy and Tortora-Perez, Small Ruminant Res. 
89(3), 185-192, 2010). The aim of the present work was to study the selenium supplementation, in 
mineral mix supplement, effect on the levels of citric acid, potassium, sodium, calcium, selenium, zinc, 
manganese, sulfur and lead of ovine semen. Were used 30 rams, with reproductive age, similar weight, 
fed with hay and ration in an intensive system. The animals were divided in five experimental groups 
(n=6/group) supplemented with different selenium concentrations: 0 mg; 10 mg; 15 mg e 20 mg of Se/kg 
of mineral mix. Group control (GC; 0 mg/Se), group 1 (G1; 5 mg/Se); group 2 (G2; 10 mg/Se); group 3 
(G3; 15 mg), group 4 (G4; 20 mg/Se). Each group passed through every treatment, every 56 days the 
treatment were changed randomly. The semen samples were obtained at the end of every treatment 
period, using electroejaculation in order to perform the fructose concentration (Mann, Journal of 
Agricultural Science, 38(3):323-331, 1948), citric acid (Saffran and Densted, Journal of Biological 
Chemistry, 175(2):849-855, 1948), potassium, sodium, calcium (technique of selective ions), zinc, 
manganese, sulfur (Atomic Absorbance in Flame), selenium and lead (Atomic Absorbance in Graphite 
Oven). The project was conducted in a latin square distribution 5x5, with the means difference verified 
using the Tukey test with 5% of probability. There was no difference observed among the treatments for 
the mean values of none of the analyzed parameters. The mean values with the standard mean error of the 
maximum value and minimum value of the  analyzed parameters in the different groups were: fructose 
(mg/dL) GC=33.15±2.29 and G1=25.85±2.34; citric acid (mg/dL)  G1=6.26±0.85 and G2=5.49±0.83; 
potassium (mmol/L) G2=10.90±0.89 and GC=9.30±0.85; sodium (mmol/L) G1=136.98±1.68 and 
G2=133.46±1.64; calcium (mmol/L) GC=0.52±0.021 and G3=0.49±0.022; selenium (µg/dL) 
G2=0.038±0.004 and G1=0.035±0.005; zinc (mg/L) GC=0.32±0.018, and  G2=0.27±0.019; manganese 
(mg/L) G2=0.39±0.03 and G1=0.28±0.03; sulfur (mg/L) G2=18.12±1.47 and G1=13.98±1.25 (Tukey; 
P>0.05). The mean concentrations of lead were below the detectable levels of the performed test (1x10-

3±0 mg/L). The different levels of selenium supplementation evaluated at the present study did not 
increase, in a statistically mean, the biochemical concentration at the ram`s ejaculate. Independently of 
the selenium supplementation used, this did not alter the bioavailability of the parameters analyzed. It is 
probable that the absence of difference of the seminal contents should be related to the mechanisms of 
their absorption and excretion. During the experimental period, no ovine presented clinical signs of Se 
poisoning. 
Acknowledgments: Fapesp (processo no. 2012/50277-6). 
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Gene expression of insulin-like growth factor 1 in testes of Wistar rats under different 
kinds of physical training 
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São Paulo, SP, Brasil; 3UNICAMP - Universidade Estadual de Campinas, Campinas, SP, Brasil. 
 
 
Physical exercises in general cause anabolic changes in body tissues. This effect is the result of the stress 
caused by the exercises, but the effects depends on the modality of the exercises. The present study 
(ethics committee number 3400) evaluated the effect of the training (aerobic and anaerobic) in the gene 
expression of Igf1 on the testes. For this, the testes were collected from rats were divided into 5 groups 
(n=7): Control (CT); Aerobic Training in Swimming (TAN); Treadmill Aerobic Training (TAE); 
Resistive Climbing Training (TRE) and Water Resistant Training (TRA). The animals of the TAN and 
TAE groups were evaluated for their aerobic capacity by the minimum lactate test (Lan), to determine the 
training load, the TRE and TRA groups performed maximum strength test for the same purpose. After 4 
weeks of training the animals were euthanized and the testes were collected and stored in the freezer at -
80°C. The stored testes were analyzed by RT-qPCR for quantitative Igf1 gene expression. Statistical 
analysis of the relative gene expression data was ANOVA followed by Tukey, differences were 
considered for P<0.05. There was a significant difference between the groups in the relative Igf1 gene 
expression in the testes, CT (0.44 ± 0.16) had lower expression than TAE (2.16 ± 0.44, P<0.05) or TRA 
3.04 ± 0.28, P<0.001). TAN (1.23 ± 0.36) and TRE (1.45 ± 0.40) groups also exhibited lower Igf1 gene 
expression than TRA group (P<0.05). It is concluded that the physical training modality interferes in the 
gene expression of Igf1 testicular, and the resistance training in aquatic environment induces a greater 
relative abundance of mRNA for Igf1. Support by: UNOESTE (protocol number: 3400). 
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miR-216b abundance level is different between embryos produced from high and low 
fertility bulls 
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The aim of this study was to investigate miRNAs profile in sperm cells of bulls that present high and low 
field fertility. For that, six semen commercial batches provided by Alta Genetics® (Uberaba, Brazil) were 
used. The semen batches were obtained from six Aberdeen Angus bulls (Bos taurus) classified as high 
fertility (HF, n=3, 54.3±1.0%) and low fertility bulls (LF, n=3, 41.5±2.3%) based on field pregnancy rates 
(P=0.007). Two straws from each batch were thawed (37oC/30s) and analyzed regarding morphological 
and functional sperm features: motility characteristics using Sperm Class Analyzer (SCA, Microptics, 
Barcelona, Spain) software; sperm abnormalities by differential interference contrast microscope (Nikon 
80i, Tokyo, Japan); and sperm plasma and acrosome membranes integrity and high mitochondrial 
membrane potential by fluorescent microscopy (Nikon 80i, Tokyo, Japan). The sperm profile of 380 
bovine mature miRNAs was analyzed using real time PCR with 100ng of total RNA from each sperm 
sample using miScript PCR® (Qiagen) according to manufacturer’s instructions. Two miRNAs 
consistently detected among the samples (bta-miR-99b and -425-5p) were used to evaluate the relative 
abundance levels of the miRNAs. Only miRNAs with Ct value lower than 38 were considered for 
analysis. Afterwards, sperm miRNAs with P<0.1 in the relative abundance level between high and low 
fertility bulls were analyzed in mature oocytes (n=6) and in zygotes (n=18) fertilized in vitro using sperm 
from the same batches previously evaluated. Data were analyzed by ANOVA using Mixed procedure of 
SAS® and means compared with Tukey test when necessary. Except to sperm miRNAs analyses, 
statistical difference was considered when P<0.05. Sperm samples from high and low fertility bulls were 
similar (P>0.05) in all morphological and functional features evaluated. Sperm miRNAs analyses 
detected 14 miRNAs with different abundance levels (P<0.1) between high and low fertility bulls. Among 
the evaluated miRNAs, bta-miR-216b presented different (P=0.01) abundance level between zygotes 
derived from high fertility sperm samples, zygotes from low fertility sperm samples and oocytes. The 
relative abundance level of this miRNA was high in zygotes from LF and low in zygotes from HF and 
oocytes. In sperm cells, bta-miR-216b levels were higher (P=0.08) in LF than in HF. Bioinformatics 
analyses performed using DAVID Functional Annotation Tool (DAVID Bioinformatics Resources 6.7) 
predicted the regulation of important signaling pathways including Wnt, MAPK and focal adhesion. 
These findings suggest that miR-216b is a potential biomarker for bull fertility that is important for initial 
embryo development. Our group has been engaged to describe the role of miR-216b on embryo 
development.  
Research supported by FAPESP (2014/22887-0; 2015/09154-6; 2016/05395-1). 
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Isolation and expansion of mesenchymal stem cells from umbilical cord of goats under 
distinct body condition scores 
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Mesenchymal stem cells (MSCs) from the umbilical cord (UC) of newborns are usually used in animals 
and humans as a source of stem cells for different purposes. Nevertheless, very little information is 
available concerning the impact of maternal nutrition on growth and differentiation of MSCs. The aim of 
this work was to evaluate the effect of the body condition score of goats on the isolation and expansion 
capacity of MSCs from UC. Nineteen adult, pluriparous crossbred goats were grouped according to body 
condition score (BCS) at kidding, assigning a score from 1-5, at quartile intervals: (LG) group with lower 
BCS, (2.3 ± 0.1, LG, n= 9), and (HG) group with higher BCS (2.9 ± 0.1, HG, n=10). All goats were from 
the same farm and maintained under similar feeding and management conditions over the course of 
pregnancy. During delivery, 5- to 7-cm long UC fragments were collected, and rinsed in 0.9% saline 
solution supplemented with 2% penicillin-streptomycin and 1% amphotericin. Each fragment was 
sectioned into 1 cm2 explants of Wharton jelly, which were in vitro-cultured in 30-mm cell culture dishes 
in 1 mL DMEM® medium supplemented with 15% fetal bovine serum (FBS), 
penicillin/streptomycin (2%) and amphotericin (1%), in incubator at 38.5ºC, high humidity and at 5% 
CO2. Exchange of the medium was performed every two days, and the explants were evaluated daily for 
cell proliferation and confluence. Upon reaching 80% confluence, explants were removed, cells were 
trypsinized and quantified in a Neubauer Chamber, and a sample was evaluated for viability by staining 
with 0.4% Trypan blue prior to seeding into the second passage (P2). Data were subjected to Kruskal-
Wallis ANOVA test, with BCS group (LG, HG) as main effect. Differences between means were 
analyzed using the Mann-Whitney test for independent groups. No significant effect of BCS was found 
for the parameters considered. Appearance of MSCs from primary culture occurred at 7.5 ± 0.6 days. At 
Day 0 of culture, the mean number of MSCs was 7,111 ± 952 cells. Interval between MSCs appearance 
and P2 was 19.4 ± 0.9 days. In this period, the daily mean proliferation was 11,747 ± 2,379 cells/day. We 
conclude that maternal BCS did not show effects in goats on appearance and proliferation of neonatal 
UC-derived MSCs under in vitro culture. 
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Effects of a pre-IVM culture with steroids and NPPC for 12 and 24 hours on chromatin 
configuration of bovine oocytes 
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Oocyte quality is crucial for assisted reproductive technologies applied to animals and humans. In vitro 
matured oocytes are less competent to become fertilized and advance to the blastocyst stage in relation to 
in vivo matured oocyte. We have recently proposed a two-step culture system for IVM that was able to 
hold germinal vesicle breakdown (GVBD) for 9 hours during the first culture step and to improve embryo 
quality after IVM/IVF. In this study, aiming to test the efficacy of this culture system to hold oocyte 
nuclear maturation, we assessed chromatin configuration and GVBD rates after 0, 12 and 24 hours of the 
pre-IVM culture step. Bovine ovaries (predominantly Nellore, Bos indicus) were obtained from a local 
abattoir, COCs were aspirated from follicles of 3–8mm and pools of 20-30 oocytes were divided in three 
groups to be cultured for 0h (control), 12h and 24h. The pre-IVM was cultured in basic medium (TCM 
199 supplemented with BSA, amikacin, pyruvate natriuretic peptide C (NPPC), estradiol, progesterone, 
androstenedione and r-hFSH (PCT Patent No. 201690005). After culture, oocytes were mechanically 
denuded, fixed and stained with Hoechst 33342 for chromatin configuration evaluation with fluorescence 
microscopy. Germinal vesicle (GV) was classified as GV0, GV1, GV2, GV3, GVBD, MI (metaphase I), 
MII (metaphase II) and DEG (degenerate). Data were arcsine transformed and groups compared by the 
Tukey's test or Wilcoxon’s test when data were non-parametric. Differences were considered significant 
when P< 0.05. Oocytes examined at 0h (control group; n=110 oocytes from 4 replicates) were GV1 2.5%, 
GV2 40.1%, GV3 54.5%, GVBD 1.0% and DEG 1.9%. After pre-IVM for 12h (n=107 oocytes from 4 
replicates), 0.9% of the oocytes were in GV1, 27.1% in GV2, 49.5% in GV3, 20.7% in GVBD and 1.8% 
were degenerated. After pre-IVM for 24h (n=92 oocytes from 4 replicates), 2.8% of the oocytes were in 
GV1, 17.4% in GV2, 6.4% in GV3, 32.3% in GVBD and 41.1% were degenerated. Therefore, culture 
time did not alter the percentage of oocytes at GV1, but decreased the percentage of oocytes at GV2 
stage, which was significantly higher at 0h in comparison with 24h. After pre-IVM for 24h there was a 
decrease in the percentage of GV3 oocytes, while the GVBD rate increased gradually with time. In 
conclusion, the pre-IVM culture step tested is not capable to entirely prevent GVDB for 12h in bovine 
oocytes from abattoir. In addition, pre-IVM culture for 24h leads to degeneration of the chromatin and is 
not suitable for IVM/IVF. 
Acknowledgements: CAPES, FAPESP. 
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Anticipation of the first ovulation of the year in mares 
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Research on equine breeding has focused on understanding better the mechanisms that determine 
reproductive seasonality. Successful protocols that stimulate ovarian cyclicity in mares to overcome 
winter anestrus and/or prolonged transition phase concern to equine industry. Several strategies aiming 
the anticipation of first ovulation (OV) have been tested, in order to anticipate the breeding season. The 
aim of this study was to evaluate whether the ultrasound guided transvaginal follicular aspiration 
technique, associated with the administration of PGF2α during the spring transition season, was able to 
induce cyclicity in mares. The experiment was carried out in the Animal Reproduction area of the 
DRAA/IZ/UFRRJ, during the spring transitional season (August and September) of 2015. We selected 18 
mares (Mangalarga Marchador breed), aged 5-12 years, weighing between 350-450 kg. Mares were 
randomly assigned into two groups: Group 1 - Control (GI; n = 9), without treatment; Group 2 - 
Transvaginal follicular aspiration + PGF2α (Lutalyse®, Zoetis, Campinas, Brazil) (GII; n = 9), largest 
follicle aspirated (> 25mm) and seven days later, administration of 7.5 mg Dinoprost (PGF2α), IM. Only 
mares with absence of corpus luteum, as well as presence of a follicle>25 mm were used. The mean 
follicular diameter at the beginning of treatment was 29.1±0.7mm and 28.9±1.1 mm, for GI and GII, 
respectively. All mares were monitored every 48 hours until the time of the second OV following 
treatment. The GII group was more efficient (P <0.05) in promoting the anticipation of the first OV of the 
year comparing to GI group. For GII, 66.7% (6/9) of the mares ovulated between 14 and 16 days after 
starting the treatment, while in the GI, no animal ovulated. All mares (9/9) from GII ovulated up to 18 
days after treatment. On the other hand, in GI 22.2% (2/9), 66.7% (6/9) 88.9% (8/9), 100% (9/9) ovulated 
up to 18 days, 24 days, 30 days, and 42 days after treatment, respectively. The time until the first OV was 
24.9±7.5 and 16±1.2 days for GI and GII, respectively. An anticipation of 8.9 days in OV was observed 
in GII when compared to GI. All mares ovulated normally, demonstrating that none of them returned to 
the transitional period, and that the average days between the first and second OV did not differ between 
groups (P> 0.05). The results of the present study allow to conclude that the follicular aspiration 
technique during the spring transition period associated with administration of 7.5mg of PGF2α seven 
days later was able to induce cyclicity in mares. 
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ISG15 expression in peripheral blood mononuclear cells as an indicator to identity and 
monitor embryonic signaling in beef heifers subjected to fixed-time artificial insemination 
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In ruminants, maternal recognition of pregnancy is characterized by secretion of a protein called 
interferon tau (IFNT) produced by trophoblast cells. The endocrine action of IFNT on blood cells 
increases the expression of interferon-stimulated genes (ISGs), such as Interferon stimulated gene 15 
(ISG15). The objective of this study was to evaluate the expression of ISG15 in peripheral blood 
mononuclear cells (PBMC) in beef heifers subjected to fixed-time artificial insemination (FTAI). FTAI 
protocol was performed on 13 beef heifers. On Day -10, estradiol benzoate (2mg/IM) was injected and a 
progesterone intravaginal device (IVD) (1g) was inserted. On Day -2 the IVD was removed and 
prostaglandin and estradiol cypionate analog were injected. FTAI occurred 48 hours after IVD 
withdrawal (n=9; Day 0). The non-bred group was not inseminated (n=4). On Days 16 and 18 following 
FTAI, blood from the coccygeal vein was collected to isolate blood cells using 4mL tubes containing 
EDTA, then blood was diluted in 0.9% NaCl. In a 15 mL tube containing Ficoll-Paque PREMIUM® was 
slowly added the blood solution. Centrifugation was performed at 400XG for 20 minutes at room 
temperature. Thereafter, the following fractions were identified and separated: plasma, erythrocytes, 
mononuclear and polymorphonuclear cells. Next to the separation of the fractions, mononuclear cells 
(PBMC) were collected and stored at -80°C in a cryotube. Subsequently, mRNA extraction, cDNA and 
qPCR were performed. RPL19 and RN18S1 were used as housekeeping genes. After isolation of PBMC 
fraction, a glass-slide fraction-film was prepared to determine the purity of the fraction. The purity was 
accessed based on cell morphology. The percentage of PBMC present was determined and samples above 
95% were included in the study. On the 29th and 60th days following FTAI, the pregnancy diagnosis was 
performed by ultrasonography, in order to allocate them in one of the 02 groups: pregnant (n=6), non-
pregnant (n=3), and non-bred (n=4) heifers. Data were analyzed by ANOVA and multiple comparisons 
were performed by Tukey’s test. Differences were considered at P≤0.05. The results revealed that on Day 
16 following FTAI, there was no difference in ISG15 expression in PBMCs from pregnant, non-pregnant 
and non-bred heifers. No difference was found between non-pregnant and non-bred groups. However, 
results from the Day 18 showed significant difference between pregnant (upregulation) compared to the 
other groups. The results from Day 18 compared to Day 16 following FTAI revealed an upregulation in 
ISG15 expression in pregnant heifers (5 fold change). It suggests that the expression of ISG15 in 
mononuclear cells can be used as a tool not only to identify, but also monitor embryonic signaling along 
pregnancy in beef heifers. This research was funded by CNPq and CAPES. 
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The early embryonic development is a crucial stage for the determination of a successful pregnancy. One 
of the most important events of this period is the transition from maternal to embryonic genome 
activation (EGA), which occurs around 8-16 cells stage in the bovine. During this period of the 
developmental process, the maternal messenger RNAs (mRNAs) are replaced by embryonic mRNAs that 
regulate signaling pathways involved in cell differentiation, proliferation and metabolism. Recent studies 
showed that microRNAs (miRNAs), short non-coding RNAs, can regulate gene expression through post 
transcriptional mechanisms. Consequently, miRNAs can play a critical role regulating transcripts such as 
the maternal mRNA during and after the major maternal-to-embryonic transition. The aim of this study 
was to determine the dynamic of miRNAs levels during early bovine embryonic development in vivo. For 
this, bovine cumulus-oocyte-complexes and embryos produced by artificial insemination (AI) were 
collected through ovum-pick-up and oviduct flush. Samples of denuded mature oocytes as well as 4 cell 
embryos, 8-16 cell embryos, morulae and blastocysts were collected for real-time PCR analysis of 380 
bovine miRNAs. The day of AI was considered day 0 for embryo collection. Samples were grouped in 3 
polls of 10 oocytes; 5 embryos collected on day 2 (D2), containing 4 cells; 5 embryos collected on day 3 
(D3), containing 8 to 16 cells; 10 morulae and 10 blastocysts in each poll. Reverse transcription was 
performed with 100ng of total RNA using the miScript PCR System kit (Qiagen). Real-Time PCR 
analysis of the miRNAs was performed with a custom miRNA profiler plate. Data were normalized by 
the geometric mean of 3 endogenous small RNAs (RNU43snoRNA, bta-miR-99b and Hm/MS/Rt T1). 
The relative levels ΔCt were analyzed by ANOVA followed by Tukey-Kramer HSD test. A total of 175 
miRNAs were commonly identified from oocyte to blastocyst stage. The total number of miRNAs 
identified in each stage was 274 in oocytes, 263 in D2, 272 in D3, 302 in morulae and 292 in blastocyst. 
The total number of miRNAs identified as unique for each stage were four for oocytes, none for D2, one 
for D3, seven for morulae and eight for blastocyst. A total of 42 miRNAs were differentially expressed 
comparing from oocyte throughout blastocyst stage. Additionally, a total of 32 miRNAs were differently 
expressed comparing oocytes, D2 and D3 embryos. Bioinformatics analysis identified regulated pathways 
that play an important role modulating cell differentiation and metabolism such as Hippo signaling, TGF-
beta, Cell cycle and ErbB signaling. Thus, is important to understand how miRNAs levels are dynamic 
changing during early embryonic development and their predict impact modulating different pathways 
during each developmental stage in vivo, which can be applied on the assisted reproduction industry in 
cattle and humans. Financial support: FAPESP 2014/22887-0 and 2015/21674-5. 
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Functionality evaluation of two extenders for Puma concolor sperm cryopreservation by 
interspecific in vitro fertilization with domestic cat oocytes 
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Despite some advance in the cryopreservation of sperm from endangered felids, little is known about 
suitable protocols to cryopreserve sperm from Puma concolor (PC). In the present study, sperm obtained 
by electroejaculation from five different males were cryopreserved in either a Tes-Tris- or a lactose-based 
diluent. The objectives were 1) to compare in vitro motility and acrosome status of PC sperm 
cryopreserved in both extenders and 2) to test functionality of PC sperm cryopreserved in both extenders 
through their ability to fertilize mature domestic cat oocytes. Straws were thawed by exposing them to air 
for 10s and then immersing them in a water bath at 37°C for 30s. The contents of the straws were poured 
into a sterile 1.5-mL microtube pre-warmed to 37°C. The sperm suspension was diluted (1:3 v/v) by the 
slow (drop by drop) addition of a modified Tyrode’s solution. Sperm parameters, percentage of motile 
spermatozoa and quality of motility was assessed and sperm motility index (SMI) was calculated as 
follows: [% motile sperm + (quality x20)]/2. Acrosome integrity (AI) was assessed by staining with 
Coomassie brilliant blue. For IVF, in vitro matured domestic cat oocytes (n=256 Tes-Tris, n=274 lactose) 
were co-incubated with 0.5 × 105 motile spermatozoa mL−1 under 5%CO2 in air at 38.5ºC for 18–20h. 
Presumptive zygotes were cultured in vitro in 50 µl drops of modified Tyrode’s medium in 5%CO2, 
5%O2, 90%N2 at 38.5ºC. Cleavage was assessed 48h post fertilization, and 5% FBS was added at day 5 of 
in vitro culture. Blastocyst stage was evaluated at Day 8. Results, mean (± s.e.m.), showed that SMI and 
AI (pre&post thawing) was similar for both extenders: pre-thawed (SMI: 66 ± 2.4 vs. 64 ± 2.6; AI: 66 ± 
6.1% vs. 60 ± 7.4%), and post-thawed (SMI: 66 ± 7.5 vs. 74 ± 3.7; AI: 40 ± 7.3% vs. 39 ± 6.0%) Tes-Tris 
vs. lactose respectively. For IVF, results showed a high cleavage rate in both groups (141/256, 55±2.4% 
vs. 148/274, 54±5.2%), and a high development to morula (110/256, 43±4.3% vs. 114/274, 42±2.9%), 
and to the blastocyst stage (70/256, 27±3.6% vs. 76/274, 28±2.6%) for all males (Tes-Tris vs. lactose 
respectively). There were no significant differences between groups at any development stage. In 
conclusion, we found that both extenders can be used to cryopreserve PC sperm maintaining functional 
conditions and that fertilizing capacity can be tested using in vitro-matured domestic cat oocytes. 
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The oocyte cumulus complex (COC) when removed from its follicular environment undergoes 
spontaneous and early resumption of meiosis (Zhang et al., Molecular Human Reproduction, 15:399-409, 
2009), which is one of the reasons why in vitro matured oocytes have lower developmental competence 
when compared to in vivo matured oocytes. However, there are no previous studies describing the 
dynamics of chromatin configuration after slaughter, this is particularly relevant to studies aiming to 
evaluate chromatin status in oocytes recovered from ovaries obtained in abattoirs. The aim of this study 
was to assess the effect of time after slaughter on chromatin configuration of bovine oocytes. COCs were 
aspirated from abbatoir ovaries at 2 (n = 384) or 4 hours (n = 314) after slaughter. To control effect of 
time, the averages of time of slaughter waiting, transport and manipulation of oocytes were 40min, 15min 
and 1h, respectively, for the group of 2hs; and 2h20min, 40min and 1h, respectively, for the group of 4hs. 
The ovaries were transported in a thermal vessel containing sterile saline solution (0.9% NaCl) heated at 
35-37°C. In the laboratory, ovaries were washed in heated saline solution, sterilized with 70% alcohol, 
and follicles 3-8mm in diameter were aspirated for oocyte recovery. Oocytes were denuded, fixed in 
methanol 60%, washed in PBS solution, stained with 1μg/ml Hoechst 33342 and chromatin configuration 
was evaluated in a fluorescence microscope (Nikon Eclipse 80i) to be classified in 4 germinal vesicle 
(GV) stages with increasing chromatin compaction (GV0, GV1, GV2 and GV3) or as germinal vesicle 
breakdown (GVBD) and degenerate (DEG) oocytes. The data were arcsine transformed and groups were 
compared by the Wilcoxon test, considering values of P <0.05 as significant differences. Two hours after 
slaughter, percentages of GV0, GV1, GV2, GV3, GVBD and DEG oocytes were, respectively, 0%, 7.4%, 
46.4%, 35.4%, 0.9% and 9.9%. The correspondent percentages after 4h post mortem were 0.7%, 1%, 
43%, 43.7%, 0.1% and 11.5%. The distribution pattern of oocyte classes did not differ between 2 and 4 
hours after slaughter. These data suggest that as long as the oocyte remain in its physiological 
microenvironment, chromatin configuration does not significantly change until 4 hours after slaughter. 
Acknowledgment: FAPESP, CAPES, LaMEm, Professor Marcelo Nogueira, Professor Anthony C. 
Castilho.
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Induced thermotolerance is a biological phenomenon that consists of cellular resistance after heat 
treatment and our hypothesis is that this phenomenon can be used for the benefit of embryos in periods of 
thermal stress. The objective of this study was to induce thermotolerance in bovine embryos and to 
analyze their development after implantation in the recipients. For this purpose, F1 Holstein-Gir cows 
were aspirated to obtain oocytes and embryos were produced by in vitro fertilization using conventional 
protocols. The embryos of the TT group were submitted to the temperature increase curve varying from 
39 to 40.5°C, for 6h, 144 hpi. 168hpi blastocysts (N 33, 56TT and 77C) were transferred to crossbred 
Holstein-Gir recipients, between November/2017 and February/2018, in four replicates. The gestations 
were followed from days 31 to 55, every 6 days, by ultrasonography, measurements were made of the 
area of the embryonic vesicle (VES); caudal skull length (CCC); biparietal diameter (DBP); and fetal 
heart rate (HR). CEUA 3956180316. The means of the measurements were analyzed statistically through 
the Student's T-Test. There was no differences between gestation rates of the gropus (C=22, TT=18, 
P=0.70, Ficher exact test). At 31 days of gestation (D31) there was no difference between the areas of 
VES between groups (C=9.71 ± 1.61mm2, TT=9.68 ± 1.14 mm2, P=0.9495). In the D37 the VES area 
was higher in the TT group (C=13.71 ± 1.67 mm2, TT=15.81 ± 2.41 mm2, P=0.0062). In D43, D49 and 
D55, there were no differences between VES area between groups (D43, C=20.98 ± 2.37 mm2, TT=21.87 
± 2.47 mm2, P=0.2781, D49, C=28.8 ± 2, 35 mm2, TT=30.04 ± 2.50 mm2, P=0.1377, D55, C=36.43 ± 
3.77 mm2, TT=37.87 ± 3.58 mm2, P=0.2580). The CCC did not differ on days D31, D37, D43, D49 and 
D55 between the groups (D31, C=9.38 ± 1.43 mm, TT=9.50 ± 0.96 mm, P=0.7976, D37, C=15.62 ± 
2,02mm, TT=16.05 ± 1.87mm, P=0.5073, D43=23.03 ± 1.72mm, TT=23.06 ± 1.97mm, P=0.9628, D49, 
C=31.95 ± 1.78mm, TT=31.85 ± 1.65mm, P=0.8649, D55, C=45.76 ± 3.79mm, TT=45.38 ± 2.72mm, 
P=0.7321). The DBP did not differ on days D43, D49 and D55 between groups (D43, C=8.06 ± 0.70 mm, 
TT=8.37 ± 0.47 mm, P=0.1198, D49, C=10.59 ± 0.83 mm, TT=10.62 ± 0.55 mm, P=0.9155, D55, 
C=12.50 ± 0.87 mm, TT=12.43 ± 1.20 mm, P=0.8530). The HR did not differ on days D43, D49 and D55 
between the groups (D43, C=183.23 ± 6.94bpm, TT=185.53 ± 6.39bpm, P=0.3547, D49, C=181.05 ± 
3.76bpm, TT=182 ± 4.74bpm, P=0.5626, D55, C=173.93 ± 11.06bpm, TT=178.07 ± 6.35bpm, 
P=0.2188). Although direct effects on pregnancy rates and fetal growth were not observed, the heat 
treatment performed was safe and did not affect fetal implantation and development. The increase in size 
of the germinal vesicle in the TT group suggests benefit to the embryos treated in the initial stages of 
formation of the appendages and fetal membranes, possibly through an adaptive response. Developments 
in this study are ongoing.  
Acknowledgments to FAPEMIG. 
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In mammals, corpus luteum (CL) secretes P4 that is necessary to establish and maintain pregnancy. 
Normal luteal function requires an intricate molecular regulation, which involves transcription and 
translation of several genes. MicroRNAs are small non-coding RNA molecules involved in post-
transcriptional regulation of target genes leading to mRNA degradation or translation repression and may 
play a role in regulating CL function during maternal recognition of pregnancy. Previous studies have 
demonstrated an increased rate of embryo loss in SCNT due to embryonic developmental problems 
leading to impaired pregnancy recognition. This study tested the hypothesis that IVF and SCNT-derived 
conceptuses elicit a different miRNA profile in the corpus luteum of recipient cows. Slaughterhouse 
ovaries were collected to make SCNT embryos. IVF embryos were performed by commercial laboratory. 
On day 7, Nellore cows previously synchronized received one IFV or SCNT embryo. The CL samples 
from six cows were collected on day 19 of pregnancy, in animals carrying a single embryo produced by 
IVF (n=3) or SCNT (n=3). P4 concentration in serum were measured on days 9, 14 and 19 following 
embryo transfer. Total miRNA reverse transcription for mature miRNAs was performed in CL samples 
from recipient cows carrying IVF or SCNT embryos using miScript HiSpec Buffer. We evaluate the 
relative levels of 384 bovine miRNAs. Geometric mean of miR-99b, RNU43 snoRNA and Hm/Ms/Rt U1 
snRNA was used to normalize the data and differences in relative levels were determined by Student’s t-
test. Progesterone concentration in serum was similar between IVF (11.40 ± 0.5ng/mL; 12.90 ± 
2.1ng/mL; 16.97 ± 2.28ng/mL) and SCNT (10.97 ± 4.32ng/mL; 17.07 ± 6.87ng/mL; 16.40 ± 2.40ng/mL) 
groups on days 9, 14 and 19, respectively. A total of 288 mature miRNAs were identified in IVF and 
SCNT CLs, with 10 miRNAs differently detected between the groups. In CL from SCNT pregnancies, 8 
miRNAs were downregulated, while 2 miRNAs were upregulated when compared with CL from IVF 
group. Bioinformatics analysis with DIANA (TarBase v7.0) was used to determine enriched pathways 
regulated by these miRNAs. The increased miRNAs (miR-130b, miR-149-5p, miR-222, miR-218, miR-
454, miR-485, miR-490 and miR-584) in CL from IVF group regulated signaling pathways such as FoxO, 
TNF, estrogen, TGF-beta, mTOR and steroid biosynthesis. Furthermore, bta-miR-101 and bta-miR-33a, 
that were upregulated in CL from SCNT modulates MAPK, FoxO and TGF-beta pathways. Some 
individual miRNAs were previously identified as involved in modulation of angiogenesis, steroidogenesis 
and CL regression. The results suggest that on day 19, molecular changes may occur in CL of IVF and 
SCNT embryo recipients cows possibly caused by conceptus of different origins and may contribute to 
impaired pregnancy recognition during this time.  
Funding: FAPESP 2014/22887-0; FAPESP-CONFAP 2016/50433-9; FAPESP 2017/19681-9. 
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Thermal stress during embryonic development is associated with increased gestational losses in cattle. An 
alternative to avoid the negative effects of thermal stress is to induce thermotolerance, a phenomenon that 
involves the expression of HSP proteins and makes the cells resistant to subsequent stress. The aim of this 
study was to develop a protocol for the thermal treatment of Girolando (3/4) IVF embryos, which would 
induce thermotolerance without causing negative effects over development. For this, embryos produced 
in vitro from Girolando cows (1/2) were used (CEUA-EGL 3956180316). After some tests, we 
standardized a temperature increase curve ranging from 38.5 to 40.5ºC for 6 hours, applied in morulae 
(144hpi) – TT group, which did not alter the production of blastocysts/ morulae at d7 (C 70.20%, TT 
71.67%, p = 0.82, Fisher exact test, n = 371 morulae, 173-198 per group). Immunofluorescence analysis 
showed that the treatment induced increased nuclear expression of HSP70 protein after 12h (C 43.27 ± 
9.22, TT 62.80 ± 18.10, p = 0.01, T Test, n = 19 blastocysts, 9- 10 per group), measured by fluorescence 
intensity using Photoshop software (pixels 0-255). There was no effect on the blastocyst total cell number 
(C 70.53 ± 20.06, TT 78.00 ± 14.87, T-test, n = 27 blastocysts, 12 to 15 per group). In a second 
experiment, the TT embryos were exposed to thermal shock at 40.5 ° C for 2 hours at d7, and survived 
15% more than control embryos (C 71.42%, TT 86.66%, p = 0.004, Fisher's exact test, n = 263 
blastocysts, 124-139 per group). The effects of treatment after implantation are described in another 
abstract. The future prospects of the study include embryo transfer of TT embryos in lactating cows, 
during the summer, to validate the thermotolerance of the embryos, and to follow gestations till birth to 
prove the safety of this treatment. Therefore it is concluded that the induction of survival mechanisms can 
be an important strategy to mitigate the effects of thermal stress. 
Acknowledgements: Fapemig CVZ APQ 00972/16 and CNPq (PIBIC). 
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The objectives of the study were 1) to correlate plasma levels of calcium in early postpartum with the 
incidence of subclinical endometritis in the late postpartum period and; 2) to evaluate the effect of 
calcium formate supplementation on uterine health. The study was carried on in two stages using 73 
multiparous and primiparous cows from Jersey and Holstein breeds. In the first experiment the calcium 
level at 24 hours after calving was correlated with the percentage of neutrophils and the incidence of 
subclinical endometritis. Blood samples were collected after delivery to determine the serum calcium 
concentration and cytology for determination of subclinical endometritis was performed 34 to 40 days 
after delivery by Cytobrush method. The percentage of neutrophils was affected by calcium concentration 
in the first 24 hours postpartum (P≤0.01). The second experiment was carried out to evaluate the effect of 
calcium formate supplementation in animals with different plasma levels of calcium on the incidence of 
subclinical endometritis. The animals were classified according to calcium concentration 
(normocalcemic: Ca ≥ 8.5mg/dL or hypocalcemic: Ca<8.5mgdL) and were randomly assigned to receive 
(Treated group) or not (Control group) calcium formate supplementation at 6 and 30 hours after delivery. 
Calcium formate treatment reduced neutrophil counts only in normocalcemic cows (P<0.05). In addition, 
calcium formate treatment decreased the frequency of animals with subclinical endometritis between days 
34 and 40 postpartum (P <0.05). In this study we demonstrated that calcium concentrations in first 24h 
postpartum affects the percentage of endometrial neutrophils 34 to 40 days later. Moreover, we can 
conclude that supplementation of two doses of calcium formate at 6 and 30 hours postpartum reduces the 
incidence of subclinical endometritis in normocalcemic cows. Cows with calcium concentration higher 
than 8mg/dL in the first 24h postpartum have lower incidence of subclinical endometritis. 
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High temperatures during bovine oocyte maturation have been associated with changes in gene 
expression and on embryonic chromatin organization. This study aimed to analyze the effect of two 
epigenetic modulators on the development of embryos derived from oocytes submitted to heat shock: 1) 
Scriptaid, an inhibitor of histone deacetylase and 2) 5-Aza-2'deoxycytidine (AZA), an inhibitor of DNA 
methylation. Bovine oocytes from slaughterhouse ovaries were matured in vitro at conventional 
temperature (38ºC) for 24h (group with no heat shock: NHS) or at 41.5ºC for 12h followed by 38ºC for a 
further 12h (heat shock group: HS) under the same conditions of the NHS group. Afterwards, the oocytes 
from both groups were fertilized in vitro for 20h and after the end of fertilization the presumptive zygotes 
were denuded and randomly exposed to 500 nM Scriptaid or 10 nM AZA for 0h or 24h, comprising six 
treatments: NHS-0h (n=258), NHS+24hScriptaid (n=242), NHS+24hAZA (n=255), HS-0h (n=263), 
HS+24hScriptaid (n=261) and HS+24hAZA (n=276). Embryos were cultured in CR2aa medium 
supplemented with 2.5% FBS at 38.5°C with 5% CO2, 5% O2, 90% N2. Five replicates were performed 
and data (mean+SEM) was analyzed by logistic regression (Pro Logistic, SAS). Cleavage rates at day 
three and blastocysts rates at day eight post-fertilization were compared among treatments. Higher 
cleavage rates (P<0.05) were found in all NHS groups (NHS-0h: 67.4±3.8%; NHS+24hAZA: 60.5±5.7%; 
NHS+24hScriptaid: 76.2±3.3%) when compared to heat shock groups (HS-0h: 53.0±10.6%; 
HS+24hAZA: 45.3±9.3%; HS+24hScriptaid: 53.2±13.8%). The use of both epigenetic modulators in 
embryos derived from oocytes with no heat shock (NHS+24hAZA: 22.8±2.6%, NHS+24hScripatid: 
24.8±4.9%) reduced (P <0.05) blastocyst rate when compared with NHS-0h (38.1±5.2%). However, the 
same effect was not observed when the comparison was performed among embryos derived from oocytes 
submitted to heat shock. There was no difference (P> 0.05) between HS+24hAZA (16.4±3.1%), 
HS+24hScriptaid (15.2±3.8%) and HS-0h (17.1±4.5%) treatments. In conclusion, AZA and Scriptaid 
have a negative effect on the development of embryos derived from oocytes matured in vitro under 
conventional temperature, but that same effect is not observed when embryos are derived from oocytes 
matured under heat shock conditions. It is suggested that the effect of heat shock during in vitro 
maturation overlaps the effects of AZA or Scriptaid on embryonic development. Further analyzes should 
be performed to identify possible differences in chromatin organization among treatments. Financial 
support: CNPq and Fapemig. 
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Female embryos are more sensitive to embryo culture in vitro and X-chromosome inactivation seems to 
be one of the epigenetic events related to this fragility. The supplementation of the culture medium with 
agents that aim to align this process is presented as an alternative to stimulate the embryonic 
development. The present study aimed to identify the influence of the association of two epigenetic 
modulators (Tricostatin A and Folic Acid - TSA + AF, at concentrations of 10μM and 5 nM, respectively) 
in the initial development of female bovine embryos, since the use of these separately showed no 
influence on embryonic development and blastocyst rate (unpublished data). Oocytes were obtained from 
slaughtered ovaries, matured, fertilized in vitro (d0) with sexed semen (X chromosome) and cultivated 
(d1) in embryo culture system in pools, allowing individual monitoring of structures during development 
(homemade chamber). Two groups according to the time of development (4 days -Gd4 and 5 days -Gd5) 
were used for the time of supplementation. The percentages of cleavage and blastocysts were compared 
using Fisher's Exact Test, and the embryonic development analyzes were submitted to the normality test 
and evaluated using the Mann-Whitney U Test (5%, Graphpad Instat Demo). The number of cells 
estimated for analysis was established based on previous results produced in our laboratory, in which 
embryos smaller than 16 cells were categorized containing 14.3 cells, 30 morulae and d10 blastocysts 
101.1. In Gd4, the cleavage rate did not differ (TSA + AF: 74% -n = 47; C: 63% -n = 48) between groups. 
The blastocyst rate was significantly higher (p = 0.048) in the control group (TSA + AF: 17% -n = 13; C: 
31% -n = 20 **), and the modulators did not influence in the number of cells blastocysts recovered at d7 
(TSA + AF: 21.14 ± 4.69; C: 41.22 ± 6.70). At time d5, the cleavage rate did not differ (TSA + AF: 59% 
-n = 82; C: 59% -n = 66). The blastocyst rate was significantly higher (p = 0.0125) in the control group 
(TSA + AF: 18% -n = 26; C: 33% -n = 37 **), and the supplement showed (p = 0496) a negative 
influence on the number of blastocyst cells recovered at d7 (TSA + AF: 18.61 ± 5.77; C: 29.99 ± 8.617 
**). Thus, we concluded that in the concentrations used, the association between folic acid and 
Trichostatin A was not beneficial for delayed female embryos, and the time of treatment did not seem to 
influence the effects caused by supplementation in the medium. Acknowledgments: FAPEMIG, 
EMBRAPA, CAPES, CNPq. 
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In cattle, sex selection has economic and genetic value in systems in which productivity is favored by the 
progeny of one sex. Due to this fact in the in vitro embryo production (IVP), were developed methods to 
separate populations of X and Y bearing sperm. Sex can influence embryo development as early as 
blastocyst stage, moreover sperm sexing process by flow cytometry can lead to DNA damage and 
changes on the transcription profile of embryos produced with this type of sperm. Furthermore, it could 
impair blastocyst development in the IVP. In this study we aimed to identify those transcript changes on 
Trofectoderm (TE) or inner cell mass (ICM) of male and female embryos from blastocysts produced in 
vitro with either conventional or sorted spermatozoa by flow cytometry. We used sorted (X and Y) and 
conventional semen on IVP from the same bull, known for fertility. Cleavage rate at 48 hours and 
blastocyst rate and embryos were collected on day 7.5. TE were isolated from embryos by microsurgery, 
immunosurgery were applied on ICM from the same embryo to remove the remaining TE cells. 
Immunosurgery-removed TE cells were them used to verify and confirm the embryo sex by PCR. We 
evaluate the cell isolation process with immunostaining for SOX2 (for ICM) and CDX2 (for TE). ICM 
viability were analyzed by culturing in vitro on TeSR1 modified media. We than used four paired TE and 
ICM a total of 32 samples, male and female, produced by sorted and conventional semen for RNA-seq. 
There was no difference on cleavage rate and embryo production. Immunostaining showed that was 
possible to accurately isolate ICM and TE cells, maintaining cell viability on in vitro culture. In this work, 
we were able to identify embryo sex using the remaining TE cells. For conventional semen, we had 60% 
male and 40% female, for sorted semen we had an accuracy of 80% for both sex. Furthermore, using R 
package DESeq2 (adjusted p value>0.05 and log2foldchange>2 or<-2), were identified 2065 differential 
expressed genes between ICM (1101 genes) and TE (964 genes). Important genes for the maintenance of 
cellular pluripotency (NANOG) and the development of inner cell mass (SOX2) were identified. 
Enrichment analysis showed that, for ICM, the most enriched pathways belong to biological process with 
134 genes, when compared with TE. For TE, were found that the most enriched pathways belong to 
cellular components with 230 genes. Using SRY gene and Y chromosome homologous genes (EIF1AY, 
UTY, ZRSR2y, DDX3Y, EIF2S3Y) we were able to confirm embryo sex. However, it was not possible to 
accurately identify transcription differences between the embryos produced with or without sorted semen, 
nor between the male and female ICM and TEs, although it was possible to accurately isolate these 
factors. These results contribute with robust information about cell differentiation during bovine 
blastocyst stage.  
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The objective of this study was to observe the prevalence of bacteria isolated from uterus of mares and to 
associate this prevalence with cytology results. The study was carried out in an equine breeding farm, 
located in Seropédica-RJ (Brazil), during the breeding season of 2017/2018. Sixteen cyclic recipient 
mares (Mangalarga Marchador breed), with absence of apparent abnormalities of reproductive tract 
verified by ultrasonography (US) during estrus, with recent history of one or more negative pregnancy 
diagnoses, were used. Mares estrus cycle were monitored every 48 hours, through US in B-mode using 
Mindray Medical International Limited, model Z5 VET, with 7.5 Mhz rectal linear transducer. Sample 
collection for microbiological culture and endometrial cytology were performed when a follicle ≥ 35 mm 
of diameter and uterine ecotexture classified as ≥ 3 was observed. The method for collection, storage, and 
inoculation in petri dish for microbiological culture were performed as previously described by Oliveira 
et al. (Veterinária e Zootecnia, 17 (1): 43-46, 2010). Sample collection, preparation and endometrial 
cytological slide reading were followed as described by Alvarenga, et al. (Medical Journal of Minas 
Gerais, 5: 132, 1995). Cytologies were classified according to degree of inflammation as absent, moderate 
and severe, when 0-2, 3-5, >5 neutrophils per field were found, respectively (Leblanc&Causey, 
Reproduction of Domestic Animals, 44: 10-22, 2009). Out of 16 cytologies performed, 43.75% were 
negative and 56.25% were positive, 50% with moderate inflammation and 6.25% with severe 
inflammation. Out of 16 microbiological cultures, 12.5% were negative and 87.5% were positive for one 
or two bacteria. We found a prevalence of 37.5%, 6.25%, and 6.25% when the cultures were positive for 
only Escherichia coli, Streptococcus spp, and Proteus spp, respectively. We also found a prevalence of 
12.5%, 12.5%, 6.25% and 6.25% when cultures were positive for E. coli/Klesibiella pneumonia, E. 
coli/Staphylococcus spp, Proteus spp/Klesibiella pneumoniae and E. coli/Streptococcus spp, respectively. 
Out of nine mares, 11.11% were positive for endometrial cytology and negative for microbiological 
culture and 85.71% were negative for endometrial cytology and positive for microbiological culture. Out 
of 16 mares without clinical symptoms for endometritis, 14 (87.5%) presented bacterial presence in the 
endometrium and 56.25% (9/16) with positive cytology, possibly confirming bacterial endometritis. The 
most isolated bacteria was E. coli with 68.75% (11/16) of frequency. Considering that, some mares were 
positive for cytology and negative for culture and vice versa, and a high number of positive for cytology 
and culture, we concluded that the use of uterine cytology associated with bacterial culture is crucial for a 
more effective diagnosis of subclinical endometritis in mares during breeding season. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.487, Jul./Sept. 2018 487 

A197  Embryology, Developmental Biology and Physiology of Reproduction  
 

Effect of heat stress at the beginning of gestation of dairy cows on reproductive  
indexes of daughters 

 
E.A. Lima1, R.E. Orlandi1, L.M.S. Simões1, M.P. Bottino1, A.P.C. Santos1,  

F.O. Scarpa2, J.N.S. Sales1 

 
1UFLA - Universidade Federal de Lavras, Lavras, MG, Brasil; 2FBR - Fazenda Bom Retiro,  

Pouso Alto, MG, Brasil. 
 
 
The objective was to evaluate the effect of heat stress at the beginning of gestation on reproductive index 
of offspring in dairy cows. Retrospective data related to reproductive indexes of daughters of Holsteins 
cows that conceived during summer (December to February) or winter (June to August) were analyzed 
(n=318 and n=642 respectively). Conception dates for inclusion of the animals in the Summer or Winter 
groups were estimated by subtracting 280 days from the date of birth of the daughters. In a subgroup of 
animals, ultrasound evaluations were performed to count antral follicles (Summer - n=36 and Winter - 
n=39). The study was carried out in three commercial dairy farms located in the south region of Minas 
Gerais state, with cows born between 2007 and 2015, kept in a free-stall system, voluntary waiting period 
of 42 days and inseminated after ovulation synchronization protocol. Based on weather data from the 
nearest weather station available on the website of the National Meteorological Institute (INMET), it was 
verified that the mean temperature-humidity index (THI) from 2010 to 2017 calculated by the formula: 
[THI = temperature of the dry bulb + (0.36 * dew point temperature) + 41.2] in the Summer group was 
70.1 and in the Winter group was 60.6. All data were analyzed by GLIMMIX procedure of SAS and 
continuous variables were presented by mean ± standard error. Variation factors for daughters were 
included in the statistical model and multivariate analysis was used to verify the effect of heat stress on 
the studied variables. There was no interaction between farms and heat stress for the studied variables. It 
was verified that daughters of cows conceived in winter presented greater age at first insemination 
(Winter - 475.3 ± 4.1 days and Summer - 469.3 ± 8.1 days, P=0.01) and at first calving (Winter - 798.8 ± 
5.1 days and Summer - 789.1 ± 8.8 days, P=0.02). However, daughters of cows conceived during winter 
period presented lower interval calving/first insemination (Winter - 66.7 ± 1.3 days and Summer - 75, 5 ± 
2.8 days; P=0.01). There was no difference between groups for pregnancy rates at first insemination 
[Winter - 50.3% (323/642) and Summer - 54.4% (173/318); P=0.15], number of services per conception 
at first (Winter - 1.9 ± 0.1 services and Summer -1.9 ± 0.1 services, P=0.41), and second calving (winter - 
3.2 ± 0.1 services and summer - 3.0 ± 0.2 services, P=0.82), interval between first and second calving 
(Winter - 507.8 ± 10.4 and Summer - 484.5 ± 13.3 days, P=0.13), calving numbers (Winter - 2.3 ± 0.1 
and Summer - 2.3 ± 0.1, P=0.43) and antral follicles counting (Winter - 31.5±2.8 follicles and Summer - 
37.0±2.9 follicles; P=0,14). It is concluded that daughters of cows conceived during winter are older at 
first insemination and at first calving, but are inseminated sooner after first calving. 
Support: FAPEMIG. 
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The splicing of messenger RNA precursors to mature mRNA is a critical component of the gene 
regulation process that can encode distinct proteins or affect mRNA stability, localization, storage, and 
translation. Correlations between higher embryonic mortality with embryonic and fetal growth 
retardation, reduced placental IGF2 expression patterns and fetal abnormalities have already been 
described in in vitro-produced (IVP) conceptus. The IGF2 locus is a complex genomic region with 
multiple alternative splicing transcripts from several leader exons controlled by four distinct promoters 
(P1, P2, P3, and P4). The present study aimed to evaluate the IGF2 promoter-specific expression pattern 
in bovine oocytes and in preimplantation embryos as a means of unraveling some aspects of the 
developmental physiology of bovine embryos produced in vitro. For that, immature and matured oocytes, 
and preimplantation embryos at distinct stages of development (1-, 2-, 4-, 8-, 16-cell stage embryos; 
morula, compact morula, blastocyst and expanded blastocyst stage embryos) were collected in pools of 
five structures per stage, after three IVP procedures. Total RNA was extracted from each pool and reverse 
transcribed into cDNA, which was subjected to qPCR, using a series of IGF2 promoter-specific primers 
for the four known bovine isoforms. Amplified fragments were sequenced for confirmation. Data on 
expression of the IGF2 isoforms were analyzed by ANCOVA, using the β-actin endogenous control gene 
as co-variate, with pairwise comparisons between stages done by LSM, for P<0.05. The expression of the 
IGF2 driven by the P2 and P4 promoters followed patterns similar as previously reported for bovine 
embryos. An initial expression peak was detected in early development, between matured oocytes and 2-
cell stage embryos, mostly from transcript accumulation prior to fertilization, followed by a decrease in 
transcript abundance until embryo genome activation (EGA), at the 8-cell stage embryo. The P2- and P4-
derived IGF2 splicing variants were also detected at compaction and cavitation. IGF2 expression driven 
by the P1 promoter was negligible at the initial stages, increasing after EGA, especially during 
compaction, prior to cavitation. The P3 activity was not detected at any stage. Our findings provide some 
further understanding of bovine in vitro embryo development, with the P1 and P2 promoters likely having 
secondary roles during early stages of development, whereas the P3 promoter could be relevant later on, 
as shown by others. The P4-driven IGF2 expression seems to be the main pathway for IGF2 synthesis 
during fetal development in most species, and our results corroborate with such concept. We suggest that 
promoter P4, if genetic manipulated, could be used to influence in vitro embryo production in studies for 
the modulation of embryo growth and development. 
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The objective of this study was to evaluate variables related to morphological, functional and 
endocrinological alterations related to cloprostenol sodium induced luteolysis in bovine females. Twenty-
five crossbred (Bos taurus x Bos indicus) non-lactating females, heifers (12) and cows (13), weighing 
between 318 and 457 kg, aged between 26 and 54 months, between days 7 and 16 of the estrous cycle 
were used. After selection, (0h) the animals' blood was collected using vacuum collection tubes without 
anticoagulant. On the same day, ultrasound evaluation of the ovaries was performed using B-mode and 
color Doppler technology (Mindray-M5™). They were recorded from each ovary that had the corpus 
luteum (CL), a sequence of 252 frames in B mode and 150 frames in Doppler mode. Immediately after 
the evaluations, 0.5mg of Cloprostenol sodium (Estron®-Agener União, Brazil) was applied IM. Blood 
samples and the same ultrasonographic evaluations were done 24, 48 and 72 hours after luteolytic 
application. Mode B images were used to measure the perimeter and area of the corpus luteum (CL). The 
color Doppler images were used to determine the vascularization score on a scale of 1 to 4. Serum 
obtained from the blood samples were used for the measurement of progesterone (P4) via 
Electrochemiluminescence (ECL) using Cobas E411 equipment and commercial Elecsys ™ kits 
Progesterone III (Roche™). The B mode CL measurements and P4 concentrations were accessed by 
Anova and compared between the days using Tukey's test. Vascularization scores between the different 
days were compared by the Kruskal Wallis test. Significant probabilities less than 5% were considered. 
The intra-assay coefficient of P4 dosages was 1.67%. The mean P4 concentrations were 7.65±2.80a; 
4.12+1.49b; 0.53+0.29c and 1.04+0.21c ng/mL for times 0, 24, 48 and 72 hours (P> 0.05). The mean CL 
circumferences were 5.78±1.23a; 5.24+1.09a; 3.98+0.94b and 2.20+0.59c cm and area 2.43+0.80a; 
1.97+0.64ab; 1.29+0.44b and 0.61+0.24c cm2 for the times 0, 24, 48 and 72 hours (P<0.05). The mean 
values of CL vascularization score were 3.7a; 1,3b; 0.8bc and 0.5c for 0, 24, 48 and 72 hours, respectively 
(P<0.05). The efficiency of luteolysis was 100%. The reduction of vascularization and concentration of 
P4 was observed at 24 hours, that is, at the 1st evaluation after the application of the product. On the other 
hand, the morphological regression of CL occurred only in the 2nd evaluation, at 48 hours, one day later 
than the functional and endocrinological regression. It is concluded that the product used is efficient in 
causing luteolysis in bovine females. Functional regression and reduction of P4 concentrations precede 
morphological changes in CL. 
Supported by: Agener União, Biotran, Fapemig, Capes and CNPq. 
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Paraoxonase-1 (PON1) is an enzyme synthesized by the liver and found in serum and follicular fluid in 
cows. PON1 has antioxidant activity and it is positively related to fertility. The objective of this study was 
to evaluate the association between PON1, serum estradiol concentration and follicular diameter, as well 
as luteal size and serum progesterone concentration in cows submitted to an E2/P4-based FTAI protocol. 
Fourteen Aberdeen Angus cows (Bos taurus, BCS: 2.9 ± 0.2, 48 months, 450 kg, non-lactating and non-
pregnant) received an intravaginal progesterone-releasing device (1g, Primer®, Agener União, São Paulo) 
plus 2 mg i.m. of estradiol benzoate (RIC-BE®, Agener União) on Day 0. On Day 8, device was removal 
and it was administered 0.150 mg i.m. of d-cloprostenol (Prolise®, Agener União) and 1 mg i.m. of 
estradiol cypionate (ECP®, Zoetis, NJ, USA). Cows were evaluated by ultrasonography each 12 hours to 
measure follicular size and to detect the ovulation, seven days after ovulation was performed luteal size 
mensuration. Blood samples were collected after device removal, ovulation and seven days after 
ovulation to evaluate serum estradiol and progesterone concentration and PON1 activity. Steroid 
hormones were evaluated by chemiluminescence method. Activity of PON1 was evaluated by 
spectrophotometry. Cows were classified in two groups according serum PON1 activity: higher activity 
(HA; >105.0 U/mL) or lower activity (LA; <105.0 U/mL). Results were evaluated by software 
GraphPad® 6.01 (GraphPad software, Inc., CA, USA). Groups were compared by T test. In addition, 
PON1 levels were correlated by simple linear regression with the variables. PON1 activity was higher on 
ovulation moment than 7 days after ovulation. Estradiol concentration was not different between groups 
on day 8 (LA: 32.8±4.9 pg/mL; HA: 35.8±6.0 pg/mL; R²=0.06) and on ovulation time (LA: 42.0±6.0 
pg/mL; HA: 42.9±5.3 pg/mL; R²=0.02). Progesterone concentration was higher in LA group (LA: 4.9±1.5 
ng/mL; HA: 3.2±0.3 ng/mL, P=0.0022; Linear regression: R²=0.3, P=0.05) on day 8, however did not 
differ on ovulation moment (LA: 0.37±0.05 ng/mL; HA: 0.41±0.06 ng/mL; R²=0.002) and 7 days after 
ovulation (LA: 7.7±0.8 ng/mL; HA: 8.2±0.4 ng/Ml; R²=0.14). Follicular size on day 8 (LA: 8.8±0.5 mm; 
HÁ: 9.4±0.4 mm; R²=0.07) and on ovulation moment (LA: 12.19±0.49 mm; HA: 12.9±0.3 mm; 
R²=0.001); and luteal size (LA: 5.75±0.99 cm³; HA: 6.86±1.3 cm³; R²=0.0007) did not differ between 
groups. In conclusion, PON1 activity was associated with serum progesterone concentration at device 
removal, however more studies are needed to clarify the interaction between these factors. 
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Heat stress (HS) represents one of the most important causes of bovine productive and reproductive 
losses, especially in dairy farms. Our hypothesis is that heat stress alters in vitro embryo development. 
Therefore, the aim of this study was to evaluate induced heat stress effects on early embryo development. 
The experiment was divided into five groups: (1) Control; (2) Oocytes matured under HS conditions 
(IVM HS); (3) Oocytes fertilized under HS conditions (IVF HS); (4) Zygotes cultured on the first day 
under HS conditions (IVC HS); and (5) Embryos submitted to HS during 3 days of embryo production 
(IVM, IVF and IVC HS). For HS treatments, the temperature was gradually increased until 40.5ºC, and 
remained for 6h. Bovine ovaries were obtained from slaughterhouse. Oocytes were aspirated from 
follicles 3-8mm in diameter and matured (50 oocytes per group) for 22h under 5% CO2 atmosphere. 
Matured oocytes were fertilized using spermatozoa selected with Percoll® gradient. Spermatozoa and 
matured oocytes were co-cultured in Fert medium for 18h under 5% CO2 atmosphere. IVF day was 
considered as day 0 of embryo production. After 18h of IVF, zygotes had cumulus cells removed by 2 
minutes of vortex. Then, zygotes were cultured in SOF medium under 5% CO2, 5% O2 and 90% N2 at 
38.5ºC up to blastocyst stage (day 7). The study was completed in four replicates. Data were statistically 
analyzed using JMP Software (13.1.0; SAS Institute Inc.). Cleavage and developmental rates of bovine 
embryos of different treatment groups were analyzed by multiple pairwise comparison (Tukey test). 
Results are presented as means ± S.E.M., and they were considered significant at P≤ 0.05. Cleavage rates 
were determined 2 days after IVF. The cleavage rate was significantly greater (P<0.05) in control group 
(89.3% ± 0.91) than in HS groups: IVM HS (63.3% ± 8.34), IVF HS (63.3% ± 5.77), IVC (62% ± 1.93) 
and IVM, IVF and IVC HS (29% ± 2.05). IVM HS, IVF HS and IVC HS groups were not different from 
each other on cleavage rates. The IVM, IVF and IVC HS cleavage rates were significantly lower. 
Blastocyst rates were evaluated 7 days after IVF. Blastocyst rate (%) was not different (P>0.05) between 
control (31.6% ± 1.10) and IVM HS (29% ± 1.29) groups. However, IVF HS (21.66% ± 1.37) and IVC 
HS (18% ± 0.86) presented a reduced blastocyst rates (%) compared to control. The IMV, IVF and IVC 
HS group had the smallest blastocyst production (12% ±1.31). In conclusion, heat stress during IVP 
induces cellular detrimental effects confirmed by the reduction of cleavage and blastocyst rates. 
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The detection of ovulation is of great importance for the use of reproductive biotechnologies in small 
ruminants. The ovulation is efficiently determined by ultrasound (US), equipment that is not always 
available and of relatively high cost. Therefore, the aim of this study was to identify the efficacy of 
vaginal cytology as a tool to determine the ovulation time in these species. The study was carried out 
during the non-breeding season, in Coronel Pacheco, Minas Gerais (21°35'S and 43°15'W). Nine goats 
and 11 ewes (all pluriparous), ageing on average three years old, under intensive system were used. All 
females received a short-term estrous induction treatment, with 0.3 g progesterone (CIDR®, Pfizer Aninal 
Health, São Paulo, Brazil) for six days, and 24 h before its removal, 30 μg d-cloprostenol (Prolise®, 
Syntex, Buenos Aires, Argentina) and 200 IU eCG (Novormon® 5000, Syntex) i.m. were administered. 
After CIDR removal, every 12 h until ovulation detection, two procedures were performed: 1) vaginal 
smear with swab, stained with Fast Panoptic kit (Laborclin Ltda, São Paulo, Brazil), where 100 cells were 
counted in each moment and 2) transrectal US (7.5 MHz probe; Mindray®, Modelo M5 Vet, Mainland, 
China). Nonparametric data were analyzed by Mann Whitney, Kruskal Wallis and Dunn test, while 
parametric data were compared by Student t test and ANOVA. In the comparison between the cytological 
profile and US, were calculated the negative and positive predictive value, sensitivity and specificity. All 
analyses were performed by Bioestat 5.0 program and the confidence level was 5%. Ovulation rate was 
88% (8/9) in goats and 100% (11/11) in sheep. In order to determine the cell standard to be selected 
(parabasal, intermediate, superficial and anucleated), analysis of their averages was performed, every 12 
h. This analysis aimed to identify which standard differed from the previous one and also from the the 
other cells at the moment of ovulation. Thus, the chosen cell standard in goats was the superficial (P 
<0.05) and this was characterized by a low coefficient of variation (CV) of 6%. The specificity found at 
60 to 48 h before ovulation was 100%; from 36 to 24 h was 88%; and 12 h was 75%. The sensitivity at 
the moment of ovulation was 88%. The negative predictive value (NPV) was 97%, higher than the 64% 
found for positive predictive value (PPV), resulting in an accuracy of 89.6%. In sheep, the standard 
chosen was anucleated, but it had a high CV (23.7%), which led to non-high accuracy (66.7%). 
Therefore, PPV and NPV were 26% and 88%, respectively; the specificity was 45% and 64% at 24 h and 
12 h before ovulation respectively; and finally, the sensitivity at the moment of ovulation was 55%. It can 
be concluded that the vaginal cytology may be an efficient tool to determine the moment of ovulation in 
goats, however it is less accurate in sheep. 
Financial support: CNPq e AGIR/UFF. 
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The estral cycle of bitches is distinct of other domestic animals, especially regarding luteal phase, because 
cyclic and gestacional corpora lutea (C.L) have similarities acting for long periods in both cases and is the 
only structure responsible for maintenance of gestation. The aim of this research was to investigate the 
mechanism of cell death (apoptosis / necrosis) in cyclic and gestational luteal cells on final third of 
diestrus, after cell culture, being the proposal approved by CEUA- UNESP: 168/2013. Twenty healthy 
mixed breed bitches were used, with age and weight equivalents, which were divided in 02 groups: Cyclic 
diestrus (n = 10), formed by females that were submitted to OSH, 40 and 60 days after LH pre-ovulatory 
surge and pregnant (n=10), formed by females inseminated artificially and submitted to OSH, 40 and 60 
days after LH preovulatory surge. The ovulations was estimated based on serum progesterone 
concentration, (4 to 5 ng /ml) and percentage of superficial cells (≥ 90%) in vaginal cytology (Hase et 
al.,Theriogenology, 62:243-48. 2000). After OSH, the ovaries were collected and the C.Ls were dissected. 
The cell culture included steps of C.L processing, enzymatic digestion with collagenase type I (1mg/ml, 
C0130, Sigma Aldrich, USA), serial centrifugation (3x), 220G/10 minutes at 20°C for obtaining cellular 
and plating. The culture medium used was constituted by DMEN high glucose (41965-039, Sigma, 
Aldrich USA), 5% fetal bovine serum (Gibco, USA), plus L-glutamine (G7513, Sigma), 10,000 IU of 
penicillin, 10 mg of streptomycin, 25 μg of amphotericin B  and 0,25 mg of amikacin and this was 
changed 24 hours after culture. After 60 hours of cell culture the trypsinization step (12604021, 
TrypLE™ Express Enzyme, Thermo fisher, USA) was performed to obtain luteal cells, which were 
cryopreserved at -80°C. The cells were thawed slowly and resuspended in nucleotide releasing buffer 
(Biovision, CA) at 37°C, resulting in a final solution containing on average 6000 cells/well. Evaluation of 
cell death type was performed by measuring the ADP: ATP ratio using the ADP/ATP Ratio 
Bioluminescent Assay Kit (K255-200, Biovision, CA), which classifies cells in proliferation, growth 
arrest, necrosis or cell apoptosis phase. For luminescence reading, Biotek Synergy 4 equipment (Bio-tec, 
USA) with sensitivity adjustment for 135 was used. For statistical analysis was used GLM program of the 
SAS, applying ANOVA and student t Test, considering significant when p <0.05. The ADP/ATP ratio 
showed no significant difference between evaluated groups (cyclic X pregnant, P= 0.6670) and 
timepoints evaluated (40 x 60 days, P=0.2316). In the cyclic diestrus group, at the time of 40 days, the 
luteal cells were in a growth arrest, presenting apoptosis only at 60 days, whereas in the pregnant group in 
both 40 and 60 days luteal cells presented apoptosis, suggesting that cell death by apoptosis begins earlier 
in gestational diestrus. 
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Caloric restriction (CR), a method known to increase longevity in several species, has also been 
associated with preservation of the ovarian reserve (Xiang et al., Gene, 1: 77-82, 2012). Similarly, the 
drug rapamycin has been shown to have effects similar to those of CR, including preservation of the 
ovarian reserve (Li et al., Reproduction Science, 1:60-7, 2015). The objective of this study was to 
evaluate the effect of CR and rapamycin on weight gain, feed intake, insulin resistance and ovarian 
oxidative stress in female mice. For this, 36 female C57BL/6 mice maintained with standard diet and 
water ad libitum were used, kept under controlled conditions of light and temperature. The mice were 
divided in 3 groups of 12 animals each (control group, group treated with intraperitoneal rapamycin every 
2 days at a dose of 2mg/kg of body weight and the group submitted to CR of 30% in relation to the 
control group). Weight data were collected weekly and food intake data daily. At 85 days of treatment, 
peripheral insulin sensitivity was assessed through the insulin tolerance test (ITT) and insulin resistance 
through the glucose tolerance test (GTT). At 93 days of treatment the mice were anesthetized and 
euthanized, and the ovaries were collected. The formation of reactive oxygen species (ROS) of the 
ovaries was evaluated through a method already described and adapted (Ali, et al., Neurotoxicology, 13: 
637-648, 1992). Statistical analyzes were performed using Graphpad Prism 7 software. ITT and GTT 
were compared by repeated measures ANOVA and ROS were compared by one-way ANOVA. Values of 
P<0.05 were considered significant. Lower weight gain was observed in CR females (P<0.05), but there 
was no difference in weight between the control and rapamycin groups (P>0.05). Regarding dietary 
intake, there was no difference between the rapamycin and control groups, but there was lower intake in 
the CR group (P<0.05). In the ITT the females of the rapamycin group were more resistant to insulin 
whereas those of the CR showed higher insulin sensitivity (P=0.003). In the GTT the females of the 
rapamycin were more intolerant to the glucose when compared with the ones of the RC and control 
(P=0.04). In the quantification of ROS the females of the rapamycin (174 ± 50) group had higher levels of 
ovarian ROS when compared to the CR (142 ± 20) and control group (110 ± 10P<0.05). Therefore, the 
females treated with rapamycin were more resistant to insulin and had more oxidative stress at the ovarian 
level, whereas the CR females of CR had lower weight gain, greater insulin sensitivity, without any 
changes at the ovarian level. 
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We aimed to compare the expression of type I interferon stimulated genes (ISGs) in peripheral blood 
polymorphonuclear cells (PMNs) between pregnant and non-pregnant heifers on days 14 and 18 after 
FTAI. Twenty-six Nelore heifers were synchronized by pharmacological treatment based on P4 and E2, 
and the day of FTAI was designated as D0. Pregnancy diagnosis was made by ultrasonography on days 
25 and 28 through the detection of the embryonic vesicle and heartbeats. On days 14 and 18, 25mL of 
blood was collected in heparinized tubes by puncture of the jugular vein for the isolation of PMNs. The 
isolation was made by Ficoll®Paque Plus gradient (GE Healthcare – São Paulo, Brazil), in an adapted 
methodology from that described by Jiemtaweeboon et al. (Reproductive Biology and Endocrinology, 9: 
79-89; 2011). PMNs samples from 5 pregnant and 6 non-pregnant heifers were subjected to total RNA 
extraction using the Direct-Zol RNA Miniprep kit (Zymo Research- Irvine, USA) according to the 
manufacturer’s instructions. Five reference genes (GAPDH, PPIA, 18S, RPL30 and ACTB) were 
quantified by real-time polymerase chain reaction (qPCR), and through the NormFinder software, the two 
genes with most stable expression (GAPDH and ACTB) were selected. The expression of the target genes 
(OAS-1, MX2 and ISG15) evaluated by qPCR was normalized in relation to the two reference genes by 
the comparative Ct method (Pfaffl, Nucleic Acids Research, 29:2001-2007, 2001). The abundance of 
transcripts was evaluated by analysis of variance (ANOVA) with repeated measures of time, considering 
the random effect of the heifer and the fixed effects of the group (pregnant or non-pregnant), day and 
group by day interaction using the PROC MIXED SAS software (Version 9.2; SAS Institute). For the 
OAS-1 gene, effects of time (P=0.03), group (P=0.03) and interaction between time and group 
(P=0.0002) were detected. The abundance of this transcript did not differ (P=0.88) between pregnant 
(1.43±0.76) and non-pregnant (1.09±0.32) females on D14, but it was higher in pregnant heifers on D18 
(P=0.0003; 7.11±3.24 vs. 0.30±0.07). There was a 7-fold increase (P=0.02) in the expression of this 
transcript between D14 and D18 in the pregnant heifer group, while in non-pregnant, there was a 0.57-
fold decrease (P=0.05). A group effect (P=0.03) was observed for the MX2 and ISG15 genes, indicating a 
3 and 7-fold increase, respectively, in the abundance of these transcripts in pregnant females. It is possible 
to conclude that a viable bovine conceptus stimulates the greater abundance of transcripts for the 
evaluated ISGs in circulating PMNs, with a most evident effect on D18 for the OAS-1 gene. Further 
studies are needed to elucidate the expression profile of ISGs in PMNs aiming the use of these genes as 
possible markers of gestation and as a form of early pregnancy diagnosis. 
Acknowledgment: FAPESP (processes nº 2015/10606-9 and 2017/13472-9), Ourofino Saúde Animal and 
Alta Genetics. 
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The aim of the study was to investigate the effect of an intravaginal progesterone device in the first 
ovulation of mares on seasonal anestrous at the begining of reproductive season. The experiment was 
carried out at Fazenda Escola / BIOTEC, from Unicesumar, Maringá, Paraná, in the period from 
08/20/2017 to 10/20/2017. Nineteen crossbred mares, evaluated by ultrasound examination (Aloka SSD-
500 ™) twice, with a 10-day interval, were used to verify the conditions of the uterus and ovaries, as well 
as to observe the presence or absence of corpus luteum, characterizing or not the anestrous. The diameter 
of the follicles was measured through the mean of their horizontal and vertical measurements, which 
allowed to classify the animals in the two treatments studied: group 1 (T1), composed of 11 animals, with 
the presence of follicles less than or equal to 20 mm, and group 2 (T2), with 8 animals with follicles 
greater than or equal to 20 mm in diameter. All animals received bovine intravaginal device (DIB ® - 
Zoetis, São Paulo - SP, Brazil) containing 1g of progesterone. After seven days, the two groups 
underwent daily sonographic examinations to verify follicular growth. Implants were removed when the 
animals had a follicle greater than or equal to 35 mm. Thus, the animals remained implanted for different 
times according to their follicular growth, and one day after implant withdrawal, all animals had their 
ovulation induced by an association of 1500 IU of hCG (Vetecor®, Hertape, Juatuba - MG, Brazil) 
applied intravenously with 750 μg of deslorelin (GnRH - Sincrorrelin ®, Ourofino, Cravinhos - SP, 
Brazil), administered intramuscularly. The data were tabulated and the statistical analyzes of the variables 
were performed using the procedure PROC GENMOD of the statistical program SAS (2000), version 
8.01, and showed that the percentage of animals that responded to the treatment and had a dominant 
follicle greater than 35 mm was significantly (P <0.05) in T2 animals, totaling 62.5% (5/8) than in T1, 
which presented 36.3% of animals with dominant follicle (4/11). The mean time, in days, for the 
appearance of the dominant follicle was also higher (P<0.05) for the T2 group when compared to T1 (8.0 
± 2.23 and 9.50 ± 0.57, respectively). The ovulation rate of the females in this study was calculated in 
relation to the number of mares that presented a follicle of 35 mm in diameter and was not altered 
(P>0.05) by the use of the P4 implant, 80.0% ovulation (4/5) and in T2, 100,0% (5/5). According to the 
results obtained in this research, it is concluded that the use of progesterone devices did not contribute to 
the anticipation of the first ovulation in the studied animals, but they helped induce the cyclicity of the 
recipients, showing that this technique can make the management of females equines more efficient, 
productive and sustainable from the economic and environmental point of view. 
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The long-chain acyl-coa synthetase (ACSL) is composed by a family of enzymes that activate fatty acids 
and participate in virtually all pathways of lipid synthesis. Triacsin C is a metabolic regulator that acts as 
a competitive selective inhibitor of ACLS 1, 3 and 4 inhibiting triacylglycerol and phospholipid synthesis. 
GW3965 is an agonist capable of inducing increased expression of ACSL3. We have evaluated the effect 
of a stimulator (GW3965 / ACS +) and an inhibitor (Triacsin C / ACS-) of ACSL in the development of 
in vitro produced bovine embryos and on the mRNA transcripts abundance for genes associated with lipid 
metabolism and embryo quality. Oocytes containing homogeneous cytoplasm and more than three layers 
of cumulus cells were matured and fertilized (Day 0). Presumptive zygotes were cultured in SOFaaci 
containing 2.5% FCS. On day 4, embryos were randomly distributed on four groups: control, ACS- (0,1 
uM), ACS+ (10 uM), and association of both modulators (ACS±). The concentrations used were pre-
determined in a pilot study. Expanded blastocysts were collected in pools of 5 embryos for RNA 
extraction with the PicoPure RNA kit (Life Technologies). Complementary DNA was prepared using 
High Capacity cDNA Reverse transcription Kit (Applied Biosystems). Samples were preamplified and 
transferred to an integrated fluidic circuit board. A panel of genes on the 96.96 Dynamic Array ™ 
Integrated Fluid Circuits (Fluidigm) chip was used for data collection. The thermal cycling qPCR was 
performed in the Biomark HD System (Fluidigm) with TaqMan GE 96x96 Standard protocol. To analyze 
the relative expression of the target genes, the Pfaffl method (Pfaffl, 2001) was used, with the logarithmic 
transformation of the relative frequencies of gene expression. The GLIMMIX procedure of SAS was used 
for analysis of variance (ANOVA) by the least squares method. Expression of 36 genes was significantly 
affected by at least one of the treatments. Of these, 18 genes were differentially (P <0.05) expressed only 
in the ACS± group, a result that still needs to be better explored. In general, no remarkable number of 
differentially expressed genes was identified comparing control group with ACS+ (4 genes) and ACS- (1 
gene) treatments. It was observed an increase (P <0.05) of the mRNA transcript abundance for ACSL3 in 
ACS+ and its reduction in ACS-, validating the modulatory effect of the drugs used. In addition, the 
ACSL6 mRNA level was reduced (P <0.05) in the ACS- and ACS± groups, whereas the abundance of 
mRNA for HSP90AA1 was increase (P <0.05) in the ACS+, compared to control. In conclusion, the use 
of Triacsin C and GW3965 was effective for modulating ASCL3 transcript levels on embryonic cells; 
however, further analysis investigating the effect of ACSL3 modulation and its reflects on embryo 
phenotype are essential. 
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Epigenetic modifications regulate important mechanisms during early embryo development including 
embryo genome activation (EGA) and cell differentiation. Although several lysine demethylases (KDMs) 
were shown to be implicated in these processes, the role of many other KDMs remains to be 
characterized. The KDM7A, which regulates mono- and di-methylation of H3K9 and H3K27, was shown 
to have a peak of expression during the EGA transition in bovine and porcine embryos (Glanzner et al., 
2018. Biol. Repro. doi: 10.1093/biolre/ioy054). However, no previous studies have evaluated if the 
KDM7A regulates normal embryo development. In this study, two Dicer-substrate interference RNAs 
(DsiRNAs) targeting KDM7A mRNA or Control (Scrambled sequences) were microinjected (~10 pl of 
25 mM diluted) in pig oocytes (~450 oocytes/treatment/method) and effects on embryo development (~90 
embryos/treatment), cell differentiation and gene expression (10 embryos x 3 replicates) were evaluated. 
Statistical differences between treatments were tested by LSMeans student t test and considered 
significant when P<0.05. The knockdown efficiency, evaluated by RT-qPCR, in parthenogenetically 
activated (PA) embryos was 72.1% (D3), 79.2% (D5) and 35% (D7) compared with controls. Embryos 
produced by in vitro fertilization (IVF), somatic cell nuclear transfer (SCNT) and PA were used to test the 
effect of KDM7A knockdown on development. Microinjections were performed at MII stage, after 
fertilization (5-6h after the beginning of sperm/oocyte co-incubation), or after activation (5-6h after cell 
fusion) for PA, IVF and SCNT embryos, respectively. Cleavage rates (D2) were similar, but development 
to the blastocyst stage (D7) was significantly decreased by 48.4% in PA (29.7±3.3% vs. 57.3±3.6%), 
69.2% in IVF (9.3±6.3% vs. 30.3±10.2%), and 48.1% in SCNT (13.6±1.3% vs. 26.3±3.4%) KDM7A 
knockdown compared to control embryos. KDM7A knockdown reduced total number of cells in 
blastocysts in PA (32.1±4.4 vs. 52.2±4.1), IVF (19.7±2.3 vs. 38.3±5), and SCNT (19.4±6 vs. 29.7±3.4) 
compared to control embryos. Moreover, the ratio ICM/total number of cells was reduced 45.5% 
(8.4±1.9% vs. 15.5±1.3%) in KDM7A knockdown compared to control blastocysts, as determined by 
SOX-2/DAPI counterstaining. The average number of cells on D3 and D5 of development and the 
relative mRNA expression of eIF1A (an important EGA marker), were not affected by KDM7A 
knockdown. Higher immunofluorescence signal for H3K27me2 on D3 and D5, and for H3K27me1 on D7 
was detected in KDM7A knockdown compared to control embryos. KDM7A knockdown decreased 
H3K9me1, H3K9me2 and H3K9me3 on D3 embryos, which was correlated with the upregulation 
of KDM3C and KDM4B mRNA expression. The relative mRNA expression of NANOG (D5 and D7) and 
OCT4 (D7) was decreased, and CDX2 (D3) increased in KDM7A knockdown compared to control 
embryos. Together, these findings revealed that KDM7A regulates cell differentiation and development 
of porcine embryos. 
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Small extracellular vesicles (EVs) are nanoparticles that carry bioactive molecules such as microRNAs 
(miRNAs). Extracellular vesicles participate of intercellular communication and are capable of 
modulating biological processes, such as follicular cells communication as well as oocytes and the 
follicular environment. During estrous cycle the ovarian follicle environment is influenced by the stage of 
corpus luteum (CL) development, leading to low and high intrafollicular progesterone (P4) levels. These 
changes in hormonal levels significantly impact transcription of different genes in the organism as well as 
within the follicular environment. Thus, the hypothesis of this study is that miRNAs content in 
extracellular vesicles present in ovarian follicular fluid (FF) is modulated by intrafollicular progesterone 
levels. To test this hypothesis, slaughterhouse ovaries were collected in pairs and classified according to 
the appearance of the CL and P4 concentration in low P4 (early CL; n=4 repetitions) and high P4 (late 
CL; n=5 repetitions) groups. Follicles between 3-6 mm in diameter of each group were punctured to 
obtain FF. The progesterone concentration in FF was 63.62 ± 6.79 ng/ml in low P4 group and 158.8 ± 
17.47 ng/ml in high P4 group (P=0.002). To isolate EVs the FF was centrifuged and filtered (0.22µM) to 
eliminate larger particles followed by ultracentrifugation (120.000xg, 70 minutes, twice). After EVs 
isolation, total RNA was isolated and used for the relative expression analysis of 384 miRNAs 
precursor/mature or just mature forms by RT-PCR. The data were submitted to Student’s T-test 
considering significance level of 5%. We detected a total of 161 precursor/mature miRNAs up-regulated 
in low P4 group compared to high P4 group (P<0.05). This result suggests greater post-transcriptional 
modulation by miRNAs found in EVs of growing follicles during low P4 levels compared to high P4. 
Mature miRNA analysis demonstrated nine differently expressed miRNAs between groups; three 
miRNAs were up-regulated in low P4 group while six were up-regulated in high P4 group. The 
comparative analysis between precursors/matures and just matures miRNAs within each group 
demonstrated higher levels of precursor/mature forms in EVs from low P4 group: 98.59% as well as in 
high P4 group: 95.86% (P<0.05). Bioinformatics analysis of the up-regulated miRNAs suggested possible 
regulation of pathways like RNA transport, PI3K-Akt, oocyte meiosis and oocyte maturation mediated by 
progesterone. In conclusion, the EVs content is modified according to intrafollicular progesterone levels, 
which was confirmed by the majority of the miRNAs identified in the precursor form. Therefore, this 
study suggests that EVs present within FF contains different miRNAs that could modulate follicular 
development, possibly influenced by different endocrine environment, as well as affecting oocyte 
maturation and quality. Supported by FAPESP (2014/22887-0; 2015/21829-9; 2017/02037-0). 
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In ruminants, maternal recognition of pregnancy is characterized by secretion of a protein called 
interferon tau (IFNT) produced by trophoblast cells. The endocrine action of IFNT on blood cells elevates 
the expression of interferon-stimulated genes (ISGs), such as Interferon stimulated gene 15 (ISG15). The 
objective of this study was to evaluate the expression of ISG15 in peripheral blood polymorphonuclear 
cells in beef heifers subjected to fixed-time artificial insemination (FTAI). FTAI protocol was performed 
on 12 beef heifers. Following FTAI, an ultrasonographic evaluation was performed to allocate the 
animals in 03 groups: pregnant (P), non-pregnant (NP) and non-bred (NB) On Day -10, estradiol benzoate 
(2mg / IM) was injected and a progesterone intravaginal device (IVD) (1g) was inserted. On Day -2 the 
IVD was removed and prostaglandin and estradiol cypionate analog were injected. FTAI occurred 48 
hours after IVD withdrawal (Day 0). On the 16th day after FTAI, blood from the coccygeal vein was 
collected to isolate blood cells using 4mL tubes containing EDTA, where blood was diluted in 0.9% 
NaCl. In a 15 mL tube containing Ficoll-Paque PREMIUM® was slowly added the blood solution. 
Centrifugation was performed at 400XG for 15 minutes at room temperature. Thereafter, the following 
fractions were identified and separated: plasma, erythrocytes, mononuclear and polymorphonuclear cells. 
Next to the separation of the fractions, polymorphonuclear cells (PMN) was collected and stored at -80°C 
in a cryotube. Subsequently, mRNA extraction, cDNA and qPCR were performed. After isolation of 
PMN fraction, a glass-slide fraction-film was prepared to determine the purity of the fraction. The purity 
was accessed based on cell morphology. The percentage of PMN present was determined and samples 
above 95% were included in the study. On the 29th and 60th days following FTAI, the pregnancy 
diagnosis was performed by ultrasonography, in order to allocate them in two groups: pregnant (P, n=4) 
and non-pregnant (NP, n=4). The results revealed that in the 16th day after FTAI, there was no difference 
in ISG15 expression in PMN between P (6.85±0.9) and NP heifers (4.53±0.82), however it shows 
significant difference between pregnant (6.85 ±0.9) and non-inseminated heifers (1.65 ±SE 0.41) (p 
<0.05). The expression of ISG15 can be used as a tool to identify embryonic signaling at 16 days of 
gestation in beef heifers. This research was funded by CNPq and CAPES. 
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In a recent study, we observed that the mRNA expression of the histone 3 lysine 4- (H3K4) related 
histone demethylases KDM5B and KDM5C was dramatically increased in bovine and porcine embryos 
during the period when the embryo genome is activated (EGA), i.e. D3 and D4 for porcine and bovine 
embryos, respectively (Glanzner et al., 2018. Biol. Repro.doi: 10.1093/biolre/ioy054). In somatic cells, 
KDM5B is recruited to sites of DNA double strand breaks (DSBs) and contributes to regulate DNA 
damage response. However, the role of KDM5B and KDM5C during embryo development has not been 
elucidated. In this study, Dicer-substrate interference RNAs (DsiRNAs) were used to investigate KDM5B 
and KDM5C roles on development of porcine embryos. Two DsiRNAs targeting each KDM5B or 
KDM5C mRNA, or Control DsiRNA (scrambled sequence) were microinjected (~10 pl of 25 mM 
diluted) into porcine oocytes (~800 oocytes/treatment/method) after fertilization (IVF), parthenogenetic 
activation (PA) or somatic cell nuclear transfer (SCNT). Injected embryos were cultured in PZM-3 
medium and used to evaluate transcriptional activity (15 embryos/treatment), gene expression (10 
embryos/treatment/replicate), DNA damage (15 embryos/treatment) and embryo development (30 
embryos/treatment/replicate). Statistical differences between treatments were tested by LSMeans student t 
test and considered significant when P<0.05. Knockdown efficiency in PA embryos, evaluated by RT-
qPCR, was 75% and 75% on D3, and 61% and 59% on D5, for KDM5B and KDM5C, respectively. 
Embryo cleavage (D2) was not affected by treatment, but blastocyst rates (D7) were decreased in PA: 
55.1%, 19.0%, 29.8%, and 31.2%; IVF: 30.7%, 4.3%, 8.2% and 3.9%; and SCNT: 23%, 5.2%, 12.1% and 
3.4% embryos injected with Control, KDM5B, KDM5C or KDM5B+KDM5C DsiRNAs, respectively. 
Total cell number in D7 blastocysts was not affected by KDM5B, KDM5C or KDM5B+KDM5C 
knockdown. The mRNA expression of Eif1ax (an important EGA marker) was ~3-fold decreased on D3 
embryos injected with KDM5B or KDM5C compared with Control DsiRNAs. The proportion of cells 
presenting a positive signal for mRNA synthesis, as assessed using the Click-iT® EU RNA Imaging Kit 
(Life Technologies), was ~4-fold decreased on D4 embryos injected with KDM5B or KDM5C compared 
with Control DsiRNAs. Levels of H3K4m2 and H3K4m3, as assessed by immunofluorescence, were 
increased in KDM5B knockdown, but not in KDM5C knockdown embryos on D3 and D5 of 
development. KDM5C knockdown increased H3K9m1 on D3 and D5 embryos, and H3K9m3 on D3 
embryos. The incidence of DSBs, as assessed by the number of immunofluorescent foci for H2AX139ph, 
was ~2-fold increased in KDM5B and KDM5C knockdown compared with control embryos, which was 
correlated with a significant decrease in the mRNA levels of genes involved in DNA repair (e.g., ATM, 
Brca1). Together, these findings revealed that KDM5B and KDM5C are important for EGA transition, 
genome stability and development of porcine embryos. 
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The use of stressor agents may be an alternative to increase the viability of cryopreserved IVP bovine 
embryos. Embryo exposure to sublethal stress causes a genomic cellular response, conferring cellular 
resistance to a subsequent stress, such as cryopreservation. The aim of this study was to evaluate the in 
vitro survival rate after exposure of bovine IVP blastocyst to high gaseous pressure (HGP) (for review see 
Gonsioroski., 2018: http://hdl.handle.net/10183/179278). Cumulus-oocyte complexes (COC) obtained 
from slaughterhouse ovaries were morphologically selected based on the cytoplasm and cell vestment, 
with only grades I and II COCs submitted to IVM for 24 h at 38.5°C and 5% CO2 in humidified air. Then, 
IVF was performed using cryopreserved semen of a tested bull. Sperm cells were selected by 
descontinuous Percoll® gradient (90/45%). At 22 h post-insemination, presumptive zygotes were 
denuded and cultured in vitro during 7 days. On Day 5, cleavage rate was evaluated and embryo feeding 
was performed. On Day 7, morphologically viable blastocysts were randomly distributed into two 
experimental groups: Controls, with blastocysts transferred to the IVC medium; and HGP, with embryos 
exposed to 27.6 MPa HGP for 2 h. Then, all blastocysts were maintained under similar IVC conditions 
during 48 h. Embryo hatching rate was evaluated on Day 9, and data after eight replicates were analized 
by the Chi-square test (P<0.05). The blastocyst hatching rate was higher in the HGP group (79.6%, 
82/103) compared to the Control group (54.6%, 65/119). Bovine IVP blastocysts survived well to the 2-h 
exposure to HGP at 27.6 Mpa, improving hatching rates on Day 9 of development. 
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The population of antral follicles or antral follicles counting (AFC) has been identified as one of the main 
factors that influence the efficiency of reproductive biotechniques. AFC is described as being a variable 
parameter among different cows but with high repeatability in the same animal. However, there are no 
studies reporting of the AFC during pregnancy. Thus, the present study aimed to compare the AFC of 
Holstein cows at the time of AI and at two momentos of gestation (30 and 60 days) to investigate whether 
the number of antral follicles is altered during this period. For this, 54 Holstein females (Bos taurus 
taurus) were selected, with an average of 5 years, confined in a free stall system, were submitted to the 
same handling and feeding conditions. The same technician performed AI of the females, after detection 
of natural or induced estrus with 25 mg of Dinoprost (Lutalyse®, Zoetis, Brazil) intramuscularly (IM). 
AFC (antral follicles ≥ 2 mm in diameter) was established using a convex intravaginal transducer of 7.5 
mHz (Aquila PRO, Pie Medical, Maastricht, The Netherlands) at the time of AI at 30 and 60 days of 
pregnancy. Systematically, the same females were evaluated at three different times by the same 
veterinarian. For statistical analysis, the number of antral follicles was analyzed by repeated 
measurements employing the generalized linear model. In the presence of a significant effect, the means 
were compared by the Tukey test. A P-value ≤ 0.05 was used to indicate a significant effect and their 
interactions. We found that AFC increased during pregnancy, from 55.1 ± 3.1 c at AI, to 82.6 ± 4.2 b at 30 
days, and 115.2 ± 5.1 a at 60 days of pregnancy (P = 0.0001). It was possible to conclude that AFC is 
higher during pregnancy than at AI moment. Thus, we can suggest the initial third of gestation as an 
alternative to produce embryos due to increased AFC, perhaps to increase the efficiency of OPU / PIV in 
low AFC animals, since the antral follicle population is quantitatively related to production of embryos. 
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Previous studies have shown that estrus synchronization protocols in mares have presented satisfactory 
results, nevertheless, a protocol for fixed-time ovulation induction remains a challenge. Our hypothesis 
suggested treatment with P4 causes suppression of follicular growth and ovulation induction occurs at 42 
± 6 hours after treatment in at least 75% of mares treated with a combination of GnRH and hCG. This 
study aimed to develop a hormonal protocol to synchronize estrus and induce ovulation in mares. Four 
experiments were conducted using 20 non-defined cyclic mares, aged 6 to 14 years. In experiment I, 
animals were distributed in two groups and progesterone device removal on day 7 and not on day 9 was 
justified due to greater suppression of follicular growth by the action of P4. Experiment II tested whether 
the efficiency of hormone treatment depends on the estrus cycle stage of the mare and established the best 
time for ovulation induction. Ovulation day detection was performed and hormonal treatments were 
initiated on days 5, 10 or 15 (G1, G2 and G3, respectively) after ovulation, representing different phases 
of the estrous cycle. The difference in follicular growth rates between the animals was calculated during 
maintenance of the intravaginal device and after removal until the day before ovulation. Differences in 
follicular growth rates were similar (P> 0.05) between G1, G2 and G3 and mean values were respectively 
1.4; 1.02 and 1.3 mm/day. Most ovulations occurred between days 10 and 13 (62%, 36/58) with only two 
spontaneous ovulations before predicted (3%, 2/58) and ovulation induction was defined on days 10 and 
12. In experiments III and IV, hormone treatment started simulating a field condition. On Day 0, mares 
received 0.25mg IM of PGF2α (Sincrocio, Animal Ouro Fino Saúde) and 1.44g P4 with the intravaginal 
device (Inovare Biotecnologia e Saúde Animal). On days 6 and 8, mares received 0.25 mg IM PGF2α. At 
day 7, the P4 device was removed. On day 10, ovulation was induced with 1000UI of hCG (Chorulon, 
MSD Agroline) combined with 0.75mg of GnRH (Sincrorrelin, Fine Animal Health Gold) in mares 
displaying a follicle ≥35mm in diameter. The remaining mares had the same hormonal treatment at day 
12, regardless follicular size. This protocol proved to be effective in suppressing follicular growth during 
the reproductive season; however, follicular atresia did not occur. The efficiency of this protocol was 
81.1%, considering the 53 ovulation inductions, 43 (81.1%) occurred between D10 and D12 and only 10 
(18.9%) did not ovulate in the predicted period. Further studies should be performed on a larger number 
of animals to confirm our results. In conclusion, 1.44g of the intravaginal P4 device suppressed follicular 
growth during the reproductive season. 
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The Zinc finger and SCAN domain containing 4 (ZSCAN4) gene encodes a protein that defies cellular 
senescence and maintains normal karyotype for many cell divisions in mouse embryonic stem cells, 
markedly enhancing the generation of induced pluripotent stem cells (iPSCs). ZSCAN4 may play an 
important role in iPSCs generation through epigenetic regulation, but underlying molecular mechanisms 
are still unclear. In mice, Zscan4 is enriched in 2-cell stage embryos, and reduction of transcript produces 
blastocysts that fail to implant or proliferate in outgrowth culture. While ZSCAN4 plays a potentially 
important role in mammalian embryo development, its expression and role in the preimplantation stages 
of bovine embryos is unknown. Therefore, the aims of this study were investigating the expression status 
and role of ZSCAN4 in bovine preimplantation development. ZSCAN4 transcript expression levels in 
unfertilized oocytes and early embryos at 1-cell to blastocyst stages were first evaluated. Then, the effects 
of ZSCAN4 suppression on developmental competencies were assessed after attempted downregulation 
by short interfering RNA (siRNA). In vitro matured oocytes were inseminated for 6 h, after which some 
embryos were injected with either 10 pl of 50 µM specific ZSCAN4-siRNA or nonsilencing siRNA 
(Control-siRNA) duplexes, while some were not injected (Uninjected). Embryos siRNA injected or 
uninjected were cultured in modified TALP medium by day 7 (IVF=day 0). HDAC1 transcript levels 
were measured at the 2-, 4-, 8- and 16-cell stages. The level of ZSCAN4 mRNA was low throughout the 
oocyte to 4-cell stage embryos, increased at 8-cell, then significantly decreased at Morula stage of 
embryos. At the 16-cell stage, gene expression in embryos injected with ZSCAN4-siRNA significantly 
reduced (P<0.05) compared to controls (Control-siRNA injected and Uninjected). No difference in 
developmental rates for the 2- to 8-cell stages was observed. Although 40.5% of ZSCAN4-siRNA 
injected embryos developed to the 16-cell stage, 32-cell developmental rate was significantly lower 
(P<0.01) than controls at day 4. Moreover, the day 5 Morula and day 7 blastocyst developmental rates of 
ZSCAN4-siRNA injected embryos (3.4 and 2.7%, respectively) were significantly lower (P<0.01) than 
those of Uninjected (40.3 and 45.0%, respectively) and Control-siRNA injected embryos (36.9 and 
46.0%, respectively). The ZSCAN4 downregulation by specific siRNA injection resulted in a significant 
increase (P<0.05) of HDAC1 expression at the 4-cell stage, but not in 8- and 16-cell stages. Our results 
indicate the critical importance of ZSCAN4 for early development of bovine embryos, highlighting it as a 
pivotal factor for regulation of gene expression through epigenetic modification. 
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Sublethal stress has been reported as gamete and embryo genomic response inducer, providing cell 
protection to a subsequent stress. Within such observation, researchers started to experiment sublethal 
stress as a means to improve bovine in vitro embryo production. This experiment aimed to test the effect 
of the exposure of immature bovine oocytes to high gaseous pressure (HGP – 4000 PSI during 120 min) 
on in vitro embryo development to the blastocyst stage after IVP procedures. A total of 510 bovine 
cumulus-oocyte complexes (COCs), after four replicates, were used in this study. Ovaries were obtained 
from a slaughterhouse and were transported to the laboratory in saline solution. Selected grades 1 and 2 
COCs were randomly distributed in three groups: HGP, with 172 COCs placed in mPBS+ 0.1% 
polyvinylpyrrolidone, and then exposed to HGP; Control 1, with 157 COCs maintained in mPBS + 0.4% 
BSA at RT for 120 min; and Control 2, with 181 COCs used immediately for embryo production, 
according the our established IVP protocol. In all groups, IVM was carried out during 24 h at 38.5ºC 
using TCM-199 supplemented medium (25 mM sodium bicarbonate, 0.22 mM sodium pyruvate, 50 µM 
cysteamine, 5 µg/mL LH, 5 µg/mL FSH, 1 µg/mL estradiol, 0.1 µg/mL EGF) + 10% Fetal Calf Serum 
(FCS), followed by 20 h IVF into FERT-TALP + 0.6% BSA using frozen-thawed bovine sperm cells 
segregated by Percoll® gradient, at the 1x106/ml inseminating dose. Then, presumptive zygotes were in 
vitro-cultured in SOFaaci + 5% FCS at 38.5ºC, 5% CO2, 5% O2 and 90% N2, in saturated air humidity. 
Blastocyst rates were observed on D8 after IVC and compared by the Chi-square test (P<0.05). Blastocyst 
rates were significantly lower (P = 0.0131) in the Control 1 Group (11.0%, 16/145) than the Control 2 
Group (19.8%, 32/162), with the HGP group being similar to both (18.7%, 25/134). In conclusion, results 
indicate that exposure of immature COCs to HGP prior to IVM did not affect embryo development to the 
blastocyst stage, but maintaining COCs at RT for the same exposure time decreased embryo development 
in comparison to COCs subjected to immediate IVP procedures. Studies are ongoing in our laboratory to 
further understand the effect of exposure of gametes and embryos to HGP. 
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Amniotic fluid-derived stem cells (AFSC) are important alternative sources that can be used in cell 
therapy and for storage banks, however, few studies have been carried out in goats referring to the 
cryopreservation procedures. The goal of this study was to evaluate the viability and rate of cell 
proliferation of AFSC after in vitro culture, and the effect of DMSO and glycerol as cryoprotectant 
agents. Nine 3-month-old goat fetuses from multi-breed goats kept under similar nutritional and 
management conditions were used to obtain amniotic fluid samples obtained by laparotomy. Syringes 
containing 10 mL PBS and 10% fetal bovine serum (FBS) were used to aspirate 10 mL of amniotic fluid 
after exposure of the uterus and identification of the amniotic cavity. The suspensions containing AFSC 
were centrifuged at 342G for 10 min, the supernatants were discarded, and the pellets were then 
resuspended in 1 mL in vitro culture medium (DMEM + 10% FBS + 2% pen/strep + 1% amphotericin B). 
The in vitro culture was performed in cell culture dishes in an incubator at 38.5ºC, high humidity and 5% 
CO2. Total exchange of the culture medium was performed every two days, and cell confluency was 
evaluated daily. Upon reaching 80% confluence, cells at passages 0 (P0), 1 (P1) and 2 (P2), respectively 
on Days 10, 15 and 17 of culture, were trypsinized and quantified in a Neubauer's chamber, with a sample 
evaluated for viability in 0.4% Trypan blue staining. The AFSC in P2 were centrifuged, and 20.000 
cells/mL were resuspended in either DMSO (45% DMEM + 45% SFB + 10% DMSO) or GLY (45% 
DMEM + 45% SFB + 10% glycerol) media, loaded into 0.25mL straws, and cryopreserved in liquid 
nitrogen, being subsequently thawed for viability assessment. Paired t-test analysis was used to evaluate 
rates of cell proliferation and viability at P0, P1 and P2, with results expressed as mean ± standard error 
of the mean. Data on cell viability after cryopreservation were compared by ANOVA followed by a 
Tukey post hoc test. A significant increase in cell proliferation rate was observed from P0 (13.000 ± 
2.800) to P1 (54.000 ± 10.900), remaining similar to P1 at P2 (69.000 ± 15.000).  No significant 
differences were observed in cell viability (%) at the different in vitro culture passages (P0: 94.2±1.5; P1: 
91.6±2.0; P2: 94.4±0.8). After AFSC cryopreservation at P2 (94.4 ± 0.8), a significant reduction in cell 
viability was observed in DMSO medium (82.9 ± 1.9), which was significantly higher than in GLY 
medium (66.8 ± 4.2). We conclude that, despite the reduction in cell viability after cryopreservation, 
DMSO-based medium promoted better cell survival rates than the use of the Glycerol-based medium. 
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Exosomes are extracellular vesicles produced and released from different cell types. These vesicles act as 
a new mechanism of intercellular communication between the cells. Usually, the fluorescent dyes used 
for labeling exosomes are not efficient in reflect the vesicle half-life, thus hindering the correct 
understanding of their dynamics, visualization and even localization. Thus, we proposed to characterize 
and visualize by confocal microscopy (CM) and nanotracking analyses the exosomes produced in vitro by 
a transgenic bovine fibroblast culture that release exosomes labeled with the GFP protein. For this, 
fibroblasts of two groups, control (n=4) and GFP+ (n=4), were cultured in the same concentration 
(2.5x103 cells/mL) and condition (38.5oC; 5% CO2) using culture medium exosomes-free. Fibroblasts 
were cultured during 72h and the culture medium (8mL) was collected for isolation of the exosomes. A 
set of serial centrifugations at 200g for 10min, 2,000g for 15min and 16,500g for 30min at 4oC were 
performed to eliminate cell particles and debris. Afterwards, the culture medium was filtered through a 
0.22μm diameter filter. Exosomes isolation was performed by two ultracentrifugation at 90.000g for 70 
min at 4oC. At the end, the pellet was dissolved in PBS and the size and concentration of the exosomes 
were analysed using NanoSight 300 (Malvern, United Kingdom), the presence of GFP protein was 
analysed by Western blot (WB) and the visualization of exosomes by CM. Fibroblast cell lysates were 
used as control for the WB. For the CM, exosomes were stained following the manufacturer's 
recommendations with the fluorescent dye PKH67 as a positive and for the negative control exosomes 
were not stained. Statistical analysis was performed using Prism version 6.0 and the t test was applied at a 
significance level of 5%. The exosomes concentration and size of control group (5.73x108 particles/mL; 
137nm ± 8.2) were respectively similar (P>0.05) to GFP+ group (5.06x108 particles/mL; 140nm ± 9.0). 
On WB, the presence of GFP protein in the exosomes samples isolated from the GFP+ group was 
detected, whereas the samples of the control group did not present the protein. The visualization of the 
GFP+ exosomes was possible by CM. They were absorbed and located in the perinuclear region of the 
fibroblasts, similarly as the exosomes from the control+ group labeled with the PKH67 dye. Based on the 
results, we can conclude that transgenic fibroblast cells are producing exosomes similarly to the control 
group. The exosomes were labeled with GFP and was possible the visualization by CM. In addition, 
future studies may investigate the content and action of these exosomes in several biological models. 
Financial support: Sao Paulo Research Foundation (FAPESP; grants2013/08135-2, 2014/22887-0, 
2015/21829-9 and 2016/22790-1). 
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For the generation of transgenic animals, the insertion of exogenous DNA into the cell or gamete is 
crucial. There are several methods for cell transfection, most of which are expensive, poorly effective or 
both. Cationic polymers, including PEI, bind to DNA, forming PEI-DNA complexes. These, bind to the 
cell surface, interact with the cell membrane and are internalized by endocytosis. Once inside the cells, 
the PEI-DNA complexes are protected by the endosome, and then migrate to the nucleus, where the DNA 
molecules are released. However, PEI polyplex itself has not been tested on sperm of any animal species. 
Thus, this study aimed to develop a protocol for transfecting swine sperm using PEI as polyfection agent. 
For that, seminal samples were obtained from 10 male pigs (200μL, 2x106spzt/mL). Data were analyzed 
using the PROC MIXED (SAS, v. 9.2 for Windows) adjusted by Tukey, comparing the lsmeans and 
analysis of interactions between groups. To determine the effects of PEI on seminal viability, the semen 
samples were incubated with 0.5 mg / mL PEI for 10 min or 2 h. The flow cytometry was used to evaluate 
the sperm viability (plasmatic membrane damage – PMD; acrosome damage – AD; DNA fragmentation – 
DNAF). The incubation for 2 h led to higher PMD index (66.46±2.70%, P<0.0001) in comparison to 10 
min or control group (without PEI) (19.48±2.70% and 18.27±2.70%, respectively), but no difference was 
found for AD and DNAF among the groups. Then, the spermatozoon viability was established with a 
similar experiment but using the plasmid pmhyGENIE-5 complexed with PEI (400ng/mL, PEI/VET) and 
the transfection efficiency was determined by FISH. Additionally, the direct plasmid incubation without 
PEI was also carried out as a standard protocol. The direct plasmid incubation increased the DNAF 
(3.67±0.03%, P<0.001) in relation to the PEI/VET (0.81±0.16%) and control group (without transfection) 
(0.58±0.08%). On the other hand, the PEI/VET complex improved the PMD (P<0.001) in comparison to 
the incubation or control (66.97±3.55%; 20.60±3.81%; 21.91±3.55%, respectively), as well as the AD 
(70.79±3.68%; 19.49±3.61%; 31.68±3.61%, respectively). Despite the cell damage, the spermatozoa 
exposed to PEI/VET presented greater transfection index (76.80±3.09%, P<0.001) than the incubation 
(17.80±1.07%). These results suggest that the PEI could be an efficient and low-cost transfection method 
for swine sperm. It is worth to point out that the cells treated with PEI/VET showed higher indexes of 
PMD and AD, so that it would be interesting to combine it with bio-techniques that facilitate the 
fecundation (i.e. FIV or ICSI) or even inclusion of antioxidant or anti-apoptotic drugs to improve the 
spermatozoa viability. 
Acknowledgements:  Dr. Stefan Moisyadi (University of Hawaii) for donating the plasmid and Embrapa 
for financial support. 
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Mesenchymal stem cells (MSCs) derived from adipose tissue have aroused the interest of the scientific 
community for their use in research and cell therapies because of their recognized proliferative, 
immunomodulatory potential, as well as their capacity for tissue regeneration. Because of this, they are 
used in the treatment of numerous diseases, both systemic and focal. Distemper is a viral disease that 
causes immunosuppression and multisystem involvement, without a specific guideline for its treatment. 
In this way, it is impossible to guarantee a clinical improvement and in many cases the disease ends up 
evolving to the death of the patient. The aim of the present case report was to evaluate the therapeutic 
success of intravenous allogeneic MSCs transplantation in patient with acute distemper and clinical signs 
of systemic disease. It was attended at the veterinary acupuncture and chronic pain department of the 
FMVZ Veterinary Hospital - UNESP Botucatu-SP, a 1-year-old male dog, non-breed, 12.4 kg weight 
diagnosed by PCR positive for distemper. The animal had symptoms of acute phase, this is, respiratory 
digestive signs, anorexia and neuroclinic signs, with evolution of 3 weeks. He received conventional 
support treatment that consisted in fluid therapy and antibiotics. At the general physical examination, he 
was apathetic and had conjunctivitis with purulent secretions. In the specific neurological examination, 
the animal presented non-ambulatory tetraparesis with changes in the cranial nerves (threat reflex and 
oculomotor diminished), dysmetria, locating the damage in the cerebellum and brainstem, encephalic 
multisystemic pattern typical of the distemper. The erythrogram revealed moderate anemia. It was 
instituted an intravenous application of MSCs, in volume of 1 ml, with a concentration of ten million 
allogeneic cells, isolated and produced by the Laboratory of Cell Therapy and Advanced Reproduction of 
the Animal Reproduction and Veterinary Radiology Department. After 5 days of transplantation, the 
patient had an improvement of the neurological signs and began to recover the movements of the limbs. 
Due to the favorable evolution of the patient's infectious and neurological condition, rehabilitation was 
indicated with weekly sessions until complete clinical improvement. After 1 month of transplantation, 
neurological examination revealed complete reestablishment of all neurological signs as well as total limb 
functionality, showing that intravenous MSCs therapy associated with acupuncture rehabilitation / 
physiotherapy was effective in the patient’s treatment. The concurrent neurological signs of distemper are 
difficult to handle in most cases, therefore, the use of cell therapy, coupled with adequate management, 
was fundamental for clinical improvement. It is important that these new treatment strategies be 
scientifically evaluated to elucidate these therapies in canine distemper treatment. 
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Genetic engineering in farm animals is in precarious development due to the high cost and low efficiency 
of the methods used. For example, male pronucleous microinjection in cattle yielded only 18 transgenic 
calves from 36,500 microinjected oocytes (0.0005%) and high degree of "mosaicism". Transgenic 
Nuclear Transfer less than 3% of GM (genetically modified) animals per trial due to "imprinting". In the 
other hand, by IVF+SMGT in 2010 were reported 68.5% GM pig embryos; other group by IA+SMGT, 
74% GM piglets over 27 born. Our group published in 2016 51.4% GM sheep embryos by IVF+SMGT. 
Our goal is to standardize methods that use the sperm to produce transgenesis, either by IVF as in AI 
technique in different farm species. With these objectives 6 ewes (2 control; 4 treated), 4 cows (1 control; 
3 treated) and 12 female rabbits (6 control; 6 treated), were hormonally stimulated to accomplish multiple 
ovulation. In ewes and cows heat induction and superovulation (TSOV) was performed by intra-vaginal 
progesterone devices associated with serial injections of FSHp. In rabbits, eCG was administered 48 
hours before the planned heat, then a double dose of GnRH on the day of insemination. Treated groups 
were inseminated with sperm carrying a gene construct. For this purpose the commercial pEGFP N-1 that 
code for green fluorescent (GF) protein was used. Insemination in ewes was performed by laparoscopy, in 
cows by uterine trans-cervical double insemination and in rabbits, by double dose of sperm at vaginal 
bottom. As control group, randomly selected females of the three species inseminated with untreated 
sperm were considered. Embryos were collected at chronological age that allowed to find them in morula-
balstocyst stage. Structures obtained were observed under fluorescence microscopy. Were considered 
positives those embryos that showed emission frequency compatible with GF in blastomeres, contrasting 
them with embryos of control groups and with unfertilized eggs. Three of the 6 donor sheep gave eggs 
structures (ES), 2 of treated group and 1 of control set. From them, a total of 14 ES were obtained, 5 
embryos (E), 6 unfertilized ova (UO), and 3 empty zones (EZ). Five morulas from two ewes, inseminated 
with treated sperm, expressed GF in all blastomeres, 6 UO from the ewes inseminated with treated and 
untreated semen were negative to GF. All the four cows involved, treated and control group, gave 24 ES; 
18 E and 6 UO were obtained. Fifteen E of 3 cows of treated group showed GF, 3 E of the control were 
negative to GF as well as 3 UO obtained from both categories. From 12 female rabbits involved, 10 gave 
50 ES: 36 E, 9 UO and 5 EZ. Of the 50 ES, 16 E of treated group showed GF, 19 E of control set were 
negative to GF, the same as the 9 UO and the 6 EZ. Results showed positive transfection efficiency by 
sperm to the eggs since all embryos of treated groups in the three species exhibit green fluorescence in 
significative rate. 
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Viable somatic cell storage in cryogenic tanks is an essential step on bovine cloning achievement through 
nuclear transfer (NT). Cattle with high genetic potential have died suddenly without having their 
germplasm conserved in vitro. In such context, this research’s objective was to verify the maximum 
possible time for isolation of somatic cells to be used in NT after an animal’s death. For this purpose, ears 
of 6 Nelore females with an average age of 48 months, obtained in a local slaughterhouse, were conserved 
on the refrigerator at 5°C in clean ziplock bags during a 30 day period. On days 2, 4, 7, 14 and 21 after 
death, fibroblast isolation and culture were performed with DMEM medium supplemented with 10% 
bovine fetal serum. When cellular confluence was detected, cells were frozen with DMEM medium with 
10% DMSO. We analised cell growth beginning (how long it took for the first cells to appear around 
biopsies), time of cell growth until confluence (how long it took to each animal’s cells to reach 
confluence), cooling period in which cell isolation was possible, cell concentration on the freezing 
moment and contamination rate were performed. Average and Tukey tests at 5% were conducted 
comparing data between cooling periods. The longest period that allowed cell isolation in all animals was 
14 days after the animal’s death. However, the increase in cooling time significantly altered (P<0.05) 
initial cell growth, where on day 4 (D4) 4.33±1.03 days were necessary for the first cells to appear, and 
on day 14 (D14) 19.60±2.19 days were necessary. The time needed for cells to reach confluence was 
smaller on day 2 (D2) (28.00±3.10 days) in comparison with other cooling periods. Cell concentration 
suffered a significant decrease (P<0.05) only on D14 (698.125±131.203) in comparison to other periods 
(1.571.656±234.462). Contamination was more prevalent on cooling periods corresponding to days 14 
and 21. Therefore, this study demonstrated that at 5°C, cell isolation was possible until 14 days after 
death. However, increase in cooling time affects cell growth pattern.  
Financial support provided by Embrapa, project number 01130600106.02.04. 
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After the emergence of cell reprogramming performed through the exogenous expression of "Yamanaka" 
transcription factors (Oct4, Sox2, Klf4 and cMyc - OKSM) in somatic cells, innumerous studies have 
been reported regarding the generation and maintenance of induced pluripotent stem cells (iPSCs) in 
different conditions. The success of bovine iPSCs (biPSCs) were described by Sumer et al. (2011), 
however, investigations on the pluripotent state of biPSCs are still needed because different protocols and 
characterization profiles were utilized. The aim of this study was to produce biPSCs lines which express 
GFP in different culture systems for better self-renewal and pluripotency maintanence. For that, three 
lines of bovine fetal fibroblasts (bFF1, bFF2, bFF3) were analyzed regarding chromosomal normality 
(cytogenetics by karyotyping), transduced with GFP lentiviral particles (FUGW vector, Bressan et al., 
2013) and submitted to cell reprogramming through lentiviral transduction of OSKM transcription 
factors. Moreover, the cells were further cultured in reprogramming medium (DMEM/F12 KO and 20% 
KSR) supplemented with bFGF, LIF, bFGF+2i or LIF+2i. Cytogenetics of bFFs was analyzed by Giemsa 
stain and the success on GFP transduction through flow cytometry. The capacity of cell reprogramming 
was analyzed by colonies formation and maintenance after manually passaging and alkaline phosphatase 
(AP) detection. Statistical analyses were performed using the JMP Software. The cytogenetics analysis 
showed two normal lines (bFF1 and bFF2), however, the bFF3 was abnormal. All lines were successful 
regarding GFP transduction (bFF1 85.1%, bFF2 71.1% and bFF3 86.4% of GFP+ cells). Regarding 
reprogramming culture treatments, the three lines generated colonies in all culture systems, where 13 
colonies of bFF1 (bFGF – 5, bFGF+2i – 5, LIF - 1 and LIF+2i – 3), 18 colonies of bFF2 (bFGF – 5, 
bFGF+2i – 5, LIF - 3 and LIF+2i – 5) and 19 colonies of bFF3 (bFGF – 5, bFGF+2i – 5, LIF - 4 and 
LIF+2i – 5) were manually picked. After, colonies that showed viability were passaged enzymatically. 
For bFF1, 80% of colonies derived from bFF1 cultured with bFGF, 75% in bFGF+2i, 100% in LIF and 
100% in LIF+2i were picked for next passage. In line bFF2, 80% of colonies in bFGF were picked, 100% 
in bFGF+2i, 40% in LIF and 100% in LIF+2i. In line bFF3, 100% of colonies in bFGF were picked, 80% 
in bFGF+2i, 75% in LIF and 60% in LIF+2i (P>0.05). As a first pluripotency test, all colonies tested were 
positive for AP detection. In conclusion, lines of bFF presenting both normal and abnormal karyotypes 
presented success after GFP transduction and reprogramming using OSKM in all medium tested, 
however, further tests should be performed to analyze the pluripotency status of colonies and indicate the 
best culture system, in special, after several passages to confirm the maintenance of pluripotency in vitro. 
We acknowledge FAPESP for funding (Grant 2012/50533-2, 2015/26816-5 and 2016/16841-2). 
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The use of mesenchymal stem cells (MSC) in the treatment of diseases has shown significant growth in 
veterinary medicine, since it is a therapy that can be used to accelerate wound healing, decrease 
inflammation and modulate the immune system, due to the release of cytokines and growth factors. MSC 
can be obtained from several adult tissues, however, the most commonly used source has been adipose 
tissue. Due to the emergency nature of some situations, as well as the need to send MSC to several 
Brazilian regions, an option for the immediate use of the cells in therapy emerged: the creation of 
cryopreservation banks of allogeneic cells. In this context, the objective of this study was to evaluate the 
period of time in which it is possible to maintain viable MSC at room temperature stored in a specific 
transport medium produced by BioCell® commercial laboratory. For this, MSC obtained from the 
adipose tissue of four dogs was used, each animal being considered a biological replicate. The cell line 
used was previously tested, by means of immunophenotyping, on the markers already described in the 
literature that guarantee to be a lineage of MSC. After culturing and confluence, the cells were 
cryopreserved and maintained in N2 until the time of the evaluations. Initially, cryopreserved samples 
were thawed and adjusted to 1x106 / mL, protected from light and stored at room temperature in insulin 
syringes in the total volume of 0.5 mL of BioCell® transport medium. Samples were stained by the Alexa 
Fluor® 488 Annexin V / Dead Cell Apoptosis Kit (Molecular Probes) and, after 15 min incubation, the 
samples were evaluated in FlowSight® image flow cytometry (AMNIS, Seattle, WA). The evaluations 
were started 2 h after thawing and performed every 2 h for a period of 36 h, with a final evaluation at 50 h 
after thawing. Approximately 30,000 cells were acquired per sample and the results were analyzed using 
IDEAS V6.0 analysis software (AMNIS). The results were analyzed by GraphPad (Prism 6) through the 
analysis of variance test and the means compared by the Tukey test. It was possible to observe that, only 
after 30 hours in storage at room temperature, the quality of the cells changed to that observed in 2 hours 
of storage. To the moment of 28 hours the average of viable cells was of 78.5 ± 9.2. Based on the results, 
it was possible to conclude that when kept in specific transport medium at a concentration of 1x106 / mL, 
MSC obtained from dogs can be maintained for up to 30 hours at room temperature without 
compromising viability. 
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The generation of pluripotent stem cells (induced pluripotent stem cells, iPSCs) through forced 
expression of known transcription factors in vitro (Takahashi and Yamanaka 2006) opened a new era for 
translational and regenerative medicine. The swine is a very adequate species to model several conditions 
and syndromes due to its well-known production, maintenance and physiological similarities to humans. 
Initial methods of pluripotency induction relied on integration of viral vectors into host genome that, 
although efficient, may lead to undesired mutations and residual transgene expression possibly resulting 
in tumorigenicity and differentiation. Alternative methods are desired aiming the safety for future clinical 
use of iPSCs. Herein, we aimed to generate porcine iPSCs by use of episomal vectors due to its non-viral 
and non-integrative properties, that can replicate extrachromosomally and it is gradually and 
spontaneously eliminated from the cells. Porcine fibroblasts were nucleotransfected (Nucleofactor 2b kit, 
cat.#VPI-1002, Lonza) with either Addgene´s human epissomal vectors containing pluripotency-related 
transcription factors, pCXLE-hOCT3/4-shp53-F (hOCT4, shRNA against p53, cat.#27077), pCXLE-hSK 
(hSOX2, hKLF4, cat.#27078) and pCXL.E-hUL (hL-MYC, hLIN28. cat.#27080) or mouse epissomal 
vectors pEB-C5 (mOCT4, mSOX2, mKLF4, mc-MYC, mLIN28, cat.#282229) and pEB-Tg (SV 40 
Large T antigen, cat.#28213). After 2 days of the nucleofection, the media was changed every other day 
and supplemented with 0.05mM sodium butyrate (cat.#303410, Sigma) until D12. On D6, 2x 104 cells 
were transferred into a new 10cm2 well previously covered with Geltrex (cat. #A14133-02, Gibco) and 
cultured from that moment on with E8 (cat.#A15169-01, Gibco). Cells were cultured for more than 40 
days in 38.5ºC and 5% CO2. So far, morphology and presence of Alkaline Phosphatase activity with the 
Leukocyte Alkaline Phosphatase kit (cat.# 86R, Sigma) were analyzed. Flat, compact and clear edged 
colonies formed by round cells with high nucleus-cytoplasm ratio were observed on the human vector 
group as early as D20, at D27 they were tested and positive for AP activity. Those results suggest a 
successful reprogramming of the porcine cells into iPSCs by epissomal vectors with the human based 
gene sequences. No colonies were formed on the mouse vector group until D40.  It was observed a 
change in cellular morphology where the cells gained characteristics similar of the other species´ iPS 
cells. Future steps include a more complete characterization regarding gene expression and protein 
detection. Also, optimization of procedures in order to achieve a higher efficiency of colony formation is 
still need to be performed. Such results may greatly contribute to the understanding of the role of these 
pluripotency factors and the generation of a safe and reproducible model of study for further cellular 
therapies used for regenerative and translational medicine.  
Supported by FAPESP (2017/02159-8). 
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The aim of this study was to evaluate the survival and in vitro development of IVP bovine embryos after 
cytoplasmic microinjection (MI) of donor DNA at the 1-cell stage embryo for HDR, targeting H11 and 
Rosa26, two safe harbor loci (SHL). Bovine IVP embryos were produced in 23 replications, according to 
Gerger et al. (Reprod Fertil Dev, 5:950-67, 2017). A total of 5,613 bovine cumulus-oocyte complexes 
(COC) from slaughterhouse ovaries were in vitro-matured (IVM) for 20 h and fertilized (IVF, D1) for 
either 18 h (Control intact Group n=1,071) or 8 h (treatment groups), when groups of presumptive 
zygotes (n=4,574) were partially denuded by pipetting 8 h post-fertilization (hpf) to facilitate MI, and 
then segregated into four treatment groups: Semi-denuded (Semi, n=1,039), non-MI control; MI (15 pL, 
8-10 hpf) with Tris-EDTA solution (TE) and Cas9 protein (TE/Cas9, n=489); and SHL groups, targeting 
either the H11 (n=1,389) or Rosa26 (n=1,625) loci, MI with Cas9 protein (30 ng/μL), guide RNA 
template for each SHL (20 ng/μL), and repair oligonucleotide templates (5 ng/μL) in TE solution (15 pL, 
8-10 hpf). All embryos were in vitro-cultured in SOF medium at 38.8oC, 5% CO2, 5% O2, and 90% N2, 
and saturated humidity up to the blastocyst stage (D7). Post-MI survival rates (D1), and cleavage (D2) 
and blastocyst (D7) rates were compared by the Chi-square test (P<0.05). Blastocysts were individually 
collected for genomic studies (pending analyses). Compared to Controls (Intact), partially denuding 
zygotes 8 hpf (Semi) reduced cleavage (726/1,071, 67.8% vs. 627/1,039, 60.3%) and blastocyst 
(335/1,071, 31.3% vs. 241/1,039, 23.2%) rates, respectively. Overall post-MI survival was 84.5% 
(2,961/3,503), which reduced cleavage (1,738/3,503, 49.6%) and blastocyst (493/3,503, 14.1%) rates, 
compared to the Intact and Semi groups. However, considering only surviving embryos after MI, 
cleavage rates were similar between the Semi and the MI groups (TE/Cas9, 226/376, 60.1%; H11, 
673/1,170, 57.5%; Rosa26, 839/1,415, 59.3%). Conversely, on a per total COC, per surviving, and per 
cleaved embryo basis, blastocyst rates were respectively lower in the H11 (181/1,389, 13.0%; 181/1,170, 
15.5%; 181/673, 26.9%) and Rosa 26 (230/1,625, 14.2%; 230/1,415, 16.3%; 230/839, 27.4%) groups than 
the TE/Cas9 group (82/489, 16.8%; 82/376, 21.8%; 82/226, 36.3%), which was similar to the Semi 
group. In summary, denuding zygotes 8 hpf compromised further development. Approximately 15% of 
the zygotes degenerated after MI, with cleavage rates being similar between semi-denuded and surviving 
zygotes after MI, irrespective of the group. The MI with TE/Cas9 had no effect on blastocyst rates, in 
comparison to the semi-denuded control group, but the MI with DNA donor templates for both SHL 
reduced development to the blastocyst stage. Despite the slight reduction in survival and development, 
procedures applied in this study were technically suitable for the cytoplasmic microinjection of cattle 
embryos.
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Recent studies in murine model have reported that induced pluripotent stem cells (iPSCs) are able to 
different into primordial germ cell-like (PGCL) (Hayashi et al. 2011 Cell 146, 519-532); however, no 
data is already reported in domestic animal models. The porcine is an important model for translational 
and regenerative research due to its similar physiological, anatomical and morphological features to 
humans. For this reason, the generation of porcine PGCLs in vitro (ipPGCL) can be useful to understand 
genetic and epigenetic remodeling of these cells in vitro and in vivo. This study aimed the generation and 
characterization of porcine primordial germ cells-like (ipPGCL) in vitro. First, porcine induced 
pluripotent stem cells (piPSCs) were induced into epiblast-like cells (EpiLC) by culture in fibronectin-
coated (16.7mg/ml) 6-well plates and N2B27 culture medium supplemented with 20ng/ml activin A, 
12ng/ml basic fibroblast growth factor (bFGF), and 1% knockout serum replacement (KSR) for 48 h. 
Then, epiblast-like cells were induced to differentiation in ipPGCL by non-adherent culture (Agree well 
plates, StemCell Technologies, Vancouver, BC, Canada) with GK15 medium (GMEM) supplemented 
with 15% KSR, 0.1 mM nonessential amino acids, 1 mM sodium pyruvate, 0.1 mM 2-mercaptoethanol, 
2mM L-glutamine, 1% antibiotics, 500ng/ml BMP4, 100 ng/ml SCF, 500ng/ml BMP8b, and 50ng/ml 
epidermal growth factor for 4 days. Lastly, putative ipPGCLs were characterized according to its 
morphology, alkaline phosphatase detection and expression of OCT4 and gem cells (DDX4/VASA, 
DAZL) markers. Our results showed that piPSCs can be induced into EpiLCs and these cells were further 
induced into putative ipPGCLs. In addition, ipPGCLs had typical morphological features: oval or round 
shape and irregular contour, were positive for alkaline phosphatase, OCT4, DDX4 (VASA) and DAZL. 
These preliminary data represent the first step for in vitro generation of porcine ipPGCLs. The ability to 
generate ipPGCLs from piPSCs may provide an adequate in vitro model to be used in the study of 
unanswered questions about germ cell biology and infertility.  
Financial support: FAPESP 2015/25564-0 and 2015/26818-5. 
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Several studies confirm the therapeutic efficacy of umbilical cord stem cells of many species; however, 
there are few studies that characterize them in buffaloes. Thus, the aim of this study was to isolate and 
identify stem cell populations post-mortem from the umbilical cord of buffaloes. Samples were obtained 
from the fetuses of pregnant buffaloes slaughtered in slaughterhouses in the city of Viana, Maranhão. For 
cell isolation, fragments of umbilical cord were washed with phosphate-buffered saline solution and 
antibiotics (100 μg/mL of streptomycin and 100 Units/mL of penicillin), cut in Petri dishes, conditioned 
in culture bottles containing α-MEM medium and incubated at 37ºC and 5% CO2. For morphological 
analysis, the cells were evaluated every 48 hours during two weeks. Culture aliquots were frozen for 
further RNA extraction and, for analysis of the gene expression of the pluripotency markers CD29, CD44, 
SOX-2 and NANOG by real-time RT-PCR. Statistical analyses were performed using the software 
GraphPad Prism 5. Cells presented 80% confluence from the fifteenth day of culture, with high expansion 
capacity after the first pass. Morphologically, cells varied from fusiform to rounded, meeting the 
morphological definition of stem cells established by the International Society for Cellular Therapy. In 
the analysis of gene expression of the second and fourth passage cultures, it was observed that both 
expressed transcripts of the evaluated genes, with significant results in the fourth passage culture, because 
they present a larger number of cells, therefore, more homogeneous expression of the markers. According 
to the results, it was possible to consider that the post-mortem isolation of mesenchymal stem cells from 
the umbilical cord of buffaloes is feasible, since there were no changes in cell viability, and the gene 
expression confirms that these are, in fact, mesenchymal stem cells. 
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Mesenchymal stem cells from the bone marrow are able to differentiate into several tissues, such as bone, 
cartilage, adipose tissue and muscles. Most stem cell research is performed on humans, rodents, felines 
and pigs, and there are few works with breeding animals, especially buffaloes. The aim of this study was 
to isolate populations of mesenchymal stem cells from the bone marrow of buffaloes post-mortem, for 
morphological evaluation and expression of pluripotency genes. The bone marrow was collected from the 
sternum of five buffaloes from the city of Boituva - SP. The samples were washed with PBS, centrifuged 
and, after discarding the supernatant; the pellet was resuspended in DMEM medium and deposited on 
Ficoll-Paque solution. After further centrifugation, a white ring of cells was formed, which was collected, 
resuspended in medium and plated at a density of 2x105 cells/cm2. Cells were analyzed every two days for 
two weeks under inverted microscope until freezing. For growth curve analysis, cells were seeded in the 
fourth passage in 24 well plates, at a density of 2x104 cells/ well, cultured for four days and counted on 
the interval of 24, 48, 72 and 98h (3 wells per treatment), to determine the number of cells and the best 
time for population doubling. To determine the expression of the pluripotency genes CD29, CD44, SOX-
2, NANOG and the constitutive gene GAPDH, real-time PCR (RT-qPCR) technique was performed. 
After 48 hours of isolation, was observed the adhesion of the first cells to the bottles, reaching 80% 
confluence after 10 days of culture. Cells exhibited high in vitro expansion capacity. Morphologically, the 
cells presented a spindle-shaped and elongated form, similar to fibroblasts. There was no expression of 
any of the genes analyzed in buffalo bone marrow samples. The samples were run on agarose gel and 
only the endogenic control was observed. The results obtained reaffirm the need for new tests to confirm 
or not the viability of the post-mortem isolation of the bone marrow as a source of mesenchymal stem 
cells.
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Much emphasis is currently given to the use of interspecific Somatic Cell Nuclear Transfer (iSCNT) as a 
potential salvage tool for endangered animals. Despite these achievements, the success rate of iSCNT is 
still low. Mitochondria have a broad range of critical functions in cellular energy supply and programmed 
cell death, suggesting that inadequate mitochondrial functions may adversely affect iSCNT success. Thus, 
the aim of this study was to evaluate the in vitro development of brown brocket deer (Mazama 
gouazoubira) cloned embryos produced by iSCNT using bovine cytoplast. Additionally, the expression 
levels of the mitochondrial genes (ATP6, COX3 and ND5) in cloned embryos were verified. Cell culture 
was prepared from skin biopsies from a M. gouazoubira adult female. After 7-14 days of incubation, 
monolayers with fibroblast-like morphology were disaggregate and stored in liquid nitrogen. Quiescence 
of donor cells was induced by growth to confluence prior to the scheduled experiment. Bovine ovaries 
were obtained from a local abattoir and the recovered COC were submitted to IVM in supplemented 
TCM199 (EGF, cysteamine, pyruvate, estradiol, antibiotic/antimycotic, FSH/LH and FBS) in 5% CO2 at 
38.5°C for 20-21 h. After IVM, denuded oocytes were stained with Hoechst 33342. Enucleation was 
performed under inverted microscope equipped with micromanipulators (Narishige, Tokyo, Japan). 
Embryo reconstruction was achieved using couplets fibroblast/cytoplast: deer/bovine and bovine/bovine. 
The couplets were placed in a 0.2-mm micro-fusion chamber (Eppendorf, Hamburg, Germany). 
Membrane fusion was performed using an electroporation system (Multiporator, Eppendorf) and the 
activation was induced by exposure to 5 µM ionomycin in TALP-H and incubation in 1.9 mM of 6-
DMAP) in SOF. A bovine IVF group was used as a control. Presumptive zygotes were cultured in SOF 
supplemented (FBS and BSA) and a humidified gas mixture of 5% CO2, 5% O2 and 90% N2 at 38.5°C. 
Target gene expression was normalized for GAPDH. Relative quantification was performed in technical 
triplicate using a QuantStudio 3 Real-Time PCR System (Thermo Fisher Sci., Waltham, USA). Cleavage 
and blastocyst rates were analyzed using Fisher’s exact test. Gene expression profiles were compared 
using non-parametric test (P<0.05). There was no difference (P>0.05) for cleaved and blastocyst rates 
between deer/bovine and bovine/bovine: 72.8% vs 65.5% and 11.3% vs 5.9%, respectively. However, the 
IVF group showed the highest blastocyst rate (44.0%). The deer/bovine group showed increased 
expression (P<0.05) for all evaluated genes when compared to IVF group, but when compared to 
bovine/bovine, the only difference was verified for ATP6. This study has demonstrated that bovine 
cytoplasts were efficient to produce brown brocket deer cloned embryos. 
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The injection of allogeneic mesenchymal stem cells (MSCs) in the ovaries can increase the number and 
quality of follicles and oocytes, with direct positive impact on IVEP. The aim of the present study was to 
evaluate the oocytes recovery rate per OPU and embryo production after the injection of MSCs in the 
ovarian cortical layer. In the study, 27 Nelore (Bos indicus) cows were submitted to synchronizations of 
the follicular growth wave [D -65: insertion of an intravaginal P4 device (1.0 g) and administrations of 
EB (2.0 mg im) and PGF2α (0.53 mg im, sodium cloprostenol)]. Five days later (D -60), the P4 device was 
removed and the animals submitted to ultrasonographic evaluations and ovum pick up (OPU) followed by 
in vitro embryo production (IVEP). These procedures were repeated at 30-day intervals (D -30 and D0). 
On D1, cows were distributed to one of three experimental groups: CONT (there was no stem cells 
application; n=7), MSC1 (MSCs application – 5x106 cells per ovary – on the cortical layer of one of the 
ovaries; n=10) and MSC2 (MSCs application – 5x106 cells per ovary – on the cortical layer of both 
ovaries; n=10). Allogeneic MSCs from adipogenic origin were isolated and cultivated in IMDM culture 
medium with 20% FBS and 1% P/S, at 37 °C in 5% of CO2 for cellular expansion until third passage. 
Posteriorly, MSCs were frozen in DMSO and maintained in liquid nitrogen until the day of application in 
the ovaries. On the injection day, the cells were thawed and DMSO removed. Followed, were maintained 
in IMDM culture medium until the application moment. After MSCs application, the cows of all groups 
were again submitted to follicular synchronizations, ultrasonographic evaluations and OPU-IVEP 
procedures at 30, 60, 90, 120, 150 and 180 days. The data were analyzed as time-repeated measures using 
the GLIMMIX procedure of SAS. After the MSCs treatment was observed interaction between treatment 
and time for the numeric variables: total follicles aspirated (P=0.001) total oocytes retrieved (P=0.01), 
viable (P=0.03) and cleaved (P=0.02), total embryos per OPU session (P=0.01) and hatched blastocysts 
(P=0.05). In cows receiving MSCs, the production curve of numeric variables presented less reduction in 
time in relation to CONT group. Interaction between treatment and time was not observed for the rates 
evaluated. It was verified that cows receiving MSCs had an increase in the recovery rate (CONT=62.6%b, 
MSC1=62.8%b and MSC2=67.8%ª; P=0.01), viable oocytes rate (CONT=63.0%b, MSC1=64.3%ab and 
MSC2=67.8%ª; P=0.01), cleaved rate (CONT=63.8%b, MSC1=67.9%ª and MSC2=64.5%ab; P=0.03), 
blastocyst rate (CONT=34.7%b, MSC1=39.0%a and MSC2=33.3b%; P=0.001) and hatched blastocysts 
rate (CONT=26.8%b, MSC1=31.5%ª and MSC2=26.2%b; P=0.0003). It was concluded that MSCs 
application increased the OPU-IVEP efficiency in bovine females. 
Acknowledgements: Fapesp 2012/50533-2 (GIFT).  
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The objective was to evaluate the morphological features and blood flow (BF) of the corpus luteum (CL) 
throughout the estrous cycle and the efficiency of an early pregnancy diagnosis (EPD) of non-pregnant 
ewe, performed on day 17 with color Doppler ultrasound. In experiment 1, the morphological evaluation 
of the CL was performed in 34 Dorper x Santa Inês crossbred, which were randomized in groups (G1 - 
teased and G2 - mated). The estrus cycle was synchronized with intravaginal sponges (60 mg of 
medroxyprogesterone acetate, Progespon™ - Zoetis, São Paulo, Brazil) insertion on day o (D0). On D7, 
400UI of eCG (Novormon™ - Zoetis) and 0.133mg of sodium cloprostenol (Ciosin™ - MSD Animal 
Health, São Paulo, Brazil) was applied and, the intravaginal sponges were withdrawn two days later on 
D9. After expected day of ovulation, the overall area and BF area of the CL were daily inspected 
throughout the 17 days of the estrous cycle by transrectal ultrasonography (-B and –Doppler mode). 
Blood samples were taken for progesterone (P4) analysis. The data were analyzed using PROC MIXED 
procedure (SAS 9.3), using T test for group effect and LSD test for day effect and group x day 
interaction. Probabilities less than 5% were considered significant. For experiment 2, early pregnancy 
diagnosis (EPD) was performed on day 17 of the estrous cycle in 62 sheep, and pregnant was designed for 
ewe with BF area detected in at least one CL. Non-pregnant ewe was designed for animals with no 
apparent BF area. On day 30 of the estrous cycle (D30), the pregnancy diagnosis (DG30) was confirmed 
by B-mode ultrasonography. Considering the DG30 a Gold pattern, indexes for sensitivity (SEN), 
specificity (SPE), positive predictive value (PPV), negative predictive value (NPV) and accuracy were 
calculated for the EPD performed on day 17. On experiment 1, The CL area increased to D5 (P <0.0001), 
with no significant growth on subsequent days, this same pattern was similar between groups. However, a 
drop on CL area, starting on D13 (P <0.0001) was observed only in G1. The same pattern was observed 
for the BF area in both groups. A drop on plasma concentrations of P4 starting on D12 (P <0.0001) was 
also observed only in G1. On experiment 2, the EPD had shown a SEN of 100.0%, SPE of 80.5%, VPN 
100.0%, PPV of 73.3% and ACC of 87.1%. There was a low false positive diagnostic (12.9%, 8/62), 
caused by long cycles and early embryonic losses, and no false negative diagnostic was observed. The 
Doppler technology is a potential tool to access luteal function and for the early diagnosis of pregnancy in 
sheep. 
Support: Fapemig, Capes and CNPq. 
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The sirtuins are members of the histone deacetylase (HDAC) family and are involved in the regulation of 
transcription activation and apoptosis. In this regard, the aim of this study was to investigate the influence 
of different temperatures during in vitro maturation (IVM) on the developmental competence of bovine 
oocyte, as well as mRNA expression of sirtuins. Cumulus-oocyte complexes (COCs) from Simental cows 
were stained with Brilliant Cresilblue (BCB) and categorized as BCB+ or BCB-. Soon after, they were 
matured in vitro at different temperatures (37°C, 38.5°C and 40°C). After IVM, the oocytes were denuded 
and evaluated for the extrusion of the first polar body, and the cumulus cells were stored for mRNA 
expression analyses. Next, in vitro embryo production (IVEP) was carried out with the oocytes. Real-time 
PCR of oocytes and cumulus cells was performed to determine mRNA expression of sirtuins. For 
parametric data, ANOVA was applied and when a significant difference was found, the Tukey test with 
5% probability was performed. For non-parametric data, the Kruskal Wallis statistical test was performed 
with 5% probability (software R). The different maturation temperatures did not significantly influence 
the maturation rate and the oocyte cleavage rate. However, COCs matured at 38.5°C (control) had a 
higher rate of blastocysts (37%), in contrast to those at matured at 37°C and 40°C (33.2% and 21.5%, 
respectively). At all different temperatures, the rates of blastocysts were higher for BCB+ oocytes than for 
BCB- oocytes. In the BCB+ oocytes the mRNA expression of SIRT1, SIRT2, SIRT3 and SIRT5 were 
higher after maturation than in immature oocytes, but no difference was observed in BCB- oocytes. In 
addition, the maturation temperature proved to have an effect on the expression of SIRT1, SIRT2, SIRT3 
and SIRT5 mRNAs in BCB+ oocytes, with the control group been superior to all other treatments. In 
cumulus cells, only the mRNA expression of the SIRT2 gene had no effect on the different temperatures 
in the BCB+ oocytes, whereas the expression of the mRNA of the SIRT1 gene presented higher 
expression at the temperature of 38.5°C. The mRNA expression of the SIRT 3 and 5 was affected by the 
temperature of 40°C. Cumulus cells from BCB- oocytes had an effect only on the expression of SIRT3 
mRNA, which was higher at 40°C. BCB+ oocytes are more resistant to different temperatures than BCB- 
oocytes. In addition, the IVM temperature influences the mRNA expression of SIRT 1, 2, 3 and 5, which 
are important for cell protection. The most significant effects were observed in the hottest temperature (40 
°C). Therefore, findings from this study indicate that low quality oocytes, according to the BCB selection, 
are more susceptible to detrimental effects of unideal IVM temperature, which causes irreversible effects 
on the oocytes and decreases production of blastocysts. 
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Artificial culture systems require well-controlled conditions to mimic natural environment for cell culture. 
Components such as fetal bovine serum (FBS) and oxygen tension are essential to establish the optimal 
condition. Albeit broadly adopted in human and animal cultures, artificial environment has been related to 
incidence of epigenetic disorders. Components present in FBS were identified as barrier to the epigenetic 
reprogramming. In malignant cells, O2 concentration seems to be critical for epigenetic regulation, due to 
the action of demethylases enzymes. These enzymes are dioxygenases involved in the epigenetic control 
and hypoxia-inducible factor regulation. Nevertheless, little is known about the impact of those 
environmental factors on the bovine epigenome. In this project, we aimed to use bovine fibroblasts as a 
model to investigate how artificial environmental factors as serum starvation, cellular confluence, and 
oxygen tension impact the bovine epigenome. In order to answer it, this project was divided in two 
experiments. In the first one, our goal was to investigate the influence of growth arrest upon repressive 
chromatin marks. To this end, fibroblasts were cultured: under regular condition (10% FBS), serum 
starvation (0.5% FBS) and until reach confluence. After treatment, we analyzed the changes on the 
histone marks H3K9me2, H3K9me3, and H3K27me3 by immunostaining and ChIP-Seq. Both treatment 
showed a global reduction in the epigenetic marks levels compared to the control group. Regarding ChIP-
Seq, our preliminary bioinformatics analysis revealed substantial changes in the chromatin patterns 
caused by both treatments. Annotated Peak analysis showed 446, 305, and 505 exclusive genes for 
H3K9me2; 319, 448, and 275 for H3K9me3; and 1028, 565, and 2154 for H3K27me3 in control, 
starvation, and confluence group, respectively. Peak intensity analysis showed different patterns on 
Transcription Start Sites associated with the groups and treatments. Additionally, enrichment analysis of 
biological process showed 134 relevant pathways, where 20 genes were enriched with the three marks, 
when starvation and confluence were compared to control. In the second one, our goal was to investigate 
the influence of O2 tension on the epigenetic “erasers” expression. For this, bovine fibroblasts were 
cultured in low (5%) and high (20%) O2 tension, and collected at different passages for gene expression 
analysis of HIF1A, VEGF, KDM3A, KDM4A, KDM4C, and TET1. Among them, only VEGF was 
differently expressed at the third passage. Analysis of samples in different passages are underway to 
verify the long-term influence of oxygen tension. Whereas preliminary, these results demonstrate the 
major influence of artificial environmental factors on the bovine epigenome, and suggests that bovine 
fibroblasts could be a suitable model to study epigenetic modifications caused by in vitro conditions.  
Financial support: FAPESP: 2013/08135-2; 2015/08807-6. 
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Testicular tissue maintenance is performed by the testicular artery, and its hemodynamics can be 
evaluated using Doppler ultrasonography. The present study aimed to characterize the peak systolic 
velocity (PSV), diastolic velocity (EDV), the pulsatility index (PI) and resistivity index (RI) of five 
regions of the testicular artery, three previously described (distal supratesticular, marginal and 
intratesticular) and two not yet presented in the literature (proximal and middle supratesticular). Twenty-
two medium size dogs were used, with an average weight of 11.6 ± 5.5 kg, the PSV, EDV, PI, and RI of 
the testicular artery were measured in the proximal, middle and distal supratesticular, marginal and 
intratesticular regions. For regions evaluation the pampiniform plexus was located and the probe was 
moved cranially to the proximal portion of the inguinal ring (proximal supratesticular region). The portion 
between the proximal and caudal supratesticular region was characterized by middle supratesticular. The 
variables were compared between the regions using the Kruskal-Wallis test. Mann-Whitney test was used 
to compare the regions between the left and right testicles, using SigmaPlot 11.0 software and a 
significance level of <5%. There was no difference in hemodynamics measured by Doppler between the 
left and right testicles. The medians for PSV (cm/s), EDV (cm/s), PI and RI in the five regions were 
respectively: proximal supratesticular region (23.1, 3.7, 2.1 and 0.8); middle supratesticular (17.2, 4.5, 
1.5, 0.7); distal supratesticular (12.2, 5.7, 0.8, 0.5); marginal (11.3, 6.5, 0.5, 0.4); and intratesticular (5.7, 
3.5, 0.5, 0.4). There was a difference between the PSV of the middle and distal supratesticular regions. 
There was a difference of PSV, EDV, PI, and IR between the distal supratesticular, marginal and 
intratesticular regions. Measurements of the PSV, EDV, PI, and RI of the testicular artery of dogs in the 
five proposed regions showed different results, related to the hemodynamic and morphological 
differences of the artery during its course in the spermatic cord and the testicles. To the authors’ 
knowledge, this is the first description of Doppler velocimetry of the testicular artery of dogs in the 
proximal and middle supratesticular regions. Due there is a difference in Doppler values according to the 
measured region, there is a need to identify the region in Doppler velocimetric evaluations of the 
testicular artery of dogs. 
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The addition of Sodium Lauryl Sulfate (SLS), a commercial product, although at an unknown 
concentration, improves ram sperm quality after thawing. As an alternative, some studies tested the 
detergent Sodium Dodecyl Sulfate (SDS) as an additive. However, no ideal concentration is defined. This 
study aimed to determine the best SDS concentration as an additive to Tris-Egg Yolk-Glycerol (TEYG) 
extender for ram semen. Ejaculates of four adult rams with progressive motility (PM) ≥ 70% were pooled 
(n = 5), including the same spermatozoa concentration from all rams. The semen was diluted in TEYG (2 
x 109cells/mL) and split in five groups: control without detergent (CON-); control with of SLS (CON+, 
0.5% Equex®); and groups with 0.017% (G1), 0.05% (G2); and 0.15% (G3) of SDS. Diluted semen was 
packed in 0.25 ml straws, which were cooled at 0.5°C/min to 5°C and kept at this temperature for 90min. 
Straws were kept at 4 cm of distance from liquid nitrogen for 10 min. Thereafter, straws were submerged 
in liquid nitrogen and stored until evaluation. Paired samples were thawed and incubated at 37°C. The 
PM was determined by a Computer Assisted Semen Analysis (CASA, Sperm Vision®), considering four 
post thawing incubation periods: 10min (T0); 60min (T1); 180min (T2); and 300min (T3). Sperm 
membrane and acrosome integrity were determined at T0 by flow cytometry (Attune®). The responses 
were analyzed by ANOVA, with comparisons of means by the Tukey test. At T0, PM was greater (P 
<0.05) in groups including SDS (60.5%) than in CON- and CON+ (47.3%), which had similar PM 
(P>0.05). At T1, PM was generally similar between groups, although G3 presented greater PM mean than 
CON- (P <0.05). At T2, G1 presented similar PM to G2 (39.3%), but greater (P <0.05) than the other 
groups (30.6%). At T3, PM for G2 (33.8%) was greater (P <0.05) than for G1, CON- and CON+ (24.0%). 
Spermatozoa from CON+ presented greater acrosome integrity (73% - P <0.05) than CON- (54%), but no 
other differences were observed among groups. Generally, sperm frozen with SDS presented greater in 
vitro viability compared to the controls. As there was lower PM reduction between T0-T3, we conclude 
that SDS should be used at 0.05%. The results should be tested in vivo to confirm the feasibility of using 
0.05% SDS as an additive in ram sperm freezing. 
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Gene expression in Cumulus cells (CCs) have previously been suggested as a predictive tool for oocyte 
quality in several studies. Still, there is little consensus about which biomarkers would actually be 
clinically efficient and applicable (Fragouli, Human Reproduction Update, 20:1-11, 2014). We analyzed 
CCs gene expression data considering the patient’s clinical characteristics and the oocyte’s potential, 
aiming to identify possible biomarkers of oocyte competence independently of patient’s clinical 
characteristics. Pooled CCs samples were obtained from 29 patients submitted to ICSI procedure. The 
oocytes corresponding to the samples were accompanied until day 5 after ICSI, and samples were divided 
in Good Quality group (GQ) (n=11) and Poor Quality group (PQ) (n=18) accordingly to blastocyst 
formation. Each sample was submitted to reverse transcriptase quantitative polymerase chain reaction 
(RT-qPCR) on StepOnePlus™ (Applied  Biosystems,  USA).  Oligonucleotides were selected to be 
complementary to the human sequence of Anexin 1 (ANXA1), Prostaglandin-endoperoxide synthase 2 
(PTGS2), Glutathione Peroxidase 4 (GPX4) and Glutathione-S-Transferase 1 (GST1). The relative 
expression was calculated by the 2-ΔΔCT method (Livak and Schmittgen, Methods, 25:402–408, 2001). 
Patient’s clinical data (infertility diagnosis, BMI, age and stimulation protocols) and experimental data 
were combined using mice package (Buuren and Groothuis-Oudshoorn, Journal of Statistical Software, 
45, 2011) in a multiple regression model built using the percent of blastocysts as dependent variable and 
clinical data as independent variables. Test models composed of clinical variables and each assay data 
were compared against the baseline model. All procedures and computations were performed in R 
statistical environment. Differences within the experimental groups were determined by Mann-Whitney 
test (GraphPad® Software 5.0). When submitted through Mann-Whitney test, only ANXA1 expression 
shown to be significantly different between GQ and PQ groups (P<0.05), being elevated in GQ group. 
Gene expression results were then submitted to linear regression analysis, which indicated that ANXA1 
expression levels were not a potential predictor of oocyte quality when we considered clinical 
information. Contrarily, PTGS2 expression levels were overexpressed in GQ group (P<0.05), and this 
significance was independent of the clinical variables of each patient. As far as we are aware, this is the 
first study suggesting biomarkers found in CCs that predicts blastocyst formation potential regardless of 
patients age, diagnosis, BMI and stimulation protocol. 
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Embryo cryosurvival is a complex process involving dynamic structural and molecular changes. The aim 
of this work was to evaluate the transcriptional profile of bovine embryos with high and low cryosurvival. 
Immature oocytes (n=3926) were in vitro matured, fertilized and culture under standard conditions. 
Cleavage and embryo production were recorded on day 3 and 7 after fertilization, respectively. Grade I 
expanded blastocysts (n=894) were vitrified by the cryotop method. Vitrified blastocysts were warmed 
and embryo re-expansion and hatching rates were recorded at 6 and 12 h after warming, respectively. A 
rigorous morphological evaluation was done by experienced technician and embryos were classified as 
high cryosurvival (HC: blastocysts with the blastocoel completely re-expanded followed by hatching 12 h 
after warming and without or with mild signs of degeneration), and low cryosurvival (LC: blastocysts 
with poorly re-expanded blastocoel not followed by hatching 12 h after warming and with severe signs of 
degeneration) after cryopreservation. HC and LC extracted RNA (PicoPure®) samples (123 
blastocysts/group; pool of 41 blastocysts per replicate; n=3) with RNA integrity ≥7.7 were submitted to 
library preparation and RNAseq (Illumina®). Sequencing data were cleaned, mapped against the Bos 
taurus genome, reads counted, and differential expression analysis was performed (edgeR). For gene 
enrichment analysis, Ingenuity Pathway Analysis (IPA) was used. An independent set of blastocysts (25 
blastocysts/group; pool of 5 blastocysts per replicate; n=5) was evaluated on microfluidic 96.96 dynamic 
array (Biomark®) qPCR analysis. Cleavage and blastocyst production rates were 73.2% (2873/3926) and 
29.0% (1137/3926), respectively. The re-expansion (89.2 vs. 73.4%) and hatching (23.7 vs. 8.4%) rates 
were higher (P <0.05) at 12h compared with 6h after warming, respectively.  A mean of 17.8 million of 
reads per sample were uniquely mapped. Blastocyst samples were clearly separated with pronounced 
group individualization at two- and three-dimensional principal component analysis and heat clustering 
mapping sustaining the phenotype characterization (high vs. low cryosurvival). A total of 9422 genes 
were identified, 114 were differently expressed genes (p-adjusted <0.05), with 27 and 84 genes up-
regulated in HC and LC, respectively. Among the top five biological functions identified (p-adjusted 
<0.1), organismal survival, cell death and survival, cellular growth and proliferation were predicted to be 
activated (z-score ≥+2) whereas cellular movement and cell-to-cell signaling were predicted to be 
inhibited (z-score ≤-2) at HC. At qPCR, 81.5% (65/96) of the genes presented the same transcription 
pattern of RNAseq. Therefore, the present work provided a comprehensive analysis of the transcriptional 
profile of bovine embryo cryosurvival and elucidated the involvement of noble biological processes in the 
embryo development resumption after cryopreservation. 
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Male and female embryos are known to be different in terms of developmental kinectics, metabolism, 
gene expression and epigenetic patterns, as well as several stress conditions resistance. Consequently, it 
can be assumed that the response to cryopreservation may also be different between male and female 
embryos. However, there are no reports in literature evaluating the effect of gender on the response of 
bovine embryos to vitrification. In this study, the expression of eight genes related to apoptosis and cell 
damage (FOSL1, HSPB1, CASP3 and CASP8), thermal stress (HSPA5 and HSPA1A) and glucose 
metabolism (G6PD and PGK1) in IVP bovine embryos were analysed, by qPCR, aiming to determine the 
difference between gender on the response to cryopreservation. Male and female cryopreserved bovine 
embryos oocytes obtained from slaughterhouse ovaries were used, then were submitted to 24 hour IVM, 
inseminated with previously tested bull semen and presumptive zygotes were transferred to in vitro 
culture (IVC) medium, where they remained for 7 days. Cleavage on D2 and blastocysts rates on D6 and 
D7 were evaluated. On D7, expanded blastocyst embryos were removed from IVC and distributed into 
two treatments: control (C) and vitrified (V) by Cryotop (Cryo-Ingá: Ingamed®, Maringá, Brazil) 
method. After the warming process, embryos from C and V groups returned to IVC conditions for 
additional 24 hours. Then, hatched blastocysts were stored individually in DM-PBS solution at -80 ° C for 
sex determination. Each embryo was submitted to a DNA and RNA extraction process simultaneously 
using the AllPrep DNA/RNA Mini Kit (Qiagen®, Hilden, Germany). The extracted DNA was used for 
embryo sex determination, which was performed by PCR and confirmed in 1.5% agarose gel. Embryos 
were pooled in number of 20 according to the sex into 3 pools of male embryos C and V and 3 pools of 
female embryos C and V. These pools were used for gene expression quantification by qPCR using Sybr 
Green FAST Master Mix. ACTB and GAPDH were used as endogenous controls genes. Data were 
analyzed by t-test, considering P ≤ 0.05. Among analyzed genes, female and male embryos differed 
between them in V treatment for HSPA1A (P = 0.0043), CASP3 (P = 0.0037) and G6PD (P = 0.0071) 
genes and in C group for G6PD (P = 0.0526) gene. Results indicate that gender did not affect 
cryopreservation response, because there was no difference between treatments. Therefore, it was evident 
that male and female bovine embryos are different, despite being submitted to cryopreservation process or 
not, and those differences are sex-related, because female embryos showed higher abundance regarding to 
gene expression compared to the male counterparts. 
Financial Support: CAPES, FAPES, Embrapa. 
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Luteal analysis by ultrasonography (US) was previously demonstrated in cows and sheep as an early and 
accurate pregnancy diagnosis. This study aimed to establish the best day for early pregnancy diagnosis in 
dairy goats, using luteal morphological assessment by B-Mode US. Saanen does (n=131) about 2.0±0.5 
years old were used. At the first study, after a hormonal protocol for induction of synchronous estrus and 
artificial insemination, 60 animals were accompanied from Day 15 to Day 23 of the estrous cycle (Day 1 
or D1 = ovulation day), by a subjective and scored B-Mode US assessment using a portable equipment 
(Sonoscape S6, Shenzhen, China) with a 7.5 MHz linear rectal transducer adapted to be used in small 
ruminants. Luteal morphology score 1 (near anechoic) meant no pregnancy and, score 2 (heterogeneous 
and hypoechoic) and 3 (homogeneous hyperechoic) meant positive pregnancy. At the second study, 71 
does passed through the same protocol and had the ultrasound exam performed at Day 23 (the best day 
detected by the first study) for the luteal morphological assessment. In both studies, B-Mode uterine US 
at D30 confirmed pregnancy diagnosis (Gold standard). The performance of the subjective luteal 
morphology analysis and its agreement with the gold standard outcome in both studies was classified 
calculating Sensitivity (SEN), Specificity (SPEC), Positive Predictive Value (PPV), Negative Predictive 
Value (NPV), and Kappa index (κ). In study 1, pregnancy diagnosis by subjective luteal assessment by B-
Mode US was not feasible at D15 and D16 (SEN 100%; SPEC 0%; PPV 49%; NPV was incalculable, 
and κ = 0) as all Corpora Lutea were considered viable (score above 2) and consequently all animals were 
diagnosed as pregnant. From D17 to D23, the overall performance of the technique progressively 
increased. D17: SEN 100%; SPEC 4%; PPV 50%; and κ = 0.04; D18: SEN 100%; SPEC 8%; PPV 51%; 
and κ = 0.08; D19: SEN 100%; SPEC 27%; PPV 56%; and κ = 0.27; D20: SEN 100%; SPEC 50%; PPV 
66%; and κ = 0.50; D21: SEN 100%; SPEC 73%; PPV 78%; and κ = 0.73; D22: SEN 100%; SPEC 81%; 
PPV 83%; and κ = 0.80; D23: SEN 100%; SPEC 92%; PPV 93%; and κ = 0.92; also NPV 100% from 
D17 to D23. Besides, two animals diagnosed as non-pregnant on Day 30 CL scored as 2 until Day 23. In 
study 2, the assessment presented a similar pattern of sensibility and specificity observed in study 1 (SEN 
100%; SPEC 95%; PPV 94%; NPV 100%, and κ = 0.94). The results showed that subjective luteal 
morphological assessment by B-Mode US is a reliable tool for early pregnancy diagnosis in goats and can 
be efficiently be used as early as 23 days post-breading. 
Acknowledgments: Universidade Federal Fluminense, Infra-LabPesq/PROPPI, FAPERJ and the dairy 
goat farm Capril Vale das Amalthéias. 
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In Vitro Brasil Ltda. (IVB), a Brazilian company that leads the worldwide market for in vitro production 
of bovine embryos, introduced embryo cryopreservation techniques (vitrification and slow freezing, 
marketed as Direct Transfer - DT) in the middle of 2014, however, both of them were applied on a large 
scale only in 2015. The aim of this study was to evaluate the impact of the introduction of new 
technologies of cryopreservation on the commercial destination of bovine embryos, as well on pregnancy 
rates obtained from cryopreserved embryos. Data were collected from the company’s own laboratories in 
Brazil. The proportion of embryos designated for both cryopreservation techniques represented 22.94% 
(21,483/93,660), 45.18% (68,475/151,577), 50.97% (60,399/118,503) and 58.10% (83,654/143,986) of 
the total number of embryos produced in 2014, 2015, 2016 and 2017, respectively. In addition, because of 
improvements made to the cryopreservation techniques over the time, there was an inversion in the 
destination of embryos and more than 50% of the total produced embryos were cryopreserved. Due to this 
inversion, we decided to verify the possible impact of the cryopreservation techniques on pregnancy rates 
for embryos transferred fresh (ET), frozen (DT) or vitrified (VIT). Data normality was confirmed with the 
Lilliefors test (p = 0.87), and data analyzes performed by two-way unbalanced ANOVA with interactions. 
There were no significant differences between cryopreservation techniques on pregnancy rates fresh 
embryo transfer (n = 38.163) 46.39%, slow freezing (n = 2.826) 35.60% and vitrification (n = 20.143) 
44.95% (p = 0.083, SD = 0.069). In addition, there was no significant difference (p = 0.37) between the 
three techniques when compared in embryos from each of the breeds used for data collection Gyr 
[45.63% (1,734/3,801), 33.10% (48/145), 36.75% (61/166)], Girolando [41.76% (2,586/6,192), 39.39% 
(156/396), 43.60% (825/1,892)], Holstein [42.16% (1,081/2,564), 40% (2/5), 36.65% (188/513)], Nelore 
[49.32% (6,168/12,506), 33.95% (721/2,124), 41.21% (1,669/4,050)] and Senepol [46.84% 
(6.136/13.100), 50.99% (77/151), 46.67% (6.311/13.522)], ET, DT and VIT, respectively. In conclusion, 
our results demonstrate that the large-scale use of well-consolidated cryopreservation techniques does not 
affect pregnancy rates obtained over time compared to fresh embryos transfer. This result could be 
explained by medium and technical improvements made by the company in the cryopreservation 
technology, both of them are company’s privacy.  
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Although in vitro produced embryos (IVP) are widely used in research and for commercial purposes in 
Brazil and the world, these embryos are still inferior in quality compared to those produced in vivo. One 
of the factors that contributes to this is the greater accumulation of lipids, rendering such embryos more 
sensitive to cryopreservation. Techniques that can cause modifications in the oocyte so that they become 
blastocysts with greater capacity of cryopreservation are required by professionals who apply this 
biotechnology in the field. Previous studies have shown that cGMP signaling pathway may be involved in 
the lipid metabolism of cumulus-oocyte complexes (COCs). The synthesis of cGMP by activation of 
membrane (mGC) or soluble (sGC) guanylate cyclases. mGC, also called natriuretic peptide receptors 
(NPR1 and 2), are activated by natriuretic peptides (NPs), types A, B and C (NPPA, NPPB and NPPC). 
The objective of this study was to verify the influence of different concentrations of NPPB to stimulate 
the synthesis of cGMP by NPR1 (mGC), on the lipid content of in vitro matured bovine COCs. Pools of 
25 COCs were submitted to in vitro maturation (IVM) in TCM199 with 0.2 mM sodium pyruvate, 10 
μg/ml gentamicin, 0.5 μg/ml FSH, 10% fetal bovine serum (FBS) and NPPB (10-8, 10-7 and 10-6 M). 
Controls were cultured without NPPB. After 24 h IVM, the cumulus cells were removed and the denuded 
oocytes (DO) were fixed and permeabilized in 4% paraformaldehyde (PFD) + 0.5% Triton-X100 for 20 
minutes and stained with 10μg/ml Hoechst 33342 for 15 min and 1μg/ml Nile Red for 30 min. Then, 
stained DO were transferred to 13μl Pro Long between a glass slide and a coverslip and analyzed by 
epifluorescence microscopy to evaluate the nuclear maturation (emission 445-450nm and excitation 475-
490nm) and lipid content (emission 590nm and excitation 516-560nm). The images had their 
fluorescence intensities (FI) measured by ImageJ software. Data for the 4 replicates/group were tested for 
normality of results and homogeneity of variance and then submitted to statistical analysis by ANOVA 
followed by Tukey test (GraphPad Prism software) with a significance level of 5%. Nuclear maturation 
(MII) was not influenced by any of NPPB concentrations, ranging 82 to 87% MII for all groups (P>0.05). 
The groups treated with NPPB presented lower lipid content in relation to the control (0.64 FI/μm2, 
P<0.05), but did not differ among them (P>0.05). The treated groups presented 0.29, 0.28; and 0.34 
FI/μm2 for 10-8

, 10-7, and 10-6 M NPPB, respectively.  In conclusion, stimulation of cGMP synthesis by 
NPPB during in vitro maturation decreased lipid contents in bovine oocytes, showing the relationship of 
this pathway with lipid metabolism and the lowest concentration (10-8 M) was sufficient to cause such an 
effect without interfering with nuclear maturation. 



 Proceedings of the 32nd Annual Meeting of the Brazilian Embryo Technology Society (SBTE); Florianópolis, SC, 
Brazil, August 16th to 18th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.533, Jul./Sept. 2018  533 

A271 Support Biotechnologies: Cryopreservation and cryobiology, diagnosis through imaging, molecular biology 
and “omics” 
 

How does uterine hemodynamics respond to a short-time synchronization  
protocol in ewes? 

 
R.T. Beltrame1, N.N. Morais Junior2, J.V.P. Careta1, T.A.D. Lima2, A.P. Ribeiro2, R.L.D. Costa3 

 
1UNESC - Centro Universitário do Espírito Santo, Colatina, ES, Brasil; 2IFES Itapina - Instituto Federal do Espírito 

Santo, Colatina, ES, Brasil; 3IZ - Instituto de Zootecnia, Nova Odessa, SP, Brasil. 
 
 
Moment and side effects on estimates of uterine hemodynamics in ewes were investigated during a short-
time ovulation synchronization protocol. Twenty-eight Santa Inês ewes, were fed on Panicum maximum 
cv. Aruana grass and supplemented with concentrate 280g/ewe/day (soybean meal and ground corn, crude 
protein of 14.3%) were synchronized with a protocol vaginal device impregnated with 60 mg of 
medroxyprogesterone (MAP Progespon®, Intervet/Schering-Plough) and intramuscular (IM) injection of 
37,5 μg cloprostenol (Prolise®, Tecnopec, Brazil) on a random day of the estrous cycle, considered as day 
zero (D0). On day 6 (D6) of the protocol, in the morning, vaginal devices were removed and after 24 
h (D7), the ewes received 25 μg of lecirelin (GnRH analogue) (Gestran Plus®-Tecnopec). Doppler 
velocimetry of both uterine arteries was performed by transrectal ultrasonography on D0, D2, D4 and 
morning on D6 (every 48 h) and from D6 to D8 every 12 h (7:00 am and 7:00 pm). The same operator did 
all the ultrasound evaluations. We analyze the peak velocity of systole (PVS) (cm/s), end velocity of 
diastole (ED) (cm/s), time-averaged maximum and median velocity (TAMAX, TAMEAN cm/s), 
pulsatility index (PI), resistance index (RI), systolic/diastolic ratio (S/D), blood flow volume (BFV) 
(ml/min) and arterial diameter (AD) (mm). Statistical analyses were performed using the MIXED 
procedure of SAS software and significant difference was considered when P<0.05. Except for TAMAX 
and PVS, there were differences between the time of P4 insertion and the estimated time for ovulation 
(P<0.05). There were increases in ED (11.29 x 13.25 cm/s) and TAMEAN (7.93 x 9.87 cm/s) (P<0.05). 
The PI and RI were different when comparing the moment of insertion and withdrawal of progesterone 
device (PI: 2.53 - 1.54 and RI: 0.76 - 0.68) (P<0.05). The AD and BFV initially decreased and then 
increased in the estimates (minimum of 2.26 mm and 25.60 ml/min and maximum of 3.04 mm and 53.38 
ml/min, respectively) (P<0.05). The TAMAX tended to increase during the protocol (P = 0.11). The AD 
was higher on the left side (2.82 mm) while PS, ED, TAMAX, TAMEAN were higher on the right side. 
The situation that was analyzed in the study exhibits important contrasts regarding hormonal prevalence 
in the uterus, specifically the evidence of hemodynamics patterns associated with responds and results 
post-insemination. In the same way, if the reference values are established, discards can be performed 
based on hemodynamic abnormalities. 
Acknowledgements: Fundação de Amparo a Pesquisa e Inovação do Espírito Santo – FAPES. 
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Transplantation of ovarian tissue is a viable way to preserve and/or restore the fertility of women 
subjected to cancer treatment. Therefore, studies that evaluate the feasibility of grafting sites and their 
effects on function of ovarian tissue fragments are of great interest. Thus, the aim of this study was to 
evaluate the effects of intramuscular (IM) and subcutaneous (SC) sites on follicular morphology, class 
distribution, follicular density, and stromal cell density. Goat ovaries (n=10 pairs) were fragmented and 
randomly assigned to fresh control (processed immediately) or allograft groups, which were grafted for 7 
(SC7 and IM7) or 15 days (SC15 and IM15). As hosts for allografting, goats (n=10) with age between 24 
and 36 months were used. During the transplantation period, color Doppler sonographic parameters 
(number of pixels and perimeter of the perfusion areas adjacent to the graft) were recorded. After 7 or 15 
days, the grafts were recovered and histologically processed. All statistical analyses were conducted using 
Sigma Plot software version 11. Data are presented as mean±SEM and percentage. Statistical significance 
was defined as P<0.05, but P-values >0.05 and ≤0.1 indicate differences tending to significance. Doppler 
sonographic parameters (number of pixels and perimeter of perfusion areas) were positively correlated 
with the proportion of normal follicles and negatively associated with the percentage of primordial 
follicles (P≤0.1). A total of 8,164 preantral follicles were assessed in 16,392 histological sections 
evaluated. Data showed a decrease (P<0.05) of follicular density (number of preantral follicles/cm2) in all 
grafted groups (IM7, 2.9±0.2; SC7, 21.2±1.2; IM15, 0.05±0.01; SC15, 0.03±0.01) compared to the 
control (96.1±11.5). At Day 7, the SC site showed a higher follicular density in comparison with IM site. 
However, a reduction (P<0.05) of follicular density after 15 days was observed, regardless of 
transplantation site. The proportion of developing follicles increased (P<0.05) and the mean stromal cell 
density (number of cell/2500 µm2) decreased (P<0.05) in all grafted groups and were similar (P>0.05) 
between transplantation sites within the same period. A positive correlation (R2=0.10; r=0.32; P<0.01) of 
stromal cell density with the proportion of normal follicles was observed by linear regression analysis. 
Also, a negative association (r=−0.65; P<0.01) between stromal cell density and days post-transplantation 
was verified. In summary, both SC and IM sites promoted similar follicular growth after transplantation 
with a greater follicular density being maintained in the SC group at 7 days post-transplantation. 
Moreover, a close association between stromal cell density and maintenance of the follicular viability was 
observed and could be considered as a quality marker in ovarian fragments subjected to transplantation. 
Finally, Doppler sonographic may be used to monitoring the function of grafted ovarian tissues. 
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Introduction: Embryo selection is a major challenge in assisted reproduction techniques. Cumulus 
Oophorus cells (CCs) surround the oocyte and have great participation in gamete maturation and support 
processes. These cells are separated from the oocytes and routinely discarded in assisted reproduction 
laboratories, allowing intracitoplasmic sperm injection to generate embryos that are transferred to the 
maternal uterus. Knowing that CCs protect the oocyte from oxidative stress, our group analyzed the gene 
expression and activity of the enzyme glutathione peroxidase (GPx) in human CCs as a potential 
biomarker of oocyte quality and correlated the observed results with the implantation potential of the 
embryos. GPX4 mRNA encodes isoform 4 of GPx protein that acts preferably reducing lipid 
hydroperoxides and protects cells against membrane lipid peroxidation and cell death. During maturation 
from germinal vesicle to MII state, oocytes do not produce mRNAs and therefore depend directly of 
stored mRNAs and CCs mRNAs, which are transferred through GAP junctions. It is possible that oocytes 
protected by CCs with better defense mechanisms against oxidative stress during oocyte maturation 
present greater chances of becoming a good quality oocyte. Objectives: To analyze and identify possible 
correlations of GPX4 mRNA expression levels and GPx enzyme activity with oocyte quality and embryo 
potential.  Material and Methods: 74 CCs samples were analyzed for GPx enzyme activity. Of these, 14 
were analyzed for GPX4 isoform expression by the quantitative rt-PCR technique. Samples were divided 
accordingly to the result of the corresponding embryo transfer and the determination of b-HCG hormone 
levels in the patient's blood, indicating if the embryo implantation after transfer was successful. Data were 
analyzed by one-way ANOVA and regression models. Results: GPX4 was overexpressed in Positive 
pregnancy group (P=0.010541996), and this significance is independent of the clinical variables of each 
patient. On the other hand, activity levels of GPx enzyme were not significantly different between the two 
groups. For validation, this result needs to be tested in a larger cohort, analyzing individually collected 
CCs samples from patients submitted to single embryo transfer. Conclusion: CCs gene expression is a 
reflection of the follicular microenvironment which they are part of and that also contains the oocyte. 
However, mRNA expression levels do not necessarily reflect the corresponding protein levels, or even the 
activity of the enzyme in question. In this study, we observed that GPX4 gene expression level, but not 
the enzyme's activity, is a potential biomarker of oocyte quality. Our study revealed that GPX4 mRNA 
expression levels are related to embryo implantation potential, and therefore is a promising 
candidate to identify good quality oocytes independently of patient's clinical profile. 
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The aim of this study was to evaluate the association of single nucleotide polymorphisms (SNPs) in the 
paraoxonase 1 (PON1) promoter region with plasma PON1 activity, fertility, energy status, feed intake, 
occurrence of peripartum diseases and milk production of Holstein dairy cows. Eighty-four Holstein cows 
were used in this study. Cows were pre-synchronized with two injections of prostaglandin F2 alfa 
followed by timed AI after an Ovsynch program. The pregnancy was confirmed after rectal palpation and 
reproductive performance data was recorded until 210 DIM. Blood samples were collected weekly before 
calving, twice a week in the first two weeks of lactation and once a week thereafter for Beta-
hidroxybutyrate (BHBA), non-esterified fatty acids (NEFA) and plasma PON1 activity analysis. Daily 
dietary intake of each cow was measured from 40 days prepartum up to 60 days in milk (DIM) and 
clinical data and milk production were evaluated up to 60 DIM. DNA was extracted from the whole blood 
samples for the PCR reaction and a fragment of 828 bp from the PON1 gene promoter was sent for 
sequencing. Also, the SNP -221 genotyping was validated by amplification refractory mutation system 
(ARMS-PCR) and restriction fragment length polymorphism (RFLP) using theBslI enzyme. Analyses 
involving repeated measures over time (e.g., plasma PON1 activity, NEFA, BHBA, milk production) 
were compared by analysis of variance for repeated measures using the MIXED procedure of SAS 9.2 
(SAS Institute Inc., Cary, NC, USA). In addition, the average PON1 activity was calculated and along 
with the CCI and feed intake were evaluated using polynomial models for the linear or quadratic effects. 
Pregnancy rates were evaluated by Kaplan-Meier survival analysis. Seven SNPs were identified in the 
promoter region of the PON1 gene, located at positions -22, -105, -176, -221, -392, -611 and -676, 
considering 1 as the first nucleotide of PON1 gene first exon, and six of them were associated with 
plasma PON1 activity. The SNPs -221 and -392 were associated with the calving to conception interval 
(CCI, P<0.05), and the genotypes associated with higher serum PON1 activity were also associated with 
shorter CCI. There was no association of the SNPs on energy status, feed intake, diseases and milk 
production (P>0.05). It was possible to identify the three SNP-221 genotypes by ARMS-PCR and by 
digestion with the BslIenzyme. Therefore, the SNPs -105, -176, -221, -392, -611 and -676 were associated 
with serum PON1 activity. In conclusion, the genotypes associated with higher serum PON1 activity for 
the SNPs -221 and -392 were also associated with shorter CCI, which may serve as novel genetic markers 
for improved fertility in dairy cows. 
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Melatonin treatment and blastocoel collapse (BC) had been suggested as potential alternatives to enhance 
embryo development and viability after cryopreservation of bovine embryos. We investigated the effects 
of BC before vitrification of embryos produced in vitro in the presence of melatonin. The re-expansion 
rates after 2 and 24 hours, and hatching rates after 24, 48 and 72 hours from heating were evaluated in 
three treatments: 1- Control (embryos produced without melatonin and vitrified), 2- CIV+M (embryos 
cultured with 10-9M melatonin and vitrified), 3- CIV + M10-9 (removal of the blastocoel fluid from 
embryos cultured with 10-9M melatonin). Total number of cells, number of apoptotic cells and expression 
of genes related to cellular metabolism, oxidative stress, cell repair, placentation and implantation were 
evaluated in expanded blastocysts from all treatments. Independent of BC, melatonin supplementation 
during embryo culture at 10-9 M improved re-expansion rate (P <0.05). Hatching rate from BC in 
association with melatonin treatment at 24, 48 and 72 hours was higher than the others groups (P <0.05). 
Embryos from control group needed more than 24 h of culture for total re-expansion in relation to the 
groups supplemented with melatonin (P <0.05). The number of apoptotic cells was similar in the groups 
supplemented with melatonin, independent of blastocoel fluid removal (P> 0.05), but lower than those 
without melatonin. The BC procedure did not affect messenger RNA expression of genes related to 
cellular metabolism (SLC2A1, SLC2A3), oxidative stress (HSPB1, HSPA5, HSP1A1, SOD2), cell repair 
(MSH6), placentation (KRT8) and implantation (FOSL1) (P> 0.05). This research demonstrated a 
beneficial effect of melatonin supplementation at 10-9 M to the culture medium on embryo quality, but its 
association with BC was important to increase the hatching rate of vitrified and thawed bovine embryos. 
Financial support: Embrapa 01130600104.03.04. 
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Artificial insemination (AI) with fresh semen has been used in sheep breeding programmers around the 
world. In Morocco, this technique has been limited due to low lambing rates (ranging from 34 to 54%) 
while performed with exo-cervical AI. The present work aimed to study the effect of ewe ages, rams, rank 
of ejaculate (first vs. second) and extenders (Skim milk vs. Duragen) on fertility rates and litter size of 
Sardi Moroccan Sheep. One hundred ewes have been chosen in the same herd based on their age. Only 
ewes of 4-tooth (4T) having 18-24 months old (n = 50) and 6-tooth (6T) having 23-36 months old (n = 
50) were used. They were synchronized using sponges (20 mg cronolone, Pharmavet, Morocco) and 
PMSG at fixed dose (300 IU). Semen was collected from five rams (n = 9 ejaculates) using an artificial 
vagina and diluted with Skim milk (SM) (n = 6 ejaculates) or Duragen (n = 3 ejaculates) (DR) (claimed as 
long term extender, Magapor S.L., Zaragoza, Spain) and maintained at 15°C. The statistical analyses were 
performed using the software JMP SAS 11.0.0 (SAS Institute Inc., Cory, NC, USA). Fertility data was 
assessed by chi square analysis of contingency tables. The liter size was assessed by ANOVA followed 
by student t test. There was no effect (P > 0.05) of age on fertility (78.75% vs. 70.21%) nor on litter size 
(1.24. vs 1.15). When using semen with high characteristics (a concentration>2x109 spermatozoa/ml, 
mass motility>3 and individual motility>70) no difference on fertility rate (74.19% vs. 74.14%) and litter 
size (1.23 ± 0.09 vs. 1.21 ± 0.07) has been recorded (P > 0.05). In addition, the results revealed that 
fertility rates were higher with the first ejaculate (81.25%) compared to the second ejaculate (55.56%) in 
ewes inseminated with SM (P < 0.05). No difference was found between ejaculate regarding the litter size 
(P > 0.05). No difference on fertility rates was recorded comparing SM to DR (73.47 vs. 75%) (P > 0.05). 
The litter size was significantly higher in ewes inseminated with SM (1.26 ± 0.06) than DR (1.16 ± 0.85) 
SM (P < 0.05). In conclusion, the set of conditions gathered in the present study (4T and 6T as age of 
ewes, Skimmed milk, duragen) were proven to enhance fertility rate in Sardi Moroccan sheep. The study 
is in progress and the whole set will be tested on a large number of ewes from different herds. 
We thank the CNRST and the Ministry of high education in Morocco for supporting a part of this work 
(PPR15/47). The authors thank Pharmavet (Drs. Asri and El Ouazzani) of Morocco for providing the 
sponges and the PMSG and Magapor (Zaragoza, Spain) for providing Duragen. 
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The objective of this work was to transfer fresh charolais embryos to holstein dairy heifers for profitable 
beef production. This study describes embryo flushings from charolais heifers and fixed-time embryo 
transfer to holstein heifers. In this experiment, twelve clinically healthy charolais heifers, 14-16 months 
old, 500-600 kg body weight were used as donors and clinically healthy holstein heifers 14-16 months 
old, 350-400 kg body weight were used as recipients. In donors; estrous was synchronised with 5-day Co-
Synch + CIDR protocol. In 5-day Co-Synch-CIDR protocol, CIDR (1,38 gr progesteron, Zoetis, Turkey) 
device was inserted and GnRH (Acegon®, Gonadorelin acetate, Zoetis, Turkey) was administered on day 
0. Five days later CIDR was removed and PGF2α (Dinolytic®, dinoprost tromethamine, Zoetis, Turkey) 
was administered followed by GnRH administration 72 hours later without artificial insemination (AI). 
Ten days after the 2nd GnRH administration, superovulatory treatment was initiated. Superovulatory 
treatment consisted of eight FSH (Stimufol; Reprobiol, Soiron-Pepinster, Belgium) injections twice daily 
(12 hours apart) for four days with decreasing doses (as decribed by pharmaceutic company). During 
third day of superovulatory protocol, PGF2α was administered twice daily concurrent with FSH injections. 
Donors were artificially inseminated 12 and 24 hours after the last FSH injection. Conventional frozen 
charolais semen was used with proven fertility. Seven days after AI, uterus was flushed and embryos 
were recovered and graded according to the IETS standards. Donors were collected in 9 replicates of 2 to 
5 heifers. Embryo recovery rate was 35.7% (84/235) based on flushed embryos with respect to visible 
corpus luteum (CL) at flushing time. In total 84 embryos were recovered from 28 flushings. In average, 
three embryos were recovered per donor. Among collected embryos (n = 84), 27% (23/84); 21% (18/84); 
36% (31/84); 14% (12/84) were compact morula, early blastocyst, blastocyst, expanded blastocyst 
respectively. Recipient heifers were synchronised as describied for donors. Seven days later from the 2nd 
GnRH administration, fresh embryos transfered to recipient heifers as fixed-time embryo transfer 
program. Due to technical problems only 61 embryos were transferred. Among recipient heifers (n = 61), 
seven have recieved two embryos. Blood samples were collected 21 days after fixed-time embryo transfer 
program to determine pregnancies by PAG technique. In general, pregnancy rate was 24,6% (15/61). 
Pregnancy rate for recipient heifers transferred with double embryos was 14% (1/7). Although inadequate 
pregnancy rates were obtained following fixed-time embryo transfer program, it could be acceptable 
without the need of estrous detection in embryo transfer programs. 
This Project is supported by KOSGEB and Demiraslan Cooperation, Balikesir, Turkey. 
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Nobiletin is a polymethoxylated flavonoid isolated from citrus fruits exhibiting a wide biological effect in 
cell adhesion, cell migration, cell cycle regulation and inhibition of reactive oxygen species (ROS) 
production (Huang et al. Evid Based Complement Alternat Med. 2016); important factors for oocyte in 
vitro maturation (IVM). However, there is no information available on the effect of nobiletin in in vitro 
embryo production (IVP). The aim of this study was to evaluate the effect of nobiletin supplementation in 
IVM of bovine oocytes on nuclear and cytoplasmatic maturation and their developmental competence. 
Immature cumulus oocytes complexes (COCs) were aspirated from ovaries of slaughtered heifers. 
Selected COCs were in vitro matured in TCM-199+10% FCS and 10 ng/mL epidermal growth factor 
(Control) supplemented either with 10, 25, 50 and 100 µM of nobiletin (MedChemExpress, MCE, 
Sweden) (Nob10, Nob25, Nob50 and Nob100 respectively) or 0.01% dimethyl sulfoxide (DMSO), 
vehicle for nobiletin dilution. After 24 h of IVM at 5% CO2 in air at 38.5°C, a representative number of 
oocytes from each group were fixed and stained with Hoëscht-LCA-FITC or Hoëscht-MitoTracker 
DeepRed to evaluate nuclear and cytoplasmic maturation (n = 60/group/treatment). Also, 50 
oocytes/group were stained with CellROX Deep Red Reagent and CellTracker Fluorescent to measure 
oocyte metabolism in terms of ROS and glutathione (GSH) content. The remaining oocytes were 
fertilized (D0) and cultured in vitro to evaluate their developmental competence by cleavage rate (D2) 
and blastocyst yield (D7-8). Data from eight replicates were analyzed by one-way ANOVA. Significantly 
higher percentage of matured oocytes (P < 0.05) were observed in metaphase II when Nob25 (87 ± 0.6%) 
or Nob50 (89.3 ± 0.3%) were added to the IVM medium compared to Nob10 (72.9 ± 0.3%), Nob100 
(71.5 ± 0.8%), control (71.7 ± 0.7%) and DMSO (70.5 ± 0.5%) groups. Furthermore, Nob25 and Nob50 
showed higher rate of oocytes with peripheral migration of cortical granules (85.7 ± 0.3% and 89.9 ± 
2.2% respectively) and mitochondria (86.7 ± 0.6% and 88.9 ± 1.2% respectively) compared to the 
remaining groups (P < 0.05). In addition, the supplementation of Nob25 and Nob50 showed a significant 
reduction (P < 0.05) in the ROS (2.53 ± 0.8; 2.62 ± 1.2 a.u. respectively), and GSH (2.84 ± 0.4; 3.09 ± 0.1 
a.u. respectively) content in comparison with all other groups. Cleavage rate was significantly higher (P < 
0.05) for Nob25 (89.9 ± 0.3%) and Nob50 (91.3 ± 0.3%) compared to all other groups (Nob10: 75.6 ± 
0.3%; Nob100: 74.0 ± 0.6%; control: 74.2 ± 0.4%; and DMSO: 73.6 ± 0.4%). Similarly, cumulative 
blastocyst yield at D8 was significantly higher (P < 0.05) for Nob25 (32.1 ± 0.8%) and Nob50 (35.5 ± 
0.8%) compared to Nob10 (23.1 ± 0.7%), Nob100 (24.5 ± 0.9%), control (25.9 ± 0.4%) and DMSO (26.1 
± 0.6%) groups. In conclusion, supplementation of 25 µM or 50 µM of nobiletin to the IVM medium 
improves oocyte nuclear and cytoplasmic maturation, reduces oxidative stress and improve embryo 
development. 
YN Cajas is granted by SENESCYT-Ecuador. MINECO: AGL2015-70140-R. 
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The goats are economically important animals as a source of meat and milk especially in the Northeast of 
Brazil where most of the national herd is reared. The necessity of In vitro production of caprine embryo 
(IVP) increases due to the importance of genetic selection for high milk production and the importance of 
the goat as transgenic pattern. IVP results have not yet met neither the scientific objective nor the 
commercial one. The low IVP rates are mostly caused by the low efficiency of in vitro maturation (IVM). 
Objective: Verify three different IVM media for caprine oocytes; Materials and Methods: Groups of 
caprine oocytes that were aspirated from the ovaries of recently slaughtered goats were matured in vitro 
in three different media for 26 hours in a CO2 incubator (38.5Cº, 5% CO2, and Saturated humidity) as 
follows: T1 [Tissue culture medium 199 (TCM199) + LH (50µg/ml) + FSH (1µg/ml) + Pyruvate (0.2 
mM) + 10% FBS (Fetal Bovine Serum)], T2: [TCM 199 + EGF (Epidermal growth factor) (10ng/ml) + 
Cysteamine (1 mM/ml)], and T3 [TCM 199 + EGF (10 ng/ml) + Cysteamine (1 mM) + Cysteine (1 mM) 
+ Ascorbic Acid (1 mM)]; 64, 62, and 64 oocytes were matured in T1, T2, and T3 respectively. After the 
maturation, the oocytes of each group were denuded in 100 μl of PBS (phosphate saline buffering 
solution) and the first polar body was observed under a phase-contrast microscopy (*40); the oocytes that 
showed the first polar body were considered matured (Metaphase II oocytes); the results were analyzed 
with One Way ANOVA with P-Value = 0.05. Results: There was no significant difference in maturation 
rate (P > 0.05) among the groups (T1, T2, and T3 were 35.9%, 48.38%, and 50%, respectively). 
Conclusion: The nuclear maturation rate was not affected by the different media with TCM 199 base. The 
presence of the exogenous hormones (FSH and LH) did not improve the nuclear maturation rate, as well 
as the addition of an antioxidant (Ascorbic Acid), and the precursor of glutathione (Cysteamine) did not 
improve the nuclear maturation rate of caprine oocytes too, however we can conclude that a simple in 
vitro maturation medium of caprine oocytes may be enough for the nuclear maturation of caprine oocytes, 
and the in vitro maturation of goat oocytes can be developed in the absence of a protein source in TCM-
199 medium. The maturation can be performed in a medium with absence of gonadotrophins, FSH and 
LH, reaching stages of nuclear maturation (Metaphase II) and finally; the maturation of goat oocytes can 
occur in the absence of antioxidants, but more researches have to be conducted to improve the nuclear 
maturation rate of caprine oocytes. Polar Body, Antioxidant, EGF. 
To the agronomic Institute of Pernambuco for the support to carry out this study. 
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High-yielding dairy cows fertility remains relatively low, with first service mean success rate between 35 
and 40%. In a previous study (Elis s. Animal Reproduction Science 164: 121-132, 2016), long chain n-3 
polyunsaturated fatty acids (n-3 PUFA LC) supplementation of the diet of dairy cows tended to decrease 
the non-fertilization – early embryo mortality rate after first service (n3 PUFA LC: 13.5% (n = 22) vs 
control 38.8% (n = 23), P = 0.09), suggesting a potential effect on oocyte quality. In this study, we 
evaluated the effects of n-3 PUFA supplementation on in vitro embryo production in dairy cows, after 
hormonal ovarian stimulation. 37 primiparous Holstein cows were supplemented with n-3 PUFA (n = 18, 
micro encapsulated fish oil, 1% DM, OMG750®, Kemin) or n-6 PUFA (n = 19, micro encapsulated soy 
oil, 1% DM, OMG Soy®, Kemin). Three ovum-pick up sessions were performed on cows every two 
weeks (5 groups of 6 to 9 cows), after 2, 5 or 7 weeks of supplemented diet (between 92.0 0 ± 2.4 and 
127.0 ± 2.4 day postpartum). Fatty acid composition in plasma was measured to assess the efficiency of 
the diet. Plasma anti mullerian hormone (AMH) assay was performed on the first day of diet 
supplementation to evaluate potential response of cows to hormonal ovarian stimulation. After follicular 
puncture, oocyte-cumulus complex (OCC) underwent in vitro maturation, fertilization (IVF) and 
development. Fertilization rate was determined 48 hours after IVF by counting cleaved embryos. Embryo 
development rate and embryo quality were determined 7 days after IVF by counting blastocysts. To 
compare n-3 and n-6 cows, multifactorial linear repression (quantitative parameters) or logistic regression 
(rates) models were used (fixed effects: diet, supplementation duration and interaction, cow as a random 
effect). Fatty acid composition showed a significant 1.62-fold increase in plasma EPA after 2 weeks of n-
3 supplementation (P < 0.0001) while the increase in plasma DHA became significant (1.46-fold, P < 
0.0001) only after 7 weeks diet. A total of 1462 follicles were punctured on n-3 cows (54 puncture 
sessions) and 1538 follicles on n-6 cows (57 puncture sessions). OCC recover rate was significantly 
increased in n-3 cows (41.6% vs 36.2% in n-6 cows, P = 0.0035). No significant difference was reported 
on cleavage rate (P = 0.1033) between n-3 cows (77%) and n-6 cows (85%). Nevertheless, blastocyst rate 
(relative to cleaved embryo) tended to increase (P = 0.0865) in n-3 cows (48.2%) compared to n-6 cows 
(38.7%). A significant increase in good quality blastocysts (grades 1 and 2, relative to cleaved embryo) 
was observed (P = 0.0217) in n-3 cows (42.7%) compared to n-6 cows (33.3%). The number of total 
blastocysts and of grade 1 and 2 blastocysts produced per OPU session was 2.87 ± 0.34 and 2.48 ± 0.31 in 
n-3 cows versus 2.28 ± 0.31 and 1.88 ± 0.28, respectively, in n-6 cows. These results suggest that n-3 
supplementation in the diet could improve embryo quality. 
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Transvaginal ultrasound needle-guided ovum pick-up (OPU) and IVP represent powerful tools to 
multiply selected females in a short period of time. Maximizing the quantity and quality of retrieved 
oocytes is key for obtaining the best embryo development and implantation rates. The aim of this study 
was to compare OPU yields and developmental competence of oocyte-cumulus complexes (COCs). 
Holstein (>5 year-old) pluriparous open dry cows (n = 25), handled under the same feeding and 
environmental conditions, were used for OPU as oocyte donors. Control and treatment groups were 
organized as follows: G1: no synchronization (Synch) (n = 5), G2: Synch with no superstimulation (SOV) 
(n = 5), G3: Synch with SOV (n = 5) and OPU 36 h after the last FSH injection, G4: Synch with SOV (n 
= 5) and OPU 48 h after the last FSH injection, and G5: Synch with SOV (n = 5) and OPU 72 h after the 
last FSH injection. G1 received saline solution intramuscularly (i.m.). Follicular waves in all groups were 
synchronized by GnRH, PGF, and CIDR followed by SOV treatments 48 h later. FSH injections (pFSH = 
180 mg, Folltropin, Bioniche) were performed i.m. twice a day, for three days. The OPU procedures were 
performed using an ultrasound device (Mindray DP-30 Vet) equipped with a micro-convex transducer 
5.0-8.5 MHz probe, disposable 20G needle and a flow rate of 15 mL/min. The 50 mL collection tube with 
aspiration media (PBS + BSA + heparin) was maintained at 36°C. Retrieved oocytes were classified 
according to IETS guidelines. Only viable COCs containing compact and complete cumulus cell layers 
were selected and matured. The IVP protocol followed Ferré et al., Reproduction, Fertility and 
Development 29, 132-132, 2017. On Days 3 and 7 cleaved zygotes and blastocysts, respectively, were 
evaluated according to IETS standards. Cows were arranged in a crossover design and data analyzed 
using ANOVA and logistic regression with α = 0.05. Fisher's LSD test with Bonferroni correction was 
used to determine treatment differences. Synch versus no Synch, respectively, resulted in significantly 
more follicles/OPU (12.88 ± 0.96 vs. 9.60 ± 0.96), oocytes/OPU (10.92 ± 0.80 vs. 7.72 ± 0.80) and 
embryos/OPU (2.24 ± 0.20 vs. 1.40 ± 0.20) but not for cleavage rate (65.39 ± 3.13% vs. 63.03 ± 3.76%) 
and embryo rate (24.14 ± 2.81% vs. 21.21 ± 3.18%). Synch combined with SOV showed: follicles/OPU 
(18.00 ± 0.96*, 19.44 ± 0.96* and 22.12 ± 0.9**), oocytes/OPU (15.24 ± 0.80*, 17.44 ± 0.80** and 14.32 
± 0.80*), cleavage rate (67.38 ± 2.60%*, 72.70 ± 2.25%** and 75.25 ± 2.48%***), embryo rate (26.46 ± 
2.45%*, 29.85 ± 2.31%** and 33.66 ± 2.71%***) and embryos/OPU (3.44 ± 0.20*, 4.68 ± 0.20** and 
4.08 ± 0.20***) for 36 h, 48 h and 72 h FSH coasting, respectively (different superscripts = P < 0.05). In 
conclusion, Synch and FSH stimulation prior to OPU in non-lactating Holstein cows increased the 
number of collected and viable oocytes, cleavage, and embryo development rates. More transferrable 
embryos were obtained using 48 h FSH SOV coasting which may justify the extra cost associated with a 
Synch protocol and FSH treatment. 
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Previous experiments using in vitro infection have shown that Coxiella burnetii has a strong tendency to 
adhere to the zona pellucida (ZP) of in vivo derived goat embryos, and the washing procedure 
recommended by the IETS for bovine embryos failed to remove it (Alsaleh et al., 2013). The aim of this 
study was, for in-vitro produced caprine embryos infected in-vitro, to (i) evaluate the ability of C. burnetii 
to adhere to intact zona pellucida, (ii) test the efficacy of IETS recommended rules for the washing of 
bovine embryos to eliminate C. burnetii, and (iii) determine by confocal microscopy the bacteria location. 
One hundred ZP-intact caprine embryos, produced in vitro, at the 8 to 16 cell stage, were randomly 
allocated into 11 batches of eight to nine embryos. Nine batches were incubated for 18 hours with 109 
Coxiella/ml of CbB1 strain (ISP, INRA Val de Loire). The embryos were then recovered and washed in 
batches in 10 successive baths following the IETS guidelines. In parallel, two batches of embryos were 
subjected to similar procedures but without exposure to C. burnetii to serve as the control group. One of 
the nine batches of infected embryos and one of the two non-infected control batches were used to 
perform immunolabeling to localize the bacteria. C. burnetii DNA was detected by C-PCR in all eight 
batches of infected embryos after 10 successive washings. However, bacterial DNA was not detected in 
the embryos of the control group. The first five washing media of the infected groups were consistently 
positive and Coxiella DNA was detected up to the 10th wash in two batches. After immunolabeling, the 
observation of embryos under confocal microscopy allowed to localize C. burnetti on the external part of 
the zona pellucida without deep penetration. The presence of C. burnetii was seen on the surface of the 
zona pellucida, with bacterial loads differing from one embryo to another in the same batch. This study 
clearly demonstrates that C. burnetii, after in vitro infection at 109 Coxiella/mL, stick strongly to the 
external part of the zona pellucida of in vitro produced early caprine embryos without profound 
penetration. The 10 washings protocol recommended by IETS to eliminate the pathogenic agents of 
bovine embryos is unable to eliminate these bacteria in caprine embryos. Nevertheless, the finding of C. 
burnetii DNA by C-PCR does not imply that the bacteria found are still infective. Further studies are 
required to investigate whether enzymatic and/or antibiotic treatment of caprine embryos infected by C. 
burnetii would eliminate or inactivate the bacteria from the zona pellucida of in vitro produced goat 
embryos. 
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It has been known that calves nutrition plan influence the onset of puberty and the age of first estrous in 
heifers. In AURIVA Holstein breeding Program heifers come from different farms (in different breeding 
conditions). They arrive at AURIVA station (Denguin South West, France) with the aim to start in vivo 
embryo production as early as possible to maximize gain genetic and minimize the costs. This 
retrospective study from 2010 to 2017 aimed to evaluate the impact of heifers weight at 12 months on age 
of first estrous, first in vivo embryo collection and number of viable embryos under breeding program. 
Holstein heifers animals (n = 174) were used to analyze these parameters under a breeding MOET 
program. Animals were grouped according to their weight at 12 months of age as Low (L; <320 kg; n = 
57), Normal (N; 320 to 370 kg; n = 81) or High (H; >370 kg; n = 36). Superovulation was induced by 
eight intramuscular injections of follicle-stimulating hormone (FSH), Folltropin (Bioniche Teo, Inverin, 
Co., Galway, Ireland) or Stimufol (Stimufol; Reprobiol, Liège, Belgium), at 12-hour intervals over 4 
days, involving decreasing doses, 500 IU (Folltropin) or 350 mg (Stimufol) on 9 to 12 days after the onset 
of standing estrus. Our unpublished data showed no difference in superovulatory response to these two 
FSH preparations. The donors were treated with 500μg of cloprostenol (PGF) with the 5th FSH treatment. 
First insemination was performed 12 hours after the onset of standing estrus. The donors were 
inseminated twice 12 hours apart with conventional semen. Embryo flushing was performed 7 days after 
AI. Recovered ova/embryos were evaluated according to the International Embryo Transfer Society 
classification system. Age of first estrous, first embryo flushing and number of viable embryos were 
analyzed by ANOVA test. First heat (days ± SD) was observed significantly earlier (P < 0.05) in H 
animals (391.2 ± 47.7) compared to L animals (417.5 ± 41.18), P < 0.05. Not differences were observed 
between H vs N (404.3 ± 42.17) or L vs N animals (P > 0.05). Moreover, age at first collection (days ± 
SD) was lower in H animals (424.7 ± 47.6) compared to L animals (451.5 ± 37.43), P < 0.05. Not 
differences were observed between H vs N (438.5 ± 42.21) or L vs N animals (P > 0.05). The average 
number of viable embryos collected during first flush was not different between L (5.4 ± 4.8), N (6.9 ± 
4.8) or H (5.3 ± 4.0) animals (P > 0.05). In conclusion this study confirms the importance of the nutrition 
of heifers before entering a MOET breeding program. Animals with a weight higher than 370 kg at 12 
months will start in vivo embryo production earlier than animals weighting less than 320 kg. Reduced 
time of heifers lodging represents an economic and genetic gain. 
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Oxidative stress has been identified as a major factor affecting embryo development in vitro. Melatonin is 
a well-known potent free radical scavenger and broad-spectrum antioxidant and could thus protect early 
embryos from oxidative damage. The goal of the current study was to evaluate the effects of melatonin on 
developmental competence and kinetics of bovine embryos derived from in vitro fertilization (IVF). A 
total of 1131 oocytes were collected by slicing of ovaries obtained from a local abattoir and were cultured 
in the presence or not of melatonin (MT) to two different concentrations [MT-10-9 (0.0002328 mg/mL) 
and MT-10-11 (0.000002328 mg/mL)] during maturation, fertilization, and in vitro culture). As melatonin 
is a lipophilic hormone, it has to be dissolved in ethanol, thus an ethanol (ETH) as a “sham” group and a 
standard control group (without any supplements) were included in the experimental setting for a total of 
four experimental groups (Control: N = 260, ETH: N = 304, MT-10-9: N = 277, and MT-10-11: N = 290). 
Final concentration of ethanol in ETH and MT groups was 0.01%. Variables evaluated included cleavage 
rate (CR) 72 hours post-insemination (72 hpi), blastocyst rate (BR) (186 hpi), and hatching rates (HR) 
(210 hpi). Additionally, the embryonic developmental kinetics were analyzed. Data were statistically 
analyzed using the SAS/STAT® software (SAS. version 9.3) with the logistic procedure (PROC 
LOGISTIC). Significant differences were defined as P < 0.05. A statistical tendency was considered at P 
= 0.08. There were no differences (P > 0.05) for CR in the control group when compared with the two 
melatonin concentrations. Ethanol supplementation reduced significantly (P < 0.05) CR in comparison 
with all other groups. The blastocyst rates for control, ETH, MT-10-9 and M-10-11 were 20.8 %, 23.4%, 
27.1%, and 25.5%, respectively. The addition of melatonin at the 10-9 concentration revealed a statistical 
tendency (P = 0.08) towards improved BR compared with the control group. Furthermore, the groups 
supplemented with ethanol and melatonin showed higher (P = 0.002) hatching rates than the control 
group. The hatching rates at 210 hpi (Day 9) for control, ETH, MT-10-9 and M-10-11 were 20.4 %, 52.1%, 
53.3%, and 50.0%, respectively. No differences (P > 0.05) were observed for HR in the ethanol and 
different melatonin concentrations. Supplementation with ethanol and/or melatonin accelerated embryo 
development kinetics. The percentage of blastocysts reaching the hatching stage at 186 hpi (Day 8) was 
lower (P < 0.05) in the control Group (14.8%), compared with ETH, MT-10-9 and MT-10-11 (36.6%, 
32.0%, and 33.8%), respectively. Likewise, the proportion of blastocysts which reached the advanced 
blastocyst stage (expanded and hatching) at 186 hpi was higher in MT-10-11 compared with the control 
group (68.98% vs 51.85%, respectively). In conclusion, the presence of melatonin and ethanol (0.01% 
v/v) during early embryo development in vitro affects the kinetics of embryo development and increased 
hatching of bovine oocytes fertilized in vitro. 
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The application of noninvasive sex determination methods of embryos is believed to be crucial in assisted 
reproduction procedures. The aim of this study was to detect cell-free genomic DNA (gDNA) in the 
embryo surrounding spent media for sex determination of individually cultured bovine embryos. For this, 
bovine ovaries were collected from slaughter house. Immature oocytes aspirated from follicles of 3-5 mm 
in diameter, were matured and fertilized in vitro. Embryos were cultured individually starting from eight-
cell stage until day 7 blastocyst in 10 µl drops of culture media under oil (SOFaa-medium). To verify the 
effect of different media on the release of cell-free DNA, individual embryos were cultured either in 
SOFaa supplemented with 5% exosome-free serum (SOF-EXO) media (n = 15) or SOFaa supplemented 
with 0.1% hyaluronic acid (SOF+HA) media (n = 9). Parthenogenetically activated oocytes and the 
corresponding embryos were cultured in SOF-EXO medium (n = 6) to be used as controls. Individual 
blastocysts and the corresponding spent media were collected at day 7. Cell-free DNA was isolated from 
each spent media using QIAamp®Circulating Nucleic Acid kit followed by whole genome amplification 
using REPLI-g single cell kit (Qiagen, Hilden, Germany). In parallel, extraction of DNA from individual 
blastocyst was performed using blastocyst Lysis buffer. Multiplex PCR amplification was done to detect 
sex related fragments in DNA samples from both individual blastocysts and amplified cell-free DNA 
recovered from corresponding spent media. For this, two different primers; bovine Y-chromosome 
specific primer and bovine autosomal centromere-specific were used for sex specific PCR amplification. 
DNA of female and male animal tissues was used as control. The results of the present study revealed 
that, cell-free DNA was detected in 53.3% of embryos cultured in SOF-EXO spent media. Of these, the 
sex of 87.5% of individually cultured blastocysts was accurately determined using the cell free DNA 
isolated from the corresponding spent media. Similarly, cell-free DNA was detected in 55.6 % when 
embryos were cultured individually in SOF+HA spent media. Among these, 60% of the sex 
determinations were in accordance between spent media analysis and determination using the blastocyst 
itself. Moreover, cell-free DNA was detected in 66.7% of culture media drops when harbouring 
individual parthenogenetic embryos. Noteworthy, sex determination using cell-free DNA in 
parthenogenetic embryos was achieved with an accuracy of 100%. Lack of any Y-chromosome specific 
DNA in these samples could therefore demonstrate absence of genetic pollution. Inaccurate sex 
determination in some samples could be due to lower amount of cell-free DNA. In conclusion, cell-free 
DNA released from embryos to their surrounding culture medium can potentially be used as a 
noninvasive sex determination method prior to embryo transfer in cattle. Further studies should be 
conducted to improve efficiencies with respect to DNA isolation and amplification in spent media. 
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The application of hCG before embryo transfer (ET) causes luteinization of a dominant follicle (Rizos, 
2012). Non-steroid anti-inflammatory drugs (NSAIDs) lower the pro-inflammatory action of 
prostaglandins during cervical manipulation (Scenna, 2005). Some authors, however, do not confirm this 
effect (Nogueira, 2004, Torres, 2013). It is possible that the administration of hCG increases the 
likelihood of pregnancy in embryo recipients. It should be higher in cows with both CL and the large 
ovarian follicle. The probability of pregnancy should also be higher in recipients receiving flunixin 
meglumine (FM) - especially with the prolonged passage time through the cervix (PT). Consequently the 
highest pregnancy rate should occur in recipients treated with a combination of FM and hCG. The aim of 
the study was to assess the probability of pregnancy in cows treated with FM, hCG or a combination of 
FM and hCG in relation to the PT and the presence of a large ovarian follicle. The conception results of 
952 recipients of embryos collected by in vivo delivery (IVD) were included in the analysis. Recipients 
(CL>15 mm) were selected on day 7 after heat on the base of the ultrasound examination. Each follicle 
with a diameter of > 5 mm was considered as a large. Follicle of this size is palpable during rectal 
examination. All embryos were transferred by one experienced veterinarian. The FM was administered 
intramuscularly (IM) in an amount of 500 mg (Flunimeg 50 ml Fluniksyna –Scanvet Poland Sp. z o.o.), 
while hCG - IM in an amount of 1500 IU. hCG (Chorulon, Intervet International) was administered 15-2 
min. before ET. In order to evaluate the factors determining cows’ fertilization the logit model was 
estimated with the use of maximum likelihood estimation method and STATA software. The average 
time of passage through the cervix to the embryo deposition site was 70.1s and it had no significant 
impact on the probability of conception (P < 0.09). The average conception rate was 60.7%. In particular 
groups the conception rate was 61.3%, 63.4%, 58.5% and 58.3%, respectively, in FM, hCG, FM/hCG and 
control groups. There was no significant effect of FM administration (P < 0.35), hCG (P < 0.32) or the 
combination of both FM/hCG on the conception results in embryo recipients. The presence of a large 
follicle did not affect the conception rate (P < 0.23). The different PT did not impact the results of the 
hormonal application (odds ratio P < 0.08). The presence of a large follicle did not significantly change 
the treatment effects of used hormonal solutions (P < 0.45). Administration of hCG, FM and a 
combination of both FM and hCG did not affect the probability of pregnancy of embryo recipients. 
Likewise, the results of conception were not improved by administering hCG to the recipients with a large 
ovarian follicle. FM application in females with prolonged passage time through the cervix does not 
affect the probability of pregnancy. 
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Development of the first follicular wave dominant follicle on the ovary ipsilateral to the corpus luteum is 
associated with a decreased conception rate in dairy artificially inseminated cows (Miura, 2015). In 
embryo recipients that phenomenon has not been studied yet. Meanwhile, the position of the dominant 
follicle (DF) could be an additional criterion for the pre-transfer selection of embryo recipients. The aim 
of the study was to determine the effect of the DF placed ipsi- or contralateral to the ovary with CL on the 
conception rate. 967 recipients were examined in the study. Heats were synchronized with the use of 
prostaglandin (2xPG14). On the day of the transfer, the ultrasound examination of the ovaries was 
performed. Recipients with CL > 15 mm were qualified for the transfer. Additionally, the DF position and 
diameter were defined. Each follicle with a diameter > 5 mm was described as dominant. 682 fresh and 
287 frozen embryos were used in the study. Pregnancy was examined palpatively 2 months after embryo 
transfer. Statistical analysis was done with STAPA. A dominant follicle was observed in 928 (95.8%) 
recipients. The diameter of DFs was between 5 to 22 mm, with the average 10.1 mm. In 443 (47.7%) 
recipients, the DF was contralateral to the ovary with the CL, in 485 (52.3%) the DF was ipsilateral to the 
CL. In 39 (4.1%) recipients there was no dominant follicle. The percentage of pregnant recipients, in 
which embryos were introduced into the uteri horn on the same side as both CL and DF was 60,7% and it 
was lower (P > 0.05) than in recipients with embryos introduced into the uteri horn on the side of the 
ovary with the CL, and contralateral to the ovary with the DF (61.04%). If the CL was observed on the 
left ovary and the DF on the right one, 61.6% of recipients were pregnant, while if the CL was observed 
on the right ovary and the DF contralateral to it, the percentage of pregnant recipients was 59.5. If there 
was no DF on the ovaries, the conception rate was 55.5% (P > 0.05). Introducing embryos to the left horn 
(with the CL on the left ovary, no DF) resulted in 42.8% of pregnant recipients, while introducing them to 
the right horn (with the CL on the right ovary, no DF) ended with 59.1% of pregnancies. To conclude, the 
presence of the dominant follicle on the ovary ipsi- or contralateral to the ovary with the CL had no 
significant effect on the pregnancy probability. It seems that the DF location on the ovary in relation to 
the CL is an insufficient additional criterion for the selection of embryo recipients. 
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Reproductive fluids (RF), though being part of the natural environment of embryo development, are not 
yet included in current IVC media. It has been shown in bovine that inclusion of RF in embryo IVC 
produces blastocysts with higher quality (Hamdi, Rep Fert Dev. RD17286, 2017). In porcine, embryos 
produced with RF had gene expression and DNA methylation patterns closer to in vivo grown embryos 
(Cánovas, eLife. 6:e23670, 2017). However, it is still unknown if the transfer of these embryos to 
recipients can give rise to pregnancies, thus justifying the conduction of this experiment. IVM, IVF and 
IVC details were already described elsewhere (Hamdi, Rep Fert Dev. RD17286, 2017). In IVC two 
different culture groups were created, according to the supplementation: RF group (SOF-RF) - 
1,25%(v/v) NaturARTs BOF-EL (Embryocloud, Spain) from day 1 to 4 and 1,25%(v/v) BUF-ML from 
day 4 to 8 - and BSA group (SOF-BSA) - 3 mg mL-1 BSA from day 1 to 8. Vitrification and warming 
were performed using commercial media (Kitazato-Dibimed, Spain) with an open-system Cryotop, 
following manufacturer’s instructions. Vitrification took place on IVC day 7/8 with embryos on stage 6-7 
of development. Warming of embryos was performed less than 4h before transfers, loaded in straws and 
kept at 38,5ºC. Embryo transfers (ET) were made non-surgically to Holstein multiparous recipients either 
on day 6 or 7 after oestrus detection. Synchronization was made using Double-Ovsynch protocol. A total 
of 64 ET (n = 36, SOF-RF; and n = 28, SOF-BSA) were made in a 6 months period, from November 
2017 until March 2018. Pregnancies were detected by ultrasound 30 days post-ET. Data were analysed by 
t-test independent samples with P < 0,05 resulting in significant differences (data are means ± SEM). 
Pregnancy rate (P%) per group did not have a significant difference when comparing recipients of the 
same day. However, when comparing P% by recipient day there were significant differences: recipients 
on day 6 had 10,00 ± 5,57 P% (n = 30), while recipients on day 7 had 35,29 ± 8,32 P% (n = 34). Specific 
values for SOF-RF were 11,08 ± 10,1 and 36,8 ± 9,6; and for SOF-BSA were 7,77 ± 11,6 and 33,3 ± 
10,8, respectively. ET’s are routinely made to recipients on day 6 to 8 post-oestrus detection. Our data are 
consistent with other reports for P% of IVP embryos for day 7 recipients, but not for day 6. Additionally, 
the source of the oocytes is not OPU but rather slaughtered cows, which could decrease our blastocyst 
development and viability, despite it was maintained for day 7 recipients. In conclusion, the presence of 
RF in embryo IVC gave rise to pregnancies at a similar level than a control group. Day 6 recipients 
showed an adverse effect on pregnancy rates, regardless of the group. Further data (calves phenotypes 
mainly) are necessary to evaluate if the improvements reported at the blastocyst stage by including RF in 
bovine IVP are also evident after birth. Supported by European Union, Horizon 2020 Marie Sklodowska-
Curie Action REPBIOTECH675526; AGL2015-66341-R MINECO-FEDER; 20040/GERM/16 
Fundación Seneca. 
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Transcervical embryo recovery in Lacaune ewes superovulated with different doses of FSH 
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This study assessed the effect of different FSH dosages for superovulation and the feasibility of 
transcervical embryo recovery in Lacaune ewes. Ewes (n = 2 5) received 60 mg medroxiprogesterone 
acetate sponge (Progespon®, Syntex, Buenos Aires, Argentina) for nine days, 37.5 µg d-cloprostenol i.m. 
(Prolise®, Tecnopec, São Paulo, Brazil) 24 h before sponge removal and 50 µg gonadorelin (GnRH 
analogue, Gestran®, Tecnopec, São Paulo, Brazil) 24 h after sponge removal. Superovulatory treatments 
consisted of 100 mg (G100, n = 13) or 200 mg (G200, n = 12) of porcine FSH (Folltropin®-V; Bioniche 
Animal Health, Belleville, Canada), given i.m. (twice daily) for three consecutive days, in decreasing 
doses (25, 25, 15, 15, 10 and 10%), starting at 60 h before sponge removal. Ewes were checked for estrus 
twice daily and were naturally mated by fertile rams (4:1 ratio) while in estrus. Transrectal ovarian 
ultrasonography was performed at the 5th day after estrus, to count the number of corpora lutea (CL) with 
Doppler mode ultrasound (Mindray M5VET®, Shenzen, China – 8.0 MHz). All ewes received 37.5 µg d-
cloprostenol (Prolise®, Tecnopec, São Paulo, Brazil) and 1 mg estradiol benzoate (Sincrodiol®, OuroFino, 
Cravinhos, Brazil) i.m. 16 h before uterine flushing and 50 IU oxytocin (Ocitocina forte UCB®, São 
Paulo, Brazil) i.v. 20 min before uterine flushing. Embryo collection was performed at days 5 or 6 after 
estrus by transcervical technique (Fonseca et al., Theriogenology, 86:144-151, 2016) in all ewes that 
showed estrus and had more than 2 CL (n = 17). Qualitative data were analyzed by Fisher exact test. 
Quantitative data were analyzed by generalized linear models, using SAS® software (v 9.3, SAS Institute, 
Cary, USA). The percentage of ewes that showed estrus and the percentage of responding donors (> 2 
CL) did not differ (P > 0.05) between treatments: 77% (10/13) and 62% (8/13) for G100 and 100% 
(12/12) and 83% (10/12) G200, respectively. The number of CL was higher (P < 0.05) for G200 (10.5 ± 
1.5) than G100 (4.2 ± 1.5). Overall, cervical transposition and uterine flushing was possible in 100% 
(17/17) of ewes. The total time procedure was 32.3 ± 0.1 min for G100 and 27.7 ± 0.1 min for G200 (P > 
0.05).The number of recovered structures and viable embryos per ewe collected was higher (P < 0.05) for 
G200 (7.5 ± 0.1 and 6.2 ± 0.1) than G100 (0.4 ± 0.6 and 0.4 ± 0.6), respectively.The dose of 200 mg of 
FSH promoted greater superovulatory response and recovery of viable embryos by transcervical 
technique. Probably, the poor ovulatory response with 100 mg of FSH was also affected by the formation 
of luteinized unovulated follicles. The protocol for cervical relaxation was efficient to allow the 
transcervical embryo recovery of Lacaune ewes. 
Financial support: EMBRAPA (Project 02.08.02.005.00.04) and Fapemig (Project CVZ-PPM 00201-17). 
Authors also acknowledge Vicente Marin Munhoz of Cabanha Val di Fiemme. 
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Under physiologic conditions, different biofluids (follicular fluid (FF), oviductal fluid (OF), and secretion 
of cumulus-oocyte complex (COCs)) take part in the spermatozoa attraction previous to fertilization. 
Despite the progesterone (P4) being part of the composition of these biofluids, it’s also considered as the 
main chemoattractant (Blengini et al., Asian Journal of Andrology, 13, 769-773, 2011). However, there 
are other components not defined in these media that could attract spermatozoa more efficiently. Thus, 
the aim of this study was to study the ability of biofluids for sperm attraction and the effect on in vitro 
fertilization (IVF) parameters. Periovulatory OF, FF and conditioned medium (CM) were collected 
previously described by Soriano et al., 2017. In the present study, a chemotaxis system was designed 
using a Petri cell culture dishes (35 x 10 mm) with four wells separated by 3 mm (GN627170, Sigma). 
Six wells were filled with fresh spermatozoa (20x106/mL) from fertile boars (N = 6) that were capacitated 
for 45 min in 180 µL of the capacitation media (TALP), previously equilibrated for 3h at 38.5ºC and 5% 
CO2. The opposite wells (six) were filled with TALP (control group) and TALP supplemented with the 
different chemoattractants: FF, OF, CM, P4, and mixture of all chemoattractans (experimental groups). 
Afterwards, 3-4 mm long capillaries bridges were placed between the wells containing capacitated 
spermatozoa and the opposite ones for 20 min. After that, the capillaries were removed and 22 (per 
replicate) denuded in vitro maturated oocytes were deposited with spermatozoa previously adjusted to 
22x103 in each group (chemoattractans and control groups). The experimental groups were: 1) TALP 
(control), 2) FF (1%), 3) OF (1%), 4) CM (2%) 5) P4 (28.3 pM), and 6) FF, OF, CM, and P4: Σ. After 18 
h the oocytes were fixed and IVF parameters were evaluated in each experimental groups. All the data 
were analysed by ANOVA followed by Tukey post hoc to compare means and standard error (P < 0.05). 
A total of six replicates were carried out. Follicular fluid alone (FF) showed the highest values for ZP 
binding, penetration rate, spermatozoa/oocyte and pronuclear formation (P < 0.05). This preliminary 
study suggests that FF is the most important chemoattractant for porcine spermatozoa in in-vitro 
conditions. However, further experiment will be performed on the embryo development and quality. 
Supported by Fundación Séneca, Saavedra Fajardo (20020/SF/16). MINECO-FEDER (AGL 2015-66341-
R). 



 Proceedings of the 34rd Meeting of the Association of Embryo Transfer in Europe (AETE); Nantes, France, 
September 7th and 8th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.553, Jul./Sept. 2018 553 

A159E  Folliculogenesis, oogenesis, and superovulation 
 

Retrospective analysis of superstimulation with Folltropin®-V in Wagyu versus  
other beef breeds 

 
C.B. Steinhauser1, C.R. Looney1, J.F. Hasler2, P. Renaud3 

 
1OvaGenix, College Station, Texas, USA; 2Vetoquinol USA, Fort Worth, Texas, USA; 3Vetoquinol N-A Inc., 

Lavaltrie, Quebec, Canada. 
 
 
Key words: Wagyu, Folltropin®-V, superstimulation. 
 
The demand for Wagyu cattle, which originate from the Kobe region of Japan, is growing in many 
countries. Nevertheless, Wagyu remains an exotic breed in many places and questions persist in relation 
to the most efficacious superstimulation protocols. The data in this retrospective study were collected 
from 2012-2018 at the OvaGenix® (Texas) facilities. A total of 792 donors were collected while under 
direct care of OvaGenix® and were of the following Bos taurus and Bos indicus breeds: Angus (AN; n = 
120), Beefmaster (BM; n = 139), Brangus (BN; n = 207), Charolais (CH; n = 76), Hereford (HH; n = 45), 
Wagyu (KB; n = 99), and Red Brangus (RB; n = 106). The superstimulation protocol was the same for all 
donors and began with insertion of an Eazi-Breed™ CIDR® (Zoetis, Parsippany, USA) on Day 0. An 
injection (i.m., 100 mcg) of GnRH (Cystorelin®, Merial, Duluth, USA) was administered on Day 2, 
followed by 7 AM/PM injections (i.m.) of decreasing doses of pFSH (Folltropin®-V, Vetoquinol, Fort 
Worth, USA) on Days 4-7 and prostaglandin F2α (i.m., 500 mcg, Estrumate, Merck Animal Health, 
Madison, USA) in the AM of Days 6-7. After CIDR® retrieval on Day 7, GnRH was injected in the AM 
of Day 8 and donors were artificially inseminated with frozen/thawed semen the PM of Day 8 and AM of 
Day 9. Embryos were collected on Day 14 (Day 6 from GnRH). Data from the embryo collections was 
analyzed with an ANOVA and Tukey’s test to compare breed effect with P < 0.05 considered significant. 
The data indicate that KB donors produce numbers of total ova (number of ova produced by 
superstimulation) and viable embryos that are comparable to other breeds using the above defined 
superstimulation protocol. Indeed, KB donors produced more total ova than AN (16.6 ± 1.1 versus 11.4 ± 
0.7) and more viable embryos per collection than AN and CH (9.1 ± 0.7, 4.1 ± 0.4, 5.6 ± 0.6, 
respectively). The BM, BN, RB, and HH donors produced similar numbers of total ova and viable 
embryos when compared to KB donors. Wagyu donors were also similar to other breeds for the 
percentage of donors with no ovarian response (5.0%) and donors with no viable embryos (9.0%). It is 
acknowledged that virtually every other beef and dairy breed responds well to Folltropin®-V and these 
data indicate that KB donors can also be effectively superstimulated with Folltropin®-V using a similar 
protocol to other beef breeds. Moreover, these data are similar to mean viable embryo numbers that are 
audited and published yearly by various national and international embryo transfer associations. 
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The cell-cell interaction can be mediated by the interface of a protein-protein. "ADAM is a 
transmembrane protein that contains a disintegrin and metalloprotease domain and, therefore, potentially 
has cell adhesion and protease activities" (Primakoff & Myles, Trends Genet., 2000, 16 (2): 83 -7). Avian 
sperm storage tubes (SST) are uterine-vaginal junction (UVJ) epithelial structures that can store 
spermatozoa (spz) through an interaction mechanism that is not yet clearly understood. This study was 
devoted to investigating the presence or absence of ADAM proteins in chicken SST as a model of sperm-
epithelial cell adhesion and interaction. For in vitro tests, 3 hens per experiment (2 triplicate experiments, 
n = 18 hens) were euthanized and the internal epithelium UVJ was collected, digested (1 μg / ml 
collagenase) and the SST fragments were isolated by Percoll gradient column. SST (100/well), sperm 
(25.104 sperm/well) cultures and co-culture SST + spz (25.104 sperm / 100 SST) were grown in DMEM 
199 medium supplemented with 10% BFS and gentamycin at 37°C, 5% CO2 atmosphere at 3 times: 0, 2 
and 24h. For in vivo tests, 3 other hens were inseminated with 200 x 106 spz (pool of 6 roosters) and 
euthanized 24 hours later, while 3 other non-inseminated were used as control. In all experiments, 
antibody anti-ADAM-1-CT rabbit peptide sequence was used: CSSPGSGGSVDSGP (C-terminal part, 
close to the transmembrane metalloprotease domain), as described by Fàbrega et al. (Reproductive 
Biology and Endocrinology, 2011, 9:96). UVJ were isolated and prepared for immunohistochemistry 
(IHC). The slides were incubated overnight at 4°C with the primary antibody and incubated for 30 min 
with the secondary antibody ImmPRESSTM HRP Anti-Rabbit/Mouse IgG (Vector) and revealed with 
peroxidase. Protein concentration was determined individually in the samples, and the pools were 
prepared with equal protein concentration of each sample. Ten μg of protein in Laemmli buffer (5v:1v) 
were loaded on SDS-10% PAGE, and then transferred to nitrocellulose filters. The membranes were 
incubated with anti-ADAM-1 antibody overnight in blocking solution (5% non-fat dry milk in TBST [10 
mM Tris, 150 mM NaCl, 0.1% Tween-20, pH 7.4]). The ADAM peptide exhibited sequence homology 
with Gallus gallus ADAM-12 and ADAM-33 (www.clustal.org/ multiple alignment program). ADAM 
was detected as a single 90 kDa band in SST samples and 3 bands (90, 45 and 40 KDa) in spz samples. 
Signals decreased in SST + spz co-culture in the cells and the respective supernatant, but a 90 kDa band 
was observed in the supernatant after 24h co-culture. Anti-ADAM IHC UVJ slides showed positive 
staining for spermatozoa located in the SST lumen and in small vesicles on apical SST cells. We can 
conclude that ADAM proteins are present in SST epithelial cells and can be released in the presence of 
spermatozoa, probably modulated by cell-cell interaction. 
Supported by Université François Rabelais de Tours and Région Centre, France. 
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In mammals, sperm-sugar interaction is involved in relevant biological processes such as the sperm 
binding to the zona pellucida (ZP) and the formation of the sperm oviductal reservoir. The aims of this 
study are the identification of sperm subpopulations based on their affinity for carbohydrates, the isolation 
of these sperm subpopulations and the characterization of their ZP binding properties. Ovalbumin (OVA) 
which has high-mannose type glycans and the Lewisa epitope (Lea), consisting of Galβ1-3[Fucα1-
4]GlcNAcβ, were tested. Heterospermic sperm samples from boars of proven fertility were coincubated 
with OVA-Alexa594 or Lea-FITC for 30 minutes in PBS with 1mM sodium pyruvate. Subpopulations 
separation was done in a Sony SH800Z flow cytometer with excitation lasers at 488 nm and 561 nm, 
sorting 3500-4000 cells/second. Sperm were collected in tubes containing 100µl of TEST- 2% egg yolk 
buffer to minimize oxidative damage. Sperm resuspended in capacitating TALP medium at a 
concentration of 105 sperm/ml were incubated with 50 intact isolated ZP (n = 3). Isolated ZP were 
obtained form porcine ovaries collected at a local slaughterhouse. Cumulus-oocyte complexes were taken 
from antral follicles and treated with hyaluronidase. ZP were isolated with very thin pipettes in PBS 
containing protease inhibitors. After 2 h of incubation at 37ºC and 5% CO2, samples were washed twice 
to detach weakly bound spermatozoa, fixed in PBS with glutaraldehyde 0.5% for 30 min and stained with 
Hoechst 33342. Spermatozoa bound to each ZP were evaluated with an Olympus IX70 fluorescence 
microscope. A Student’s test was used to compare between each pair of samples and differences were 
considered significant when P < 0.01. Percentages of spermatozoa from each subpopulation; Lea-, Lea+, 
OVA- and OVA+ were 77%, 18%, 82% and 14% respectively. A 4-5% of spermatozoa between each 
positive and negative subpopulation were discarded. The number of sperm bound to the ZP of the Lea-, 
Lea+, OVA- and OVA+ sperm subpopulations were 51.8 ± 22.5, 18.9 ± 8.8, 58.1 ± 32.3, 17.5 ± 6.8. Two 
different controls were perfomed. A total of 113.1 ± 32.4 spz/ZP and 38.2 ± 14.1 spz/ were observed for 
untreated ejaculated spermatozoa and sorted sperm not labelled. In both Lea and OVA, ZP binding was 
significantly higher in the negative sperm subpopulations compared to the positive ones. Lea+ 
subpopulation showed a high percentage of non viable spermatozoa (40 ± 10.6%, n = 4), as assessed with 
propidium iodide, which correlates to less sperm bound to the ZP, while Lea- viability was over 90%. Our 
results showed the existence of different sperm subpopulations with a different affinity for carbohydrates. 
These sperm subpopulations had dissimilar affinity for the ZP and could have a different fertilization 
ability. The biological significance of these sperm subpopulations will be analyzed in in vitro fertilization 
assays and binding to the oviductal epithelial cells. 
Supported by MINECO-FEDER (AGL2015-70159-P). 
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Cryopreservation of semen is a widely used technique, mainly to provide samples with certified origin 
and quality for use in artificial insemination (AI) in dairy cattle. After thawing, spermatozoa may require 
a period to recover their proper motility, which is a factor directly related with the semen quality. Our aim 
was to determine the effects of a short incubation on total and progressive motility after thawing bull 
semen. The samples were collected from 12 bulls at a commercial bull station (Viking Genetics, Skara, 
Sweden) and were extended in OptiXcell® (IMV Technologies, L´Aigle, France) to provide a sperm 
concentration of 69×106 spermatozoa/mL. All samples were frozen in 0.25 mL plastic straws and stored 
in liquid nitrogen. The straws were thawed at 37°C for 12 s and the semen content was split into four 
tubes and incubated at 38°C for 0, 5, 10 or 15 min. Sperm motility assessment was performed by 
computer assisted sperm analysis (CASA – SpermVision, Minitub GmbH, Tiefenbach, Germany), 
connected to a microscope (Olympus, Tokyo, Japan) with a heated stage (38°C). Aliquots of 5µL from 
the thawed sperm samples were placed on a warm glass slide with a coverslip. At least 1000 spermatozoa 
were analyzed in a total of eight fields using the software program (SpermVision) with settings adjusted 
for bull spermatozoa. Statistical analysis was performed with SAS (version 9.3), using the proc mixed 
procedure for linear mixed models. Scheffe's adjustment was used for multiple-post ANOVA 
comparisons. Results are presented as LSMeans ± standard error of means (SEM). An increased 
incubation time was associated with increased total motility (0 min 44.7 ± 4.45%; 5 min 47.0 ± 4.45%; 10 
min 49.0 ± 4.45; 15 min 56.9 ± 4.45) and progressive motility (0 min 41.5 ± 4.34%; 5 min 43.8 ± 4.34%; 
10 min 45.9 ± 4.34; 15 min 53.5 ± 4.34). Motilities were significantly greater after 15 min incubation in 
OptiXcell® than after 0 min (P < 0.05). In conclusion, total and progressive motilities may be increased 
by incubation before analysis, depending on the extender used. This effect should be remembered when 
comparing sperm handling treatments, or to avoid introducing bias when multiple samples are to be 
analysed. 
I Lima-Verde received a fellowship from Brazilian Council of Research (CNPq-Brazil, 204411/2014-9). 
The project was funded by a project grant from the Swedish Farmers´ Foundation (SLF; H13300339) 
awarded to JM Morrell. 
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The expression of cholecystokinin (CCK) gene has been demonstrated in the testis of several different 
species and CCK-like peptides have been found in spermatocytes and spermatids of the mouse, rat, and 
monkey (Persson, PNAS; 86: 6166, 1989). In a recent study, Zhou et al suggested its possible 
involvement in the regulation of protein tyrosine phosphorylation by modulation the uptake of HCO3- 
and demonstrated the presence of CCK receptors on sperm surface (Zhou, Reproduction; 150:257, 2015). 
In addition, our group has detected CCK in the porcine oviduct using microarray technology, real-time 
RT-PCR and immunohistochemical analyses (Acuña, Reprod Fertil Dev; 29: 2387, 2017). Therefore, the 
aim of this work was to analyse the effect of CCK on sperm motility. Spermatozoa from fertile boars 
(15x106/ml) were exposed to different CCK (Bachem, Bubendorf, Switzerland) concentrations according 
to the bibliography (25 μM and 50 μM) in a capacitating medium (TALP) for 1h at 38.5ºC. TALP 
medium had a bicarbonate concentration of 5 mM and the incubator was adjusted to 1% CO2 according 
to the Henderson-Hasselbalch equation. Moreover, a control group was incubated under the same 
conditions without CCK protein. Motion parameters (total motility (%) and progressive motility (%)) 
were determined using a CASA system (ISAS®, Proiser, Valencia, Spain) after of incubation period. For 
statistical analysis the mean measurements of CASA for each male (n = 5) were entered into the ANOVA 
model and compared by post hoc test (Tukey). Differences were considered statistically significant at P < 
0.05. The results showed that incubation with CCK increased the percentage of total sperm motility 
(Control: 53.8 ± 2.8%, 25 μM: 59.4 ± 2.1% and 50 μM: 65.4 ± 4.5%) with statistically significant 
differences between the three experimental groups. Moreover, an increase in the percentage of 
progressive sperm motility was observed (Control: 34.4 ± 3.9%, 25μM: 38.4 ± 4.8% and 50 μM: 43.2 ± 
5.0%) showing significant differences between the control and 50 μM CCK. In both cases the effect of 
the protein is dose-dependent. No statistical differences were found between the study groups for the rest 
of motion parameters. In conclusion, these data could suggest a possible implication of CCK protein in 
the improvement of the sperm motility in the oviduct before fertilization. More analyses are necessary for 
clarify the molecular mechanism of this protein. 
Supported by MINECO-FEDER (AGL2015-70159-P) and Fundación Séneca (19357/PI/14). 
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Several studies have identified important factors involved in the regulation of sperm capacitation, a 
physiological process necessary to achieve fertilization competence. These events are regulated through 
activation of the cyclic AMP (cAMP)/protein kinase A (PKA) pathway. On the other hand, porcine 
oviductal fluids (POF) decreases PKA activity of porcine sperm during capacitation; however, the 
molecular mechanism of this regulation remains unknown. The aim of this study was to evaluate if 
porcine periovulatory oviductal fluid (POF) regulates PKA activity during in vitro sperm capacitation in 
mice. POF was obtained from porcine oviducts (n = 40) close to ovulation and it was frozen at -80ºC 
before use. Sperm samples were obtained from mice cauda epididymides and incubated for 1 hour in: i) 
non-capacitation media, ii) capacitation media, iii) capacitation media supplemented with 1% POF, iv) 
capacitation media supplemented with 1% POF and 100 µM of 3-isobutyl-1-methylxanthine (IBMX), 
which inhibit adenosine 3',5'-cyclic monophosphate phosphodiesterase (cAMP PDE), v) capacitation 
media supplemented with 1% POF, and 1 mM dibutyryl-cAMP (db-cAMP), that mimics the action of 
endogenous c-AMP and vi) capacitation media supplemented with 1% POF, 100 µM of IBMX and 1 mM 
db-cAMP. The protein phosphorylation pattern on PKA substrates was evaluated by Western blotting 
(WB). Proteins were separated by electrophoresis on 8% SDS-polyacrylamide gels and electrotransferred 
to PVDF membranes. The latter were treated with the following antibodies: rabbit monoclonal antibody 
anti-phosphorylated protein kinase A substrates (1:10000) followed by goat anti-rabbit IgG-HRP 
(1:10000). After developing, the relative amount of signal was quantified by optical densitometry using 
ImageJ software. Data were analyzed by two-way ANOVA and Tukey post-hoc test (P < 0.05). Our 
results indicate that in the presence of POF, spermatozoa showed a lower PKA substrates phosphorylation 
pattern than those incubated in capacitation media alone (P < 0.05). The effect of the POF was reversed 
by the presence of db-cAMP and/or IBMX in the media. Besides, our results indicate that POF decreases 
the sAC/cAMP/PKA pathway during sperm capacitation and that this is not a specie-specific 
phenomenon. These effects were not observed under non-capacitating conditions. We identified one of 
the mechanisms by which POF regulates sperm capacitation. This finding would help to understand the 
oviductal physiology during gamete interaction and could explain some cases of idiopathic infertility. 
Further studies are required to evaluate whether FOP regulates PKA-related molecular pathways during 
sperm capacitation in other species such humans. 
MINECO-FEDER (AGL 2015-66341-R) and Programa “Salvador de Madariaga” (Ministerio de 
Educación Cultura y Deporte). 
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study 
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Techniques universally used to prepare bovine spermatozoa for in vitro fertilization (IVF) include the 
swim-up (SU) method and differential density gradient centrifugation, among others. Although it is clear 
that not all of them have comparable efficiency in selecting high quality sperm, the use of these 
techniques can be harmful for sperm quality. The aim of the present study was to detect the sub lethal 
changes in bull spermatozoa immediately post-thawing (PT) and after SU, namely the levels of apoptotic 
sperm cells, to assess if the sperm treatment before IVF induces apoptosis in bull spermatozoa. For such 
purpose, three semen straws per bull from six bulls were thawed by placing them in a water bath (37°C ) 
for 30 sec. Then, sperm apoptosis level was analyzed immediately PT and after the SU procedure using a 
flow cytometric method by detecting the phosphatidylserine translocation across the plasma membrane 
using a fluorescein-labeled Annexin-V and propidium iodide (PI). By using these two dyes, four different 
subpopulations of sperm were observed: a population of apoptotic sperm, a population of early necrotic 
sperma, a population of necrotic sperm and a population of fully viable sperm cells. The most consistent 
effect observed was a significant increase (P < 0.05) in the fraction of apoptotic sperm (Annexin-V +, PI-) 
after the SU treatment among the six bulls tested. The highest increase of apoptotic spermatozoa after SU 
was observed on bull four with an increase from 7.0% ± 0.9 to 59.2% ± 0.2, respectively after thawing 
and after SU. On average, including all bulls, apoptotic values raised from 11.8% ± 3.3 to 16.9% ± 6.5, 
respectively before and after SU, proving that the bulls presented different values in the activation of 
apoptosis during the SU process. In addition, the proportion of necrotic sperm (Annexin V-, PI+) was also 
significantly different among bulls. In particular, bull four, which had the lowest proportion of necrotic 
sperm, approximately 2% and 4% for PT and SU, respectively. The percentage of viable sperm (Annexin 
V-, PI-) was significantly different (P < 0.05) among bulls. Bull 5 had the highest (P < 0.05) proportion of 
viable sperm in the sperm samples immediately PT. Overall, PT treatment had no significant effect in the 
number of viable spermatozoa. The present study indicates that the SU technique can have an adverse 
effect on the spermatozoa membrane stability leading to different degrees of apoptosis in sperm during 
SU. Apoptotic markers found in ejaculated spermatozoa may represent an important tool for the study of 
male infertility, and combine with IVF, may be a valuable laboratory routine technique. 
Authors are partially supported by the project BEMP-ET, financed by the European Union and the 
Government of the Azores – Grant "ACORES-01-0145-FEDER-000026. 
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After mating or insemination, spermatozoa reach the oviduct where they bind to oviductal epithelial cells 
(OEC) for hours to days in the so called “functional sperm reservoir” before moving towards the 
fertilization site. During this storage, the interactions between spermatozoa and OEC are believed to play 
an important role in sperm selection and capacitation. Recently, after measuring progesterone (P4) 
concentrations in the post-ovulatory bovine tubal fluid (Lamy et al. Theriogenology 86:1409-1420, 2016) 
our group evidenced that P4(100 ng/mL) was able to trigger sperm release from bovine OEC (BOEC) in 
vitro, similar to what occurs in vivo, selecting a population of spermatozoa with a higher fertilizing 
competence (Lamy et al. Reproduction 154:497-508,2017). The aim of this study was to elucidate the 
underlying mechanisms of action. Frozen-thawed bovine spermatozoa (4x106/mL), after Percoll density 
gradient (45/90%), were incubated in vitro with confluent BOEC for 30 min (humidified atmosphere, 5% 
CO2, 38.8°C ). After collecting unbound spermatozoa (UnS), P4 was added to the sperm-BOEC culture 
for 1h. Then, released spermatozoa (P4-ReS) were collected. A group of spermatozoa was similarly 
manipulated without BOEC nor P4 (CTRL) and another was treated with P4 without BOEC (P4-CTRL). 
Proteomic and lipidomic profiles were assessed on Intact Cells by Matrix-Assisted Laser 
Desorption/Ionization Time-Of-Flight Mass Spectrometry (ICM-MS) for each group. The presence of 
Binder of Sperm Proteins (BSP)-1, -3 and -5, the most important proteins involved in sperm-BOEC 
binding, was studied by Western-Blotting. Fluorescence Recovery After Photobleaching (FRAP) analysis 
coupled with confocal microscopy were performed on P4-ReS and CTRL groups to evaluate the changes 
in membrane fluidity, event directly related to capacitation (n ≥ 3). In total, 139 m/z (mass/charge) peaks 
were found as differential m/z on spermatozoa proteomic profiles by ICM-MS. The number of differential 
peaks was highest between P4-ReS and CTRL (97), followed by P4-CTRL vs. CTRL (61), and UnS vs. 
CTRL (33). By contrast, only 37 peaks were found as differential m/z on lipidomic profiles, all of them 
from P4-ReS vs. CTRL (33) and UnS vs. CTRL (32) comparisons. A 3 to 4-fold decrease of BSP-1, -3 
and -5 was seen on P4-ReS compared to CTRL (P < 0.05), but not in UnS and P4-CTRL groups. Lastly, 
FRAP analysis showed a higher membrane fluidity on P4-ReS compared to CTRL (KW, P = 0.014). In 
conclusion, these results show that binding to BOEC and then P4-induced release from BOEC triggered 
major changes in sperm protein and lipid composition whereas P4 by itself had a moderate effect. The 
UnS displayed an intermediate level of changes in proteins and lipids, suggesting a “BOEC effect” that 
may be due to a short time binding-release process. A loss of BSPs at the surface and an increase in 
membrane fluidity were evidenced on P4-ReS, suggesting a membrane destabilization probably involved 
in the increase of fertilizing competence of this sub-population. 
MRS research was supported by MSC ITN REPBIOTECH675526. 
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In hens, spermatozoa are stored in the genital tract for long periods, and fertilized eggs are produced for 
up to 3 weeks after insemination. Storage mechanisms and oviducal environment impact on sperm are 
largely unknown. The aim of this study was to evaluate the effect of uterine fluid (UF) on semen using 
two different lines of hens that display a long (21 days, F+ line) or a short (10 days, F- line) period of 
sperm storage. UF from 3 hens of each line was collected 10h after oviposition and pooled. Fresh 
ejaculates (pool from 6 roosters) were used in both experiments. For the first one, spermatozoa were 
incubated in vitro in either PBS alone, PBS containing 25% or 50% UF, or in pure UF from both lines for 
5 min, 1, 2.5, 5 and 24h at 4°C (3 replicates). For the second experiment, UF from both lines were 
depleted from proteins >3kDa (d-UF) using Vivaspin 500. Spermatozoa were incubated in vitro in PBS, 
d-UF, and pure UF for 5 min, 1 and 2.5h at 4°C (3 replicates). Sperm motility was assessed using 
computerized method at 41°C (HTM-IVOS II). Metabolites contained in d-UF from both lines were 
quantified by NMR and sperm morphology was analyzed using Atomic Force Microscopy (AFM). 
Wilcoxon test was used to compare sperm motility at the different time point. ANOVA analysis was 
performed to compare sperm motility between the two chicken lines. Welch t-test was used to compare 
differential metabolites between the two chicken lines. We observed that pure UF and d-UF improve 
sperm motility compared to PBS (P < 0.05). Nevertheless the effect of d-UF was lower than pure UF. In 
both experiments, sperm motility was higher after incubation in UF or d-UF from F-line than F+ line (P < 
0.05). NMR analysis reveals that the concentrations of 5 metabolites were higher in d-UF from F+ than F- 
line (P < 0.05), including alanine, succinate, dimethylamide and N-acetyl groups. Moreover, AFM 
analysis clearly showed an alteration of head morphology of spermatozoa incubated with d-UF from the 
F- line. This study clearly demonstrates the major role of UF proteins >3kDa on the sperm motility. 
Nevertheless, the UF fraction (<3kDa) which mainly contains peptides and metabolites improves sperm 
motility and leads to ultrastructural modification of spermatozoa. Our findings demonstrate that the 
microenvironment and complexity is a key element during sperm storage. 
Supported by Université François Rabelais de Tours and Région Centre, France. 
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Liquid ram semen stored at 5oC would be more competent than frozen/thawed for sheep crossbreeding 
programs. The aim was to evaluate the kinetics and membrane integrity of Merino ram semen cold-stored 
up to 48h at 5ºC before and after density-gradient centrifugation (DGC) selection. Pools of 3 
normospermic Merino ram (2-7 years) ejaculates were collected by artificial vagina in fifteen sessions (45 
ejaculates), diluted to 200x106 spermatozoa/ml with skim milk-based extender contained 6% egg yolk 
and cold-stored up to 48h at 5ºC. Motile spermatozoa were separated by BoviPure DGC (Galarza et al., 
2018, Anim Reprod Sci 192: 261-270) using 250l of fresh (n = 30) and cold-stored semen (24h: n = 10 
and 48h: n = 10). The final pellet of 300l was used to assess semen quality. The kinetic parameters were 
evaluated by computer-assisted sperm analysis (CASA) while plasma, acrosomal and mitochondrial 
membrane status was analyzed by PI/FITC PNA/Mitotracker fluorescence. The effects of storage time 
(fresh, 24 & 48h) and sperm selection process were analysed by univariant ANOVA and Bonferroni´s test 
(P < 0.05). In terms of sperm storage time, CASA analysis of non-selected semen samples showed a 
significant decrease after storage for 24 and 48h compared to fresh samples with regard to progressive 
motility [SPM (%): 52.30 ± 4.1 and 36.9 ± 5.5 vs 71.3 ± 1.6], straight line velocity [VSL (m/sec): VSL 
132.2 ± 6.1 and 109.7 ± 6.3 vs 176.7 ± 4.3], linearity [LIN (%): 69.2 ± 3.5 and 59.0 ± 5.0 vs 82.0 ± 1.2], 
and straightness [STR (%): 75.7 ± 3.3 and 66.0 ± 4.3 vs 86.9 ± 0.9], respectively. However, analysis of 
DGC-selected semen showed a decrease only at storage for 48h when compared to 24h or fresh samples 
with regards to SPM (35.6 ± 3.9 vs 56.1 ± 6.91 and 59.3 ± 2.6), VSL (83.5 ± 4.4 vs 105.3 ± 6.5 and 110 ± 
2.0) and LIN (63.9 ± 3.4 vs 75.0 ± 3.7 and 80.7 ± 2.4), respectively. A comparison between DGC-
selected and non-selected samples showed a significant lower total motility [TM (%): 94.4 ± 0.8 vs 85.4 ± 
1.90], VSL (176.7 ± 4.2 vs 110.0 ± 2.0) and wobble [WOB (%): 94.2 ± 0.6 vs 88.5 ± 1.5] only for fresh 
semen. Fluorescence analysis evidenced a decrease only in 24h cold-stored non-selected compared with 
fresh semen with regard to plasma membrane integrity [PMI (%): 64.8 ± 2.9 vs 80.1 ± 1.7], high 
mitochondrial function [HMF (%): 88.2 ± 1.6 vs 93.9 ± 1.0] and total intact plasma/intact acrosome/high 
mitochondrial function [IPIAHM (%): 61.8 ± 3.1vs 78.7 ± 2.0]. In contrast, no differences were observed 
between fresh and cold-stored DGC-selected semen. A comparison between selected and non-selected 
semen showed a significant increase of PMI (64.8 ± 3.14 to 89.4 ± 2.32), HMF (88.2 ± 1.26 to 96.0 ± 
1.26) and IPIAHM (61.8 ± 3.14 to 87.6 ± 2.04) only for 24h. These results suggest that kinetic activity of 
cold-stored and DGC-selected ram spermatozoa is maintained and the selection process results in 
improved viability and membrane integrity. Therefore, liquid storage combined with DGC-selection 
might become a good alternative to fresh or frozen non-selected semen to be used for artificial 
insemination in sheep crossbreeding programs. 
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Oviduct extracellular vesicles (EVs) have been identified as important components of oviductal fluid 
(OF) and as key modulators of embryo-maternal communication. In an attempt to optimize porcine in 
vitro embryo production (IVP) outcomes by mimicking the maternal environment, we evaluated the effect 
of porcine oviduct EVs supplementation during in vitro culture (IVC) on porcine embryo development 
rate and quality. The effect of OF supplementation (10%) during IVC was also tested. Thus, five different 
treatments were used: Control (without supplementation); OF 0-2 (during the first 2 days of IVC); OF 0-7 
(during 7 days of IVC); EVs 0-2 and EVs 0-7. Porcine oviducts were collected at local abattoir and 
flushed with PBS (Sigma, Saint-Louis, USA). EVs were isolated by ultracentrifugation and stored at -
80°C until use (3 EVs/OF pools of 4 oviducts pairs each, from gilts at late follicular stage of estrous 
cycle). EVs protein concentration were measured (21.8-28.3 mg/mL) and diluted in IVC medium (NCSU-
23; 0.2 mg/mL). In vitro matured and fertilized presumptive zygotes were cultured under mineral oil, 5% 
CO2 and 38,8ºC, as detailed above (6 replicates) (Almiñana C., Theriogenology, 64, 1783–1796, 2005). 
Cleavage rates were evaluated at day 2 and blastocyst rates at days 5, 6 and 7 after fertilization. Embryo 
quality was assessed by hatching rates and number of cells/blastocyst at day 7. Data were analyzed by 
one-way ANOVA or Kruskall-Wallis test and expressed as mean ± SEM. EVs treatments (0-2 and 0-7) 
had a positive effect on cleavage rates being significantly higher than control (P < 0.05). Furthermore, 
EVs 0-2 treatment increased significantly cleavage rates compared to both OF treatments (0-2 and 0-7) (P 
< 0.05) (Cleavage rates: 44.4 ± 0.8; 46.4 ± 1.5; 45.7 ± 1.5; 52.1 ± 2.5; 51.1 ± 2.4; for Control, OF 0-2, OF 
0-7, EVs 0-2 and EVs 0-7). Similarly, EVs 0-2 improved blastocyst rates over time, being significantly 
different to both OF treatments at day 7 (P < 0.05). Moreover, EVs 0-2 showed a tendency to increase 
blastocyst rates on day 5, 6 and 7 of IVC compared to EVs 0-7 (P = 0.052-0.08) (Blastocyst rates on day 
5: 8.9 ± 0.8; 11.7 ± 2.6; 3.8 ± 0.4; 13.4 ± 2.7; 7.6 ± 2.2; on day 6: 16 ± 1.5; 15 ± 1.9; 9 ± 1.3; 23 ± 4.1; 16 
± 3.6 and on day 7: 21 ± 1.3; 19 ± 1.7; 10 ± 1.3; 29 ± 2.2; 20 ± 2.2; for Control, OF 0-2, OF 0-7, EVs 0-2 
and EVs 0-7). However, the use of OF 0-7 decreased dramatically the blastocyst rates on day 5, 6 and 7 of 
embryo development (P < 0.05). There were no differences on hatching rates for any of the treatments 
tested. However, EVs 0-2 and OF 0-2 treatments increased significantly the number of cells/blastocyst 
when compared to the same treatments during longer IVC times (38.8 ± 3.8; 44.3 ± 4.2; 32.8 ± 2.2; 43.2 ± 
3.1; 32.8 ± 1.4; for Control, OF 0-2, OF 0-7; EVs 0-2 and EVs 0-7). In conclusion, these results show that 
oviduct EVs supplementation during the first two days of development improves blastocyst yield and 
quality, suggesting that EVs could be a new strategy to improve porcine IVP. Supported by Ciências sem 
fronteiras fellowship n° 205593/2014-3 and INRA-CI-PHASE funds. 
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Steroid hormones are highly concentrated in the bovine oviductal fluid in the post-ovulatory period, 
during fertilization and early embryo development. The objective of this study was to evaluate the effect 
of progesterone (P4), estradiol (E2) and cortisol (CO) at physiological concentrations on bovine embryo 
development rates and quality in vitro. Bovine oocytes were collected in a local slaughterhouse, matured 
and fertilized in vitro. Presumptive zygotes were cultured during 8 days in 500 µl of synthetic oviductal 
fluid supplemented with 55 ng/mL P4, 120 pg/mL E2, 40 ng/ml CO or their combination (P4/E2/CO) at 
the same concentrations, i.e. mean concentrations previously measured by mass spectrometry (MS) in 
post-ovulatory oviductal fluids ipsilateral to the corpus luteum. Control embryos were cultured with 
vehicle (0.1% ethanol). Cleavage and blastocyst rates were recorded at Day 2 and Days 6-7-8 post-
insemination, respectively. At Days 7-8, blastocysts were evaluated for cell number after staining with 
Hoechst. Day-7 blastocysts were vitrified and evaluated for post-thawing survival for 72h (Live-Dead 
staining, confocal microscopy). Subgroups of fresh Day-7 blastocysts were individually evaluated for 
their lipid content by Intact Cell MALDI-TOF MS (ICM-MS) in positive ion and reflectron modes. The 
effect of hormonal treatments on embryo rates and cell number/MS data was evaluated by ANOVA and 
Kruskall Wallis tests, respectively. The effect on cryosurvival rates was evaluated by exact Fisher tests. 
Exposure to steroids did not affect the proportions of embryos that cleaved on Day 2 (78-81%) and 
developed to the blastocyst stage on Days 6, 7 and 8 (25-31%, 31-36% and 30-37%, respectively; 6 
replicates; n = 474 oocytes/group). The mean number of cells per blastocyst did not change between 
groups (97.8-118.2 cells, n = 10-24 embryos/group). However, P4 improved the rate of embryo survival 
at 24 h post-thawing compared with controls (95% vs. 65%, P = 0.04) while E2 improved embryo 
survival at 72 h post-thawing (55 vs. 20%, P = 0.02; n = 14-22 embryos/group). By ICM-MS, a total of 
323 m/z within the 400-1000 mass range, corresponding mostly to phosphocholines and sphingomyelins, 
were detected. Among them, 119 masses were differentially abundant between groups (P < 0.01; fold-
change >1.5 or <0.67; n = 11 embryos from 4 replicates/group). Exposure to P4/E2/CO induced the 
highest changes in embryo lipid composition, with 51 up-regulated and 30 down-regulated lipid species, 
followed by P4 (10 up- and 24 down-regulated), CO (6 up- and 27 down-regulated) and E2 (6 up- and 7 
down-regulated lipid species). In conclusion, the exposure of bovine embryos to physiological 
concentrations of steroid hormones did not affect in vitro developmental rates but improved blastocyst 
quality through increased cryotolerance and altered lipid composition, in particular cell membrane 
phospholipids. Further studies are required to identify the lipids potentially linked to a better embryo 
cryosurvival and underlying mechanisms. 
This project was supported by APIS-GENE. 



 Proceedings of the 34rd Meeting of the Association of Embryo Transfer in Europe (AETE); Nantes, France, 
September 7th and 8th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.565, Jul./Sept. 2018 565 

A219E  Embryology, developmental biology, and physiology of reproduction 
 

Lipidomic profiling of the bovine oviductal fluid across the estrous cycle 
 

C. Banliat1,4, D. Tomas3, A.P. Teixeira-Gomes2,3, S. Uzbekova1, V. Labas1,3, M. Saint-Dizier1 
 

1INRA, UMR INRA 85 Physiologie de la Reproduction et des Comportements, CNRS7247, Université de Tours, 
IFCE, Nouzilly, France; 2INRA, UMR INRA 1282 Infectiologie, Santé Publique, Université de Tours, Nouzilly, 

France; 3INRA, Plate-forme de Chirurgie et d’Imagerie pour la Recherche et l’Enseignement (CIRE), Pôle 
d’Analyse et d’Imagerie des Biomolécules (PAIB), CHRU de Tours, Université de Tours, Nouzilly, France; 

4Evolution XY, Noyal Sur Vilaine, France. 
 
 
Keywords: bovine oviductal fluid, tubal, lipids. 
 
Sperm capacitation, fertilization and early embryo development take place within the oviduct during the 
periovulatory period. Phospholipids (PL) are known to be taken up by the spermatozoa, influencing 
sperm capacitation. PL are also crucial for the embryo membrane fluidity, permeability and post-
cryoconservation survival. However, data on the nature of PL present in the oviductal fluid (OF) and their 
regulation across the estrous cycle are scarce. Matrix-assisted laser desorption/ionization time-of-flight 
mass spectrometry (MALDI-TOF MS) was used to monitor the abundance of phospholipids in the bovine 
OF according to the stage of the estrous cycle and the side relative to ovulation. Bovine oviducts were 
collected at a local slaughterhouse as previously described (Lamy et al, Theriogenology 86:1409, 2016) 
and classified into 4 stages according to the ovarian and corpus luteum morphologies (n = 19 cows/stage): 
post-ovulatory (Post-ov), mid luteal (Mid-lut), late luteal (Late-lut) and pre-ovulatory (Pre-ov) stages of 
the estrous cycle. Follicular fluid was also collected from the Pre-ov follicles: animals with intra-follicular 
progesterone >160 ng/ml (cystic follicles) were excluded. Oviductal fluids were collected from contra- 
and ipsilateral oviducts by squeezing and stored in liquid N before analysis. Lipid spectral profiles of 
individual OF (0.5 µL, 5 technical replicates) were acquired in the m/z range of 400-1100 in positive 
reflector mode using an UltraFleXtreme MALDI-TOF MS (Bruker). Differential analysis between stages 
and sides were performed by Kruskal-Wallis (followed by Bonferroni post-test for pairwise comparisons) 
and Wilcoxon tests, respectively, on normalized intensities using the R software. Peaks were considered 
to be differentially abundant between 2 stages or sides when the p-value was <0.05[MSD1] and the ratio 
of normalized intensities >1.5 or <0.67. Principal component analyses (PCA) and hierarchical clustering 
(HC) were performed on most differential peaks (P < 0.01) using R. Lipids profiles were obtained for all 
OF samples: a total of 209 molecular species were characterized, including phosphatidylcholines, 
phosphatidylethanolamines and sphingomyelines. No significant differences were identified between ipsi- 
and contralateral OF at a given stage. However, in ipsilateral OF, 57 differential peaks were identified 
between stages, of which 52, 37 and 22 for Pre-ov vs. Mid-lut, Pre-ov vs. Late-lut and Pre-ov vs Post-ov 
comparisons, respectively. The PCA and HC clearly discriminated the Pre-ov stage from the three others. 
In conclusion, a global lipidomic approach by MALDI-TOF profiling was applied to the OF for the first 
time. By this way, we demonstrated that PL in the bovine OF are highly regulated across the estrous 
cycle, in particular between Pre-ov and the lutal phase. The identification of the different PL species is 
ongoing. This work will provide new candidates potentially able to regulate sperm physiology and early 
embryo development. 
Supported by Evolution XY. 
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Progesterone (P4) production by cumulus cells rises with oocyte maturation. We have previously shown 
that exogenous P4 and prolactin (PRL) exert similar inhibitory effects on abnormal changes of M-II 
chromosomes in bovine oocytes during the second step of two-step IVM (Lebedeva et al., Reprod Domest 
Anim, 52(S3):53, 2017). The goal of this work was to examine the role of the endogenous P4-related 
pathway on destructive modifications of M-II chromosomes and implementation of the PRL effect. 
Bovine cumulus-enclosed oocytes (CEOs) were matured for 12 h in control medium (CM; TCM + 10% 
fetal calf serum) containing 10 μg/ml FSH and 10 μg/ml LH at 38.5°C and 5% CO2. The CEOs were 
further matured for 12 h in one of three IVM media: (1) CM, (2) CM containing 10 μM trilostane (TS, 
inhibitor of 3β-hydroxysteroid dehydrogenase), and (3) CM containing 1 μM mifepristone (MFP, 
antagonist of the genomic P4 receptor). The following additives to these three media were applied: no 
additives (Control), 50 ng/ml bovine PRL (Research Center for Endocrinology, Moscow, Russia), or 50 
ng/ml P4. A part of CEOs matured for 12 h in all three media was cultured for additional 24 h in CM to 
test long-term effects during aging. At the end of culture, the state of oocyte chromosomes was evaluated 
by the Tarkowski’s method. The content of P4 in culture media was determined by ELISA. Percentage 
data (n = 4-5, 81-106 oocytes per treatment) were arcsine transformed and analyzed by ANOVA. Except 
for PRL, all chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA). After 24 h maturation, 
the rate of M-II oocytes was similar in all groups (80.1-92.6%). In the medium 1, both P4 and PRL 
reduced (P < 0.05) the frequency of M-II chromosome abnormalities (decondensation, adherence, 
clumping) from 28.4 ± 2.0% (Control) to 16.8 ± 2.7 and 15.2 ± 1.7%, respectively. In the media 2 and 3, 
the rates of M-II oocytes with abnormal chromosomes increased in all groups (at least P < 0.05); 
however, these rates were 1.5 times lower in the PRL-treated groups than in the respective control groups. 
After aging of control groups, a higher incidence of chromosome abnormalities (P < 0.01) was observed 
in CEOs exposed to TS (79.0 ± 2.0%) than MFP (67.3 ± 1.0%) or in untreated CEOs (66.6 ± 0.9%). The 
addition of P4 to IVM media 1 and 2 led to a 1.2-fold reduction (P < 0.01) in the rate of aged oocytes 
with abnormal chromosomes, while PRL exerted a similar long-term action only in the medium 2. 
Meanwhile, TS decreased (P < 0.001) the content of P4 in IVM media both in the absence of exogenous 
P4 (27 to 28 times) and in its presence (4 times), whereas PRL and MFP had no effect. This content 
remained low in aging media for CEOs matured with TS, although it rose 5 to 11 times in other groups. 
Thus, during the second phase of IVM, endogenous P4 can exert short- and long-term inhibitory effects 
on abnormal changes of M-II chromosomes, acting via genomic receptors, but it is not involved in the 
effect of PRL. 
The study was supported by the Russian Science Foundation (project 16-16-10069). 
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The short-term use of chemical inhibitors of the cytoskeleton in oocytes is necessary for a range of 
micromanipulation events, including mitochondrial replacement therapy (MRT) and somatic cell nuclear 
transfer (SCNT). These advanced methods have been shown to be effective; however the full safety of 
such techniques has yet to be demonstrated comprehensively. To begin to address this knowledge gap, we 
have measured the impact of short-term cytoskeletal inhibitor treatment on embryo development and 
metabolism. Abattoir-derived bovine oocytes were matured and fertilized under standard conditions. At 
the early pronuclear (ePN) stage, after 9 hours co-incubation with motile sperm, presumptive zygotes 
were exposed to one of cytochalasin B, latrunculin A, or nocodazole for 15 minutes. Mitochondrial 
response to treatment was assessed in real-time, and metabolic activity was measured in resultant 
embryos at cleavage and blastocyst stage. At these stages, treated embryos were transferred into 4μl 
individual culture droplets for 24 hours. Spent media was analysed using enzyme-linked fluorometric 
assays to measure glucose, lactate and pyruvate depletion/appearance and HPLC to measure the turnover 
of 18 key amino acids. In total, 36 embryos were assessed per group (three treatment groups and one 
control group) across 3 independent replicates at each developmental stage (acute, cleavage and 
blastocyst). Significance was tested to the level of P < 0.05 using one-way ANOVA with Tukey’s post-
hoc. The presence of cytoskeletal inhibitors at the ePN stage did not have an immediate impact on 
mitochondrial activity using a real-time assessment of response. Moreover, embryo development rate to 
cleavage (78.6 ± 6.4, 72.3 ± 4.8 and 70.1 ± 6.9 compared to 73.9 ± 6.9 in Cyt B, Lat A, Nocod and 
control respectively) and blastocyst stages (37.7 ± 3.7, 30.5 ± 2.8 and 29.8 ± 2.0 compared to 33.3 ± 3.0) 
was unchanged. Oxygen, glucose and pyruvate consumption were not significantly altered at either 
cleavage or blastocyst stage, however showed higher variance in embryos derived from zygotes exposed 
to cytoskeletal inhibitors. Altered turnover of arginine, glutamine, lysine, threonine and tyrosine was 
observed in at least one treatment group at later stages of development, and changes in trend in overall 
amino acid turnover were noted. These data indicate that short-term cytoskeletal treatment does not 
induce an immediate metabolic response and does not cause gross changes to mitochondrial function in 
pre-implantation stage embryos. A 15 minute exposure at the ePN stage does, however, induce subtle 
alterations in amino acid metabolism at both cleavage and blastocyst stages, indicating a legacy-effect on 
treated embryos. These data are critical to consider as MRT moves into the clinic and is also of relevance 
to SCNT. Overall, these findings support the need for further research to understand the impact of using 
cytoskeletal inhibitors during early embryonic development. 
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Conventional freezing of in vitro produced bovine embryos has usually significant negative impact on 
subsequent embryo viability. Vitrification, on the other hand, does not allow direct embryo transfers. 
Since long distance shipment of fresh in vitro produced embryos is also not recommended without 
incubator-like shipment conditions, the aim of the present study was to evaluate the possibility to 
transport in vitro produced bovine embryos overnight as chilled aiming at direct embryo transfers on 
farms. Unless stated otherwise, all the chemicals were purchased from Sigma-Aldrich (St. Louis, MO, 
USA). Slaughterhouse-derived oocytes were matured in TCM199 with glutamax-I (Gibco™; Invitrogen 
Corporation, Paisley, UK) supplemented with 0.25 mM Na-pyruvate, 100 IU/ml penicillin, 100 μg/ml 
streptomycin, 2 ng/ml FSH (Puregon, Organon, Oss, Netherlands), 1 μg/ml β-estradiol (E-2257) and 10% 
heat inactivated FBS (Gibco™, New Zealand) at 38.5°C in maximal humidity in 5% CO2 in air. Zygotes 
were cultured in G1/G2 media (Vitrolife, Göteborg, Sweden) supplemented with FAFBSA (4 mg/ml) and 
L-carnitine (1.5 mM) at 38.5°C in maximal humidity in 5% O2, 5% CO2 and 90% N2. Transferable day-7 
embryos were packed in straws in Hepes-buffered TCM199 supplemented with FAFBSA (1 mg/ml). 
After 24-h storage at 5°C embryos were either cultured for 72 h in vitro (until hatching) or transferred (10 
embryos/recipient) into recipient heifers (until elongation). Following chilling, the in vitro hatching rates 
were lower for the morulae 18.2% (n = 22) than for the blastocyst stage embryos 68.5% (n = 89) (P < 
0.05, Fisher exact test). Four day-7 recipient heifers were subjected to three separate embryo transfers 
each (a total of 120 blastocysts). Following the 12 non-surgical embryo collections on day 14 intact 
elongated embryos were recovered in seven collections (58.3%) yielding on average 4 embryos per 
collection. The average length of the elongated conceptuses was 9.95 mm (range 0.5-60 mm). In 
conclusion, using the presented conditions, in vitro produced bovine blastocysts are able to start 
elongation phase in recipient heifers after 24-h chilling period. 
Business Finland (4294/31/2017) for financial support. 
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It is a proven fact that Interferon tau (IFNT) signals pregnancy recognition in ruminants. Apart from local 
actions on endometrium, it can reach systemic circulation and exert effects on various immune cells 
including neutrophils, thereby leading to immunomodulation via specific expression of interferon-
stimulated genes (Meyerholz et al., Reprod Domest Anim 51(1):175-7, 2016). Though some studies have 
been performed to analyze the in vivo dynamics of neutrophils during bovine peri-implantation period 
(Shirasuna et al., Reproduction 150:217-225, 2015), there is no data available on exclusive effects of 
IFNT on neutrophils which is the basis of our study. The genes selected for the study were interferon-
stimulated genes like Interferon-stimulated gene 15 (ISG15), 2'-5'-oligoadenylate synthetase 1 (OAS1), 
Interferon-induced GTP-binding protein MX1 and MX2, interferon-gamma-inducible protein 16 (IFI16), 
Interferon Induced Protein 44 (IFI44) along with other genes like Platelet-endothelial-cell adhesion 
molecule-1 (PECAM-1), L-selectin, Integrin alpha M and Progesterone-inducible molecule (PIBF) that 
determine many of the effector functions of neutrophils like motility, trafficking, phagocytosis etc. 
Healthy Sahiwal heifers (n = 10) aged 1.5-2 years were used for blood collection by jugular venipuncture 
[10 ml]. Neutrophils were isolated by established protocol [Manjari et al., Vet Immunol Immunopathol 
173:44–49, 2016]. Cells were incubated with recombinant bovine Interferon-tau (MyBioSource Inc., San 
Diego, California, USA) in three different concentrations [1, 5 or 10 ng/ml] for 3 hrs at 37°C. At the end 
of the treatment, cells were retrieved from the wells for RNA isolation and gene expression study using 
real time PCR using specific primers for selected genes [Manjari et al., Vet Immunol Immunopathol 
173:44–49, 2016; Biol Rhythms Res 49(2),329-333, 2018] and of CD31. The relative expression ratio of 
the target gene was calculated as per existing method (Livak and Thomas, Methods 25:402–408, 2001). 
All the data were analyzed by repeated measures one-way ANOVA for within group analysis followed by 
Fischer’s multiple comparison test using SAS software, version 9.1 (SAS Institute inc., CARY, NC, 
USA). It was observed in the study that at lower concentrations of IFNT, ISG15, IFI16, PIBF and L-
selectin were significantly up regulated, whereas at higher concentrations the same were significantly 
down regulated. Irrespective of concentration, MX genes, IFI44, and OAS1 were significantly up 
regulated and CD31, CD11b were significantly down regulated. The results show that at lower 
concentrations of IFNT, the neutrophil activity with respect to chemoattraction is stimulated whereas at 
higher concentrations the same is reduced. Hence, it can be concluded that IFNT exerts concentration 
dependent actions on neutrophil gene expression dynamics finely modulating its activity enabling the 
cells to exert temporal variation in their destined functions ultimately leading to successful implantation. 
This work was supported by the DBT, Government of India. 
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Bovine Interferon tau, a hormone of maternal recognition of pregnancy exerts both paracrine and 
endocrine effects on reproductive organs and also proven to have an effect on neutrophils (Shirasuna et 
al., Reproduction 150:217-225, 2015) which is partly understood till date. Though neutrophils are 
detrimental to the foreign invading antigen, they can also play a role in favoring implantation. Two gens 
that encode proteins important in the balance of inflammatory responses are IL-8 receptor (CXCR1) and 
Glucocorticoid receptor alpha (GRα) transcription factor. IL-8 binds CXCR1 and activates NF-κB 
associated proinflammatory pathways implantation whereas GRα can repress the activity of NF-κB 
thereby reducing inflammation. The differential roles of Interferon-tau [IFNT], Progesterone [P4] and 
Estradiol in triggering pro- and anti-inflammatory responses during peri-implantation period were 
assessed in cows. An ex vivo study was done by isolating neutrophils from the animals post artificial 
insemination (AI) at defined intervals (day 0, 4, 8, 12, 14, 16, 18, 21, 24, 30, 40) and analyzing the 
expression changes of GRα and CXCR1 genes. Isolation of neutrophils from the blood was performed as 
per the established protocol [Manjari et al., Vet Immunol Immunopathol 173:44–49, 2016]. An in vitro 
study was also done isolating neutrophils from prepubertal heifers and subjecting them to 
supplementation of IFNT (MyBioSource Inc., USA) [1, 5, 10 ng/ml], Progesterone and 17β-estradiol 
(Sigma Chemical Co., USA) at [10, 50, 100, 500, 1000 ng/ml], and [10, 50, 100, 500, 1000 ng/ml] 
respectively. Post supplementation, RNA was isolated from cells using Trizol method and was reverse 
transcribed to cDNA which was used for qPCR via LightCycler® 480 Instrument [Roche, Switzerland] 
using the SYBR Green kit [Thermo Scientific, USA] and specific primers for GRα, CXCR1, GAPDH, 
beta actin. Average values of the two housekeeping genes were used as reference for normalization of 
target gene for relative quantification. The relative expression ratio of the target gene was calculated as 
per established method (Livak and Thomas, Methods 25:402–408, 2001). Repeated measures one-way 
ANOVA was used for analysis of Data for within group analysis followed by Fischer’s multiple 
comparison test using SAS software 9.1 (SAS Institute inc., USA). We observed that from day 14 post 
AI, there is a significant up-regulation of neutrophil GRα and CXCR1 in pregnant and non-pregnant cows 
respectively. The in vitro study showed that IFNT significantly up-regulates GRα whereas P4 
significantly up-regulates CXCR1. Whereas estradiol significantly downregulates GRα but did not show 
any significant effects of CXCR1. The total leukocyte count and neutrophil count were also significantly 
higher in non-pregnant cows. We conclude that IFNT efficiently mediates neutrophil immunosuppression 
during peri-implantation period in cows by interacting with Interleukin 8 receptor and can also exert 
ligand independent actions on GRα. 
The work is funded by DBT, Govt.of India. 
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The majority of eukaryotic genes produce multiple transcriptional isoforms from the same locus. Thus, 
mRNA isoforms are molecules of different exon composition and length, which may code for different 
forms of the corresponding protein. They may be produced from different transcriptional starting sites, 
terminated at different polyadenylation sites, or as a consequence of alternative splicing (AS). As isoform 
changes may be masked by gene-level measurements, estimation of isoform expression provides a better 
resolution than gene expression to evaluate dynamic developmental processes. The genes that determine 
gonadal sex determination (GSD)in mice are known, but knowledge of the molecular pathways 
specifying GSD is still incomplete, in part because of these AS mechanisms. To identify differentially 
expressed isoforms (DEI), differentially expressed genes (DEG) and AS changes during GSD in mice, we 
performed a transcriptional analysis of RNA isoforms, genes and AS of XX and XY gonads during GSD 
at embryonic day 11 (E11) and early sex differentiation at day 12 (E12) using RNAseq. Two pairs of 
genital ridges (dissected from 2 different fetuses) were pooled per sample. Three samples were collected 
per sex. RNAseq libraries were prepared from male and female samples (n = 3 per sex) at E11 and E12. 
DEG was evaluated with DESeq and edgeR packages, and genes were considered differentially expressed 
when both tests returned a statistically significant result (cutoff: P < 0.01). Quantification of transcript 
abundance was performed with Salmon, and DEI analysis was carried out with edgeR package (cutoff: P 
< 0.01). AS events were evaluated with vast-tools software. Gene analysis identified 729 and 1691 DEGs 
between males and females at E11 and E12, respectively. Hundreds of these genes are related with GSD 
and early sex differentiation and could be good candidate genes for sex reversal; also, many of them 
appeared to be grouped in clusters on several chromosomes. Interestingly, increased expression at E11 in 
males was significantly enriched in RNA splicing and mRNA processing gene ontology (GO) terms. 
Isoforms analysis identified 705 and 1348 DEIs between males and females at E11 and E12, respectively. 
We found 14 genes at E11 and 19 genes at E12 with different isoforms expressed in males and females. 
Many DEI did not shown differences in the DEG analysis. In addition to the isoforms, 1167 differentially 
AS events were observed between females and males at E11. At E11 there was an enrichment in intron 
retention (IR) in females, and at E12 there was enrichment in IR and exon skipping in females. Eighty-
five genes exhibited expression of different AS events in both males and females at E11, and 184 at E12. 
Some of these AS genes are transcription factors that could play an important role in GSD, like Jarid2a 
Jumonji family member essential for AS sex determination in reptiles. Our data indicate that RNA 
isoforms expression and splicing regulatory mechanisms constitute a common feature among sex 
determination in distant phyla, including mammals. 
Funded by the European Union (675526-REP-BIOTECH–H2020-MSCA-ITN -2015). 
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Vitamin C is one of the antioxidants used in in vitro culture media for oocytes and embryos of animal 
species. It has been shown, that vitamin C has antioxidant properties and reduces the level of reactive 
oxygen species (ROS), which cause damage to structures in oocytes and embryos. The aim of the study 
was to determine the effect of vitamin C on developmental competences and the quality of pig embryos 
obtained after IVF and IVC. IVF embryos were obtained from in vitro-matured and in vitro fertilized 
oocytes. The putative zygotes were cultured in the NCSU-23 medium with the addition of 20 µg/mL of 
vitamin C (exp. group) or without it (control), at 39oC and 5% CO2, 5% O2 and 90% N2 in the air up to 
the blastocyst stage. The IVF derived blastocysts from the exp. (n = 11) and control (n = 7) groups were 
subjected to TUNEL assay according to the manufacture protocol (TUNEL reagent In Situ Cell Detection 
Kit, Roche Diagnostic, Germany). The analysis was carried out under an epifluorescence microscope 
using filters: 520 nm (TUNEL) and 358-461 nm (DAPI). Statistical analysis was performed using the t-
test and chi-square test. It was observed that the rate of embryos cleavage was slightly higher in the 
control group than in the exp. group (22.0% and 17.5%, respectively, no statistical differences). 
Simultaneously, the percentage of blastocysts was significantly higher in the exp. group than in the 
control group (51.3% and 16.7%, respectively P < 0.01). The largest percentage of blastocysts was 
obtained on day 6 of IVC supplementing with vitamin C (54.5%), while in the control group on day 7 
(57.1%). It was observed also that the mean number of cell nuclei was slightly higher (41.4 ± 7.7) and the 
mean number of apoptotic nuclei was slightly lower (1.3 ± 1.2) in embryos cultured in the presence of 
vitamin C compared to embryos from the control group (37.0 ± 6.7 and 1.9 ± 1.8, respectively), but no 
differences were observed. The TUNEL index was 3.1% for the exp. group and 5.0% for the control 
group. The study showed that in vitro culture in the presence of vitamin C may improve production of pig 
blastocysts and has possibly no significant effect on their quality. It should be noted, these are preliminary 
results and it is planned to continue research on a larger number of pig embryos. 
Supported by Fund of Own Research of IZ PIB no. 04-10-02-21 (2017-2018) and BIOSTRATEG no. 09-
7.13.5. 
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Avian uterine fluid (UF) has been demonstrated to prolong sperm survival, maintain the fertility potential 
of the fowl sperm, and impact the filling rate of sperm storage tubules from utero-vaginal junction (UVJ) 
(Ahammad et al., Journal of Poultry Science, 50, 74-82, 2013). Two lines of hens previously selected on 
hatched chicks were used, one exhibiting a long (F+, 14-16 days) and the other one a short (F-, 4-6 days) 
duration of fertile period (Beaumont et al., British Poultry Science, 33, 649-661, 1992), as a major 
consequence of a good or a poor sperm storage ability, respectively (Brillard et al., Journal of 
Reproduction and Fertility, 114, 111-117, 1998). Therefore, UF analysis from F+ and F- hens represents a 
good approach to study molecules involved in UVJ sperm storage process. In this study, the comparison 
of UF metabolites from F+ (n = 5-7) and F- (n = 7-9) hens was investigated and quantified by high 
resolution proton nuclear magnetic resonance (1H-NMR). Moreover, the effect of sperm storage on UF 
metabolic composition was investigated 24 hours, 1 week, 2 weeks or 3 weeks after artificial 
insemination (n = 5-9/ times). 1H-NMR analysis was done on a Bruker DRX-500 spectrometer (Bruker 
SADIS, Wissembourg, France). Topspin 2.1 software and AMIX software package were used to process 
1H-NMR spectra prior to assign them using our in-house database and online databases, including HMDB 
(http://www.hmdb.ca) and the Chenomx NMR Suite 8.1 evualuation edition (Chenomx Inc, Edmonton, 
Canada). To identify discriminant metabolite between the two chicken lines and between the time-
condition after insemination, Orthogonal Projections Latent Structures Discriminant Analysis (OPLS-
DA) were performed using the SIMCA 13 software. Equality of means was tested using Welch’s t-test for 
each discriminant metabolite (P < 0.05). To identify the most significantly affected metabolic pathways, 
the discriminant metabolite signature of each chicken line was analyzed by metabolite set enrichment 
analysis, implemented in Metaboanalyst 3.0 (htpp://www.metaboanalyst.ca). Eleven discriminant 
metabolites between the two lines were identified by OPLS-DA in the UF. There was an over-
representation of inositol and galactose metabolism pathways in the UF of F- line (P < 0.01). On the other 
hand, metabolisms of steroid (P < 0.001), tryptophan (P < 0.01), arginine and proline (P < 0.05), as well 
as mitochondrial electon transport chain (P < 0.05), were over-represented in the UF of F+ line. While no 
metabolites were discriminant in F+ UF between before and after insemination, OPLS-DA revealed that 
ten metabolites were discriminant in F- UF. Among them, fumarate (P < 0.05) and myo-inositol (P < 
0.05) metabolites were more concentrated after insemination than before, whatever the duration after 
insemination. In contrast, dimethylamine was less concentrated after insemination than before (P < 0.05). 
Our results indicate that metabolic composition of uterine fluid is associated with avian sperm storage 
duration in female genital tract and is related to sperm storage capacity. 
Supported by Universite Francois Rabelais de Tours and Region Centre, France. 



 Proceedings of the 34rd Meeting of the Association of Embryo Transfer in Europe (AETE); Nantes, France, 
September 7th and 8th, 2018. Abstracts. 

 

574  Anim. Reprod., v.15, n.3, p.574, Jul./Sept. 2018 

A228E  Embryology, developmental biology, and physiology of reproduction 
 

Local embryo effect on the transcriptomic response of the oviductal epithelial cells results 
from in vivo and in vitro approaches 

 
B. Rodríguez-Alonso1,2, M. Hamdi2, J.M. Sánchez1, A. Gutierrez-Adan2, P. Lonergan1, D. Rizos2 

 
1University College Dublin, Dublin, Ireland; 2Instituto Nacional de Investigación y Tecnología Agraria y 

Alimentaria (INIA), Madrid, Spain. 
 
 
Keywords: bovine, oviduct-embryo interaction. 
 
Based on previous data, the presence of a single 8-cell embryo does not alter the transcriptome of the cells 
of the oviduct, although this apparent lack of response might be due to a local effect at the precise 
position of the embryo which is missed if the whole oviduct is studied. Thus, we aimed to study the local 
embryo effect on the transcriptomic response of the epithelial cells of the oviduct in vivo and in vitro. For 
the in vivo experiment, 15 cross-bred beef heifers were synchronized, artificially inseminated and 
slaughtered on Day 2.5 after estrus. The oviducts from each animal were isolated, trimmed free of tissue 
and divided between ampulla and isthmus. The ipsilateral isthmus was then divided into smaller sections 
(2 cm). Each section was sequentially flushed until the embryo was located (n = 4; three at 2-cell stage 
and one at 8-cell stage), opened and scraped longitudinally to obtain the epithelial cells. Cells were snap-
frozen in liquid nitrogen for gene expression analysis. The in vitro approach consisted of the co-culture of 
fifty in vitro produced embryos (2- to 4-cells) on a bovine oviductal epithelial cells (BOEC) monolayer. 
BOEC from the ampulla and isthmus of ipsilateral oviducts collected during the early luteal phase were 
mechanically harvested and separately cultured with TCM-199+10% FCS in 5% CO2 in air at 38.5°C for 
7 days until confluence. In vitro 2- to 4-cell embryos were produced in parallel. A day before co-culture, 
BOEC medium was replaced with SOF+5% FCS. The groups were: Ampullary BOEC co-cultured with 
(A+) and without (A -) embryos; isthmic BOEC with (I+) and without (I -) embryos. After 24h of co-
culture, BOEC were recovered from each group and snap frozen for gene expression analysis (5 
replicates). Ten transcripts previously reported to be differentially expressed between the isthmus of 
pregnant and cyclic heifers (Maillo et al. Biol Reprod. 2015. 92: 144) were analysed in BOEC recovered 
from both experiments: STK32A, SLC26A3, KERA, QRFPR, MCTP1, SOD3, PRELP, VAT1L, SOCS3, 
CCL20. Data were analysed using one-way ANOVA and t-test. The results from in vivo samples revealed 
that 6 out of 10 transcripts (STK32A, SLC26A3, QRFPR, MCTP1, SOCS3 and CCL20) were different 
between the segment where the embryo was collected and other locations within the ipsilateral oviduct 
which suggested the presence of an embryo site-specific signal. Comparison between the ipsilateral 
embryo site with the contralateral site revealed only one transcript different (VAT1L). Regarding the in 
vitro BOEC co-culture, 3 out of 10 genes (SLC26A3, KERA and QRFPR) were not expressed. For the 
remainder of the genes analysed, no differences were detected. In conclusion, under our experimental 
conditions, in vivo the embryo elicits site-specific signals in the oviduct, while in vitro evidence for these 
signals were not observed neither by the presence of the embryo, nor by the spatial differences of the 
bovine oviduct. 
EU, Horizon 2020 Marie Sklodowska-Curie Action, REPBIOTECH 675526; Spanish MINECO 
AGL2015-70140-R & AGL2015-66145-R. 
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The oviduct, or Fallopian tube, provides the environment for gamete activation, fertilisation and the early 
stages of embryo development. However, little is known of the composition of the oviduct fluid in health 
and disease. The aim of this study was to investigate the impact of a hyperglycaemic challenge on the 
physiology of oviduct epithelial cells and the composition of fluid that they create in vitro. We have used 
the bovine material as a model for determining the impact of metabolic diseases on human fertility. 
Primary bovine oviduct epithelial cells were cultured in DMEM-F12, at 39oC, 5%CO2 for 6 days. Cell 
identity was confirmed using confocal, optical and TEM microscopy. The cells were grown to confluence 
on a semi-permeable membrane. Barrier integrity was confirmed by measuring TransEpithelial Electrical 
Resistance (TEER) and fluorescein transport assays. Once confluence was achieved, the apical medium 
was discarded and cells were cultured in an air:liquid interface. Once confluence was confirmed, 
physiological (7.3mM) and hyperglycaemic (mild:8.5mM, severe:11mM) concentrations of glucose were 
added together with or without 20ng/ml of insulin to the basal compartment for either 24h (Experiment 1; 
Acute) or 7 days (Experiment 2; Chronic). The nutrient composition of apical secretions was analysed by 
enzyme linked assays and high-performance liquid chromatography. RNA was extracted from the cells 
for quantitative real-time PCR analysis of key genes related to oviduct physiology (OVGP1, ERa) and 
glucose transport (INSR, SLC2A1, SLC2A3). Insulin-only and glucose-free controls were included. Data 
were analysed using Kruskal-Wallis test with Dunn’s post-hoc or two-way ANOVA where appropriate. 
Experiment 1 showed that an acute hyperglycaemic challenge in the basolateral compartment did not 
change the luminal concentrations of glucose, pyruvate or lactate, or the amino acid content of the cell 
secretions. By contrast, in experiment 2, 7-day basolateral exposure to hyperglycaemia in the absence of 
insulin reduced the volumes of oviduct-derived fluid (8.5mM+insulin and 11mM+insulin vs all 
treatments without insulin, P < 0.05), increased luminal concentrations of glucose (7.3mM+insulin and 
8.5mM+insulin vs 11mM-insulin, P < 0.05) and modified the secretion of alanine, glycine, glutamine and 
arginine. Gene expression was not significantly modified in any of the genes tested, associated with 
oviduct epithelial cell function or glucose transport. Using an in vitro oviduct model, we have shown that 
exposure to hyperglycaemia in the presence or absence of insulin enriched oviduct secretions for glucose 
and modified the amino acid composition. Furthermore, insulin reduced fluid flow across the oviduct 
monolayer. These data suggest that the periconceptual environment can be modified in hyperglycaemia; 
such modifications may affect gamete and embryo physiology. 
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Aging of mammalian mature oocytes attained the metaphase-II stage heavily reduces their quality and 
developmental capacity. Therefore, the knowledge of physiological factors modulating the speed of 
oocyte aging is of great importance for successful assisted reproductive technologies. The goal of the 
present research was to study effects of cumulus cells (CCs) and pituitary hormone, prolactin (PRL), on 
the dynamics of age-associated epigenetic changes during the prolonged culture of bovine oocytes in 
vitro. Bovine cumulus-enclosed oocytes (CEOs) were cultured for 20 h in the following maturation 
medium: TCM 199 containing 10% fetal calf serum, 10 μg mL–1 porcine FSH, and 5 μg mL–1 ovine LH. 
Unless otherwise stated, all chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA). After 
IVM, CEOs were transferred to the aging medium consisting of TCM-199 supplemented with 10% fetal 
calf serum and cultured for 0, 12 or 24 h, in the absence (Control) or presence of 50 ng mL–1 bovine PRL 
(Research Center for Endocrinology, Moscow, Russia). A portion of in vitro-matured oocytes were 
denuded of their CCs and cultured for 12 or 24 h in the control aging medium. At the end of maturation or 
prolonged culture, levels of acetylation of histone H4 at lysine 12 (acH4K12) and histone H3 at lysine 14 
(acH3K14) in M-II oocytes were determined by immunostaining with specific antibodies (polyclonal 
rabbit anti-histone H4 lysine 12 and monoclonal rabbit anti-histone H3 lysine 14, both from Abcam, 
Cambridge, MA, USA). The fluorescence signal was evaluated using ZEN 2 Pro software (Carl Zeiss, 
Oberkochen, Gemany) and assigned to one of four grades (intense, moderate, weak and absent). Also, 
before analysis oocytes were counterstained with DAPI to visualize chromosomes. The data from 4 
replicates (71-88 oocytes per treatment) were analyzed by ANOVA. In the control group of CEOs, a rise 
in the rate of oocytes with the intense fluorescence signal of acH4K12 occurred by 12 h of aging (64.1 ± 
2.5% (12 h) v.52.7 ± 1.6% (0 h); P < 0.01) and persisted up to 24 h (86.5 ± 2.5%; P < 0.001). At the same 
time level of acH3K14 in aged oocytes increased only between 0 and 12 h of the prolonged culture (from 
73.5 ± 1.8 to 92.0 ± 1; P < 0.001) and then this elevation ceased (93.5 ± 1.0 (24 h)). The addition of PRL 
to the aging medium or removal of CCs decreased levels of acH4K12 and acH3K14 in matured oocytes. 
In the PRL-treated groups, these effects were found after 24 h-aging, but in the groups of oocytes cultured 
in the absence of CCs, the rate of oocytes with the intense signal of acH4K12 and acH3K14 was lower 
than in the control group of CEOs throughout all culture periods (at least P < 0.05). Thus, elevated levels 
of H4K12 and H3K14 acetylation in matured oocytes during their prolonged culture suggest that these 
epigenetic changes may be caused by aging of ova. Furthermore, in bovine CEOs, CCs accelerate 
acH4K12 and acH3K14, whereas PRL decelerate these actions of CCs. 
The study was supported by FASO Russia and RFBR (project No. 17-29-08035) 
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Cumulus-derived progesterone (P4) is an important pro-survival factor, with its production significantly 
increasing during bovine oocyte transition from M-I to M-II stage. The aim of the present research was to 
compare effects of endogenous and exogenous P4 during the terminal step of in vitro maturation on 
apoptosis resistance of bovine oocytes and cumulus cells. Bovine cumulus-oocyte complexes (COCs) 
were matured for 12 h in TCM 199 containing 10% fetal calf serum (FCS), 10 μg/ml of porcine FSH, and 
10 μg/ml of ovine LH at 38.5°C and 5% CO2. Unless otherwise stated, all chemicals were purchased from 
Sigma-Aldrich (St. Louis, MO, USA). Then COCs were transferred to and matured for 12 h in the 
following systems: (1) TCM 199 containing 10% FCS, (2) TCM 199 containing 10% FCS and 10 μM 
trilostane (TS, inhibitor of 3β-hydroxysteroid dehydrogenase), and (3) TCM 199 containing 10% FCS 
and 1 μM mifepristone (MFP, antagonist of the genomic P4 receptor). All these systems were 
supplemented with either 0 (Control) or 50 ng/ml of P4. After 24 h IVM, a portion of COCs was cultured 
for 24 h in TCM 199 containing 10% FCS to induce aging. Following culture, oocyte apoptosis was 
detected using the TUNEL kit (Roche, Indianapolis, USA); nuclei were stained with DAPI. Cumulus 
expression of pro-apoptotic marker Bax was assessed by immunocytochemical staining using Bax 
antibodies (Bio-Rad, Hercules, CA, USA). All data (n = 5, 83-100 oocytes per treatment) were arcsine 
transformed and analyzed by ANOVA. After 24 h IVM in System 1, the rate of M-II oocytes with 
apoptotic signs was lower in the P4-treated group than in Control (9.4 ± 1.1 vs. 17.1 ± 2.5%, P < 0.05, 
respectively). However, P4 did not affect this rate in the presence of TS or MFP. In the control group in 
Systems 1, the addition of MFP to the IVM medium resulted in a 3.2-fold decrease (P < 0.05) in the 
original apoptosis rate. Both TS and MFP enhanced 1.2 to 1.4 times (P < 0.05) Bax expression in cumulus 
cells surrounding matured oocytes, whereas P4 did not change it. In System 1 following 24 h aging, 
maturation of CEOs in the presence of P4 led to a reduction from 52.0 ± 5.1% (Control) to 28.3 ± 2.7% 
(P4) (P < 0.05) in the rate of apoptotic oocytes. In its turn, MFP diminished 3.2 times (P < 0.001) the 
apoptosis rate in the control group and did not affect this rate in the P4-treated group. The expression of 
Bax in aged cumulus cells increased 1.2 to 1.6 times (P < 0.05), but was not related to the presence of TS, 
MFP, or P4 in IVM media. Our findings indicate that, during the terminal step of IVM, exogenous P4 
inhibits apoptotic processes in oocytes through non-genomic receptors only with the availability of 
cumulus-derived P4, whereas blocking of the genomic receptors, in itself, also leads to a decrease in 
oocyte apoptosis. At the same time the expression of pro-apoptotic Bax in cumulus cells is enhanced at 
inhibition of genomic P4 receptors and does not depend on exogenous P4. 
This research was supported by the Russian Science Foundation (project 16-16-10069) 
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Metabolic disorders like obesity are linked to subfertility. The upregulated lipolysis leads to elevated 
saturated (stearic; SA, palmitic; PA) and unsaturated (oleic; OA) fatty acids (FAs), both in serum and in 
follicular fluid. While their ratio determines the severity of lipotoxicity, exposure to these FAs has a 
detrimental impact on oocyte quality. Insulin-transferrin-selenium (ITS, as a mitogenic and antioxidative 
support) is used in in vitro culture medium to maximize blastocyst yields. We hypothesize that supportive 
culture media (containing e.g. ITS) can minimize cellular stress levels and rescue development and 
quality of embryos derived from metabolically-compromised oocytes. In this study, bovine oocytes were 
exposed to different ratios of PA, SA and OA; 1) pathophysiological concentrations: 150, 75 and 200 µM 
respectively (HI COMBI), 2) only high PA: 150, 28 and 21 µM respectively (HI PA), compared to 3) 
physiological basal concentrations: 23, 28 and 21 µM respectively as a control (BASAL). Presumptive 
zygotes were cultured in SOF medium with or without ITS. Cleavage rates were recorded 48h post 
insemination (p.i.) and blastocyst rates at day 7 (D7) and 8 (D8) p.i. (n = 905 oocytes, 3 repeats). D8 
blastocysts were evaluated for apoptotic cell indexes (n = 227) by caspase-3 immunostaining or snap 
frozen for mRNA expression of genes involved in ER unfolded protein responses (UPR) (Atf4, Atf6), 
oxidative stress (SOD2, GPx, CAT) and mitochondrial UPR (HSPE1, HSPD1) (n = 356). Categorical and 
numerical data were analysed using binary logistic regression and ANOVA, respectively, and were 
Bonferroni-corrected for multiple testing. In the absence of ITS during culture, HI PA exposure during 
maturation significantly reduced cleavage (64.2% vs. 78.3%) and D7 blastocyst rates (12.4% vs. 24.3%) 
and tended to reduce D8 blastocyst rates (22.0% vs. 32.5% P = 0.098) compared to BASAL. Maturation 
in HI COMBI had no effect on development. However, surviving blastocysts derived from HI PA- and HI 
COMBI-treated oocytes showed a significant increase in apoptosis. In the presence of ITS during culture, 
maturation in HI PA or HI COMBI had no significant effect on developmental competence whereas 
apoptosis was not alleviated by ITS. Within the HI PA group, ITS supplementation rescued embryo 
cleavage rate (by 15.1%, P < 0.05), proportion of ≥4-cell embryos (by 13.9%, P < 0.05) and tended to 
increase D7 blastocyst rate (by 8.2%, P = 0.076) compared to the HI PA-treated group cultured without 
ITS. In the absence of ITS during culture, HSPD1 expression of D8 blastocysts from PA-treated oocytes 
was significantly increased compared to BASAL-treated oocytes (P < 0.05), an effect that was normalised 
by ITS. Within the HI PA-treated group, ITS tended to decrease HSPD1 expression (P = 0.069). Other 
genes were not affected. We conclude that ITS supplementation during embryo culture enhances 
development and alleviates mitochondrial stress (at mRNA level) of embryos derived from metabolically 
compromised oocytes (HI PA). However, produced embryos still showed higher apoptosis, indicating 
inferior quality. 
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Metabolic stress conditions, characterized by elevated free fatty acid (NEFA) levels are associated with 
reduced fertility in mammals. Particulary saturated NEFAs have a negative impact on the developmental 
competence of the oocyte (Leroy et al., Reproduction; 130: 485-495, 2005), while mono-unsaturated 
NEFAs, present at relatively high levels in follicular fluid (Aardema et al., Biol Reprod; 88: 164, 2013), 
are able to protect against lipotoxic events induced by saturated NEFA (Aardema et al., Biol Reprod; 85: 
62-69, 2011). Cumulus cells protect the oocyte against lipotoxicity by Stearoyl-CoA desaturase I (SCD-I) 
activity that converts saturated stearic acid (SA) into mono-unsaturated oleic acid (OA) (Aardema et al., 
Biol Reprod; 96:982-992, 2017). The oocyte appears to mature in a ‘protected environment’, which may 
be in contrast to the metabolic condition in the oviduct. The current study investigates the impact of 
physiologic NEFA levels on embryos and whether oviduct epithelial cells (OECs) express SCD-I. 
Cumulus-oocyte-complexes (COCs) originating from 2-8 mm follicles of bovine slaughterhouse ovaries 
were collected, in vitro matured (day -1) and fertilized (day 0) according to our standard protocol 
(Aardema et al., Biol Reprod; 85: 62-69, 2011). From day 1 embryos were exposed to CONTROL, or to 
BASAL NEFA (100 µM OA + 80 µM palmitic acid (PA) + 70 µM SA; the 3 dominating NEFAs in 
follicular fluid) or HIGH NEFA levels (200 µM OA + 150 µM PA + 100 µM SA) during the complete 
embryo culture period. Fatty acids (10 mM; NEFA) were complexed to BSA (FA:BSA ratio of 5:1). At 
day 8 of culture, blastocyst rate was scored. OECs were collected from infundibulum, ampulla and 
isthmus, at the pre-and post-ovulatory, early-and late-luteal phase of the reproductive cycle for 
quantitative RT-PCR analysis. RNA was extracted and reverse transcription was performed on total RNA, 
SCD-I mRNA expression levels were normalized by the geometric mean of reference genes GAPDH and 
ACTB. Statistical analysis was performed with SPSS 24.0, by general linear model. Exposure to NEFA 
dring embryo culture resulted in a significantly reduced blastocyst rate versus the control condition at day 
8 of culture (19.7 ± 2.7%), for the BASAL NEFA (7.2 ± 4.5%, P = 0.021) and HIGH NEFA condition 
(3.7 ± 3.6%, P = 0.020; n = ~340 COCs, 3 runs per group). The SCD-I expression in the isthmus region 
was higher during the pre- versus the post-ovulatory and early-luteal phase (P < 0.05). Interestingly, SCD-
I mRNA was expressed in each region of the oviduct during all phases of the reproductive cycle. These 
data indicate that embryos are very prone to NEFA and are threatened by metabolic stress. In particular 
since total NEFA levels in oviductal fluid resemble the levels in blood (Jordaens et al., Reprod Biol; 
17:281-284, 2017). At this point, the NEFA composition in the oviduct is largely unknown. A major 
question, which is currently investigated, is whether the OECs that express SCD-I are capable of 
influencing the NEFA composition in the oviduct in the benefit of the embryo. 
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Maternal metabolic disorders are associated with elevated concentrations of free fatty acids (FFA) in 
serum, follicular- and oviductal fluid. Previous studies have shown that pathophysiological FFA 
concentrations, and in particular the saturated palmitic acid (PA), jeopardize bovine oocyte and embryo 
developmental competence in vitro. Moreover, gene expression and proteomic analysis of FFA exposed 
bovine oocytes point towards oxidative stress related pathways. As such, antioxidants may be a key factor 
in improving oocyte and embryo developmental competence. We investigated if the use of TROLOX, a 
water soluble vitamin E analogue and antioxidant, during IVM or IVC could enhance developmental 
competence of PA-exposed oocytes and embryos in vitro. Hereto, 1279 bovine oocytes were routinely 
matured, fertilized and cultured until day 8 in 2 different experiments (6 repeats each). In Exp.1, oocytes 
were exposed to pathophysiological follicular PA concentrations (150µM), after which the zygotes were 
cultured under solvent control (ethanol, PA-SC) or TROLOX (100µM, PA-TROLOX) conditions. In 
Exp.2, oocytes were matured under SC or TROLOX (100µM) conditions, then exposed to 
pathophysiological oviductal PA concentrations (230µM) during culture (SC-PA, TROLOX-PA). In each 
experiment a solvent control was included (SC-SC). Cleavage (48h post insemination, pi), blastocyst rates 
(D8 pi), the rates of D8 blastocysts/cleaved zygotes and the rates of D8 expanded and hatched 
blastocysts/total blastocysts were calculated. Developmental competence data were compared using a 
binary logistic regression model and Bonferroni post-hoc test (IBM SPSS Statistics 24). In Exp.1, 
cleavage of PA-SC (71%) was not significantly different from SC-SC (79%, P = 0.133). D8 blastocyst 
rates of PA-SC (22%) tended to be lower compared with SC-SC (32%; P = 0.064). Compared to PA-SC, 
we showed that TROLOX during IVC was not able to neutralize the PA insult during IVM (PA-
TROLOX, 23%; P > 0.100). The rates of total D8 blastocysts/cleaved zygotes and D8 expanded and 
hatched blastocysts/total blastocysts were not significantly different. In Exp.2, cleavage, D8 blastocyst 
rates and D8 blastocysts on total cleaved zygotes of SC-PA (59%, 9%, 14%, respectively) were 
significantly reduced compared with SC-SC (79%, 32%, 39%, respectively; P < 0.0001). Cleavage and 
D8 blastocysts/cleaved zygotes of TROLOX-PA (68% and 24%, respectively) tended to be improved 
compared with SC-PA (P < 0.1). Moreover, the addition of TROLOX during IVM could significantly 
increase D8 blastocyst rates (17%) of PA-exposed embryos (P = 0.022), but not to control levels (32%). 
TROLOX during IVM significantly improved blastocyst development into expanded and hatched 
blastocysts when embryos were exposed to PA (SC-PA, 49% vs. TROLOX-PA, 68%; P = 0.025) to levels 
similar to controls (SC-SC, 63%). In conclusion, the antioxidant TROLOX can protect oocytes from 
metabolic stress insults after fertilization, but metabolically compromised oocytes cannot be rescued by 
the addition of TROLOX during embryo culture. 
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We showed earlier that exposure to elevated non-esterified fatty acid (NEFA) concentrations during in 
vitro oocyte maturation (IVM) affects post-hatching development of day (D) 14 bovine embryos (Desmet 
et al., Anim. Reprod. 14,p947,2017). Lipotoxic conditions during IVM influence DNA methylation in the 
D7 embryo and may thus affect its transcriptome during later development. Therefore the aim was to 
analyse the transcriptome profile of D14 embryos to investigate which mechanisms mediate carryover 
effects of adverse maturation condition on post-hatching development. Bovine oocytes were matured for 
24h under 2 conditions: 1) basal physiological NEFA conditions (BAS; 28μM stearic acid (SA), 21μM 
oleic acid (OA), 23μM palmitic acid (PA)); and 2) high PA concentration (most predominant in follicular 
fluid during negative energy balance) (HPA; 150μM PA, 28µM SA, 21µM OA). After fertilization, 
zygotes were cultured in SOF with serum. 8 blastocysts (normal and expanded, equally distributed per 
treatment and per replicate) were transferred to healthy non-lactating Holstein Friesian cows at D7 (n = 8, 
5 replicates). Each cow was used once for each treatment in a cross-over design. After transcervical 
recovery, D14 concepti (n = 45) were dissected into embryonic disc (ED) and extra-embryonic tissue 
(EXT). ED (n = 11BAS/7PA) and EXT (n = 13BAS/8PA) were subjected to RNA sequencing (without 
RNA amplification). Differential expression was established in a DESeq2 model based on Negative 
Binomial distribution. Samples were divided by sample type for further analysis. A false discovery rate 
(FDR) of 10% was used as cut-off for differentially expressed genes (DEG) and P-values were 
Benjamini-Hochberg corrected. Ingenuity Pathway Analysis (IPA) and Gene Set Enrichment Analysis 
(GSEA) were performed. Recovery rate at D14 was not significantly different between treatments. Within 
ED and EXT datasets, only 14 and 0 DEGs were detected in HPA embryos compared to BAS embryos, 
respectively. However, when comparing concepti of similar morphological class (spherical/ovoid/tubular) 
and sex, higher numbers of DEGs could be detected (e.g. in ED dataset up to 6 times more DEGs). 
Overall, more DEGs were observed in ED compared to EXT at each morphological stage (except male 
tubular embryos). IPA and GSEA showed that affected pathways were related to cell growth and 
adhesion, metabolism, endoplasmic reticulum stress, mitochondrial respiratory chain complex and 
epigenetic mechanisms. To conclude, elevated PA exposure during IVM has carryover effects on the 
transcriptome profile of D14 concepti although only good quality D7 embryos with the same morphology 
have been transferred. D14 transcriptome patterns were dependant on morphology (elongation stage) and 
cell type (ED versus EXT) but common pathways affected were related to cellular development, 
metabolism and epigenetics. This suggests that metabolic stress during oocyte maturation may have long-
lasting effects on embryo development that may lead to reduced fertility in high-yielding dairy cows. 
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In Moroccan agriculture, sheep farming is extremely diversified but it is facing many constraints like the 
extensive mode of its management and the effects of climate change. The later makes food resources 
getting more scarced, thing that can affect the survival of the embryo and fetus development. In this 
context the cactus plant is currently gaining an interest in several countries to feed animals as it ensur a 
food supply in the case of a critical drought situation (Arba et al., Agri.Mar, 2009, 215-222). Thus, the 
aim of this work was to study the effects of nutrient restriction and total substitution of concentrate by 
cactus silage in Boujaâd ewes during late pregnancy and early lactation on neonatal offspring 
performance. The experiments were carried out at INRA-CRRA-Settat- MAROC. Thirty-three Boujaâd 
ewes at similar ages (3 months of gestation) and with an average weight of 50.83 ± 1.49 kg were used. 
The experiment started at 3 month ewe’s gestation until 1 month lactation. Ewes were randomly assigned 
to three groups, a control group CG (n = 11), a dietary restricted group RG (n = 11) (deficit ration in 
energy and proteins) and a group cactus-based diet CBG (n = 11). The CG and CBG groups received the 
same energy amount. The food rations, adopted in this work were randomly selected in a way to simulate 
the under nutrition in small livestock producers during drought periods in Morocco. The body weight was 
measured monthly for all ewes. While, the lamb’s body weight was measured at birth and one month later 
and lamb mortality and the rate of abortion were assessed. Statistical analyzes were performed using the 
JMP SAS 11.0.0 program and lamb mortality and the rate of abortion data were assessed by X2 analysis 
of contingency tables. This study showed significant effect (P <0.05) on all parameters. The ewe body 
weight in late pregnancy and early lactation was higher in CG (53.36 ± 1.25 kg and 49.21 ± 2.09 kg 
respectively) compared to the RG (49.71 ± 2.08 kg and 46.02 ± 0.98 kg respectively) and CBG (49.18 ± 
2.24 kg and 45.92 ± 0.98 kg respectively). The rate of abortion and mortality after birth were higher in 
RG (27.27% and 36.36% respectively) compared to the CG (7% and 8.2% respectively) and CBG (4% 
and 5% respectively). The weight of lambs at birth was significantly affected by the diet adopted, the 
weight was higher in CBG (3.4 ± 0.51 kg) and CG (3.12 ± 0.34 kg) compared to RG (2.4 ± 0.12 kg). 
Similarly, weight of lambs one month later was higher in CBG (18.1 ± 0.91 kg) and lower in the RG 
(6.98 ± 2.15 kg), while in CG the weight was intermediary (11.16 ± 0.28 kg). It is concluded that ewe 
undernutrition in late gestation and early lactation affect negatively lamb growth performances and 
mortality rate. However, the use of cactus silage as a feed for ewes can be used as an alternative to 
concentrate especially in arid area with limited food resources. 
We thank the CNRST and the Ministry of high education in Morocco for supporting a part of this work 
(Project: PPR15/47). 
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One of the most important issues of in vitro production of pig embryos is the quality of oocytes. 
Thymosin (TH) is a 28- peptide hormone, released by the Thymus. TH accelerates the healing of dermal 
burn wounds, injured cells or tissues as well as regenerates skin and stimulates hair regrowth (Tseng et 
al., 2002, Kim and Kwon, 2014). Until now the regeneration functions were examined only on somatic 
cells. In our recent study we showed that maturation of pig oocytes in a medium supplemented with 
thymosin increased the number of matured oocytes with lower morphological quality and improved the 
quality of in vitro obtained pig blastocysts (Gajda et al., 2015). The purpose of this preliminary study was 
to investigate the effect of maturation of oocytes with or without thymosin on in vivo survival of pig 
embryos obtained after in vitro fertilization. Cumulus-oocyte complexes (COCs) were obtained from 
ovaries collected from slaughtered gilts. COCs were selected based on cytoplasm morphology and 
cumulus cell layers appearance and cultured for 42–44 h in a modified TCM-199 medium supplemented 
with 1 mg/ml of synthetic TH (LipoPharm.pl) (experimental group) or without TH (control group). After 
maturation, oocytes from the experimental and control groups were assessed and fertilized in vitro. 
Presumptive zygotes were cultured in the NSCU-23 medium for 72 h at 39o C, in an atmosphere of 5% 
CO2 and 5% O2 in humidified air. Embryos were transferred surgically, under general anesthesia, into a 
single oviduct of synchronized 6 month-old recipients gilts. Each of the two gilts from the experimental 
group and one from the control group received fifty embryos. On days 28-30 and 40, the diagnosis of 
pregnancy was performed by ultrasonography. The pregnant recipients were monitored until parturition, 
and the total number of piglets born within individual litters was determined. After transfer of embryos 
from the experimental group (50 to each gilt) into 2 recipients and 50 from the control group into 1 
recipient, both gilts that received embryos obtained after in vitro fertilization of oocytes matured with TH 
became pregnant and delivered a total of 16 live piglets. Pregnancy was not achieved after transfer of 
embryos from the control group. In conclusion, in our preliminary study we suggest that the maturation of 
pig oocytes with thymosin supports the in vivo survival of IVF embryos. This study permitted us to set up 
the IVP-embryo transfer successfully in our lab allowing the birth of the first piglets obtained after IVP 
and ET in Poland. Further experiments are ongoing to validate the results of this study. 
Supported by Fund of own Research IZ PIB, project no. 07-2.06.7 and BIOSTRATEG2/297267/ 
14/NCBR/2016. 
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Successful spermatogenesis and oogenesis are the two genetically independent processes preceding 
embryo development. Therefore, further studies are required to discover more proteins associated with the 
development of germ cells and embryogenesis in order to shed more light on the processes. Here, we 
extended our previous study (Rahimi, M., Bakhtiarizadeh, M. R. & Mohammadi-Sangcheshmeh, A. 
OOgenesis_Pred: A sequence-based method for predicting oogenesis proteins by six different modes of 
Chou's pseudo amino acid composition. J Theor Biol 414, 128-136, doi:10.1016/j.jtbi.2016.11.028 
(2017)) and offered a new algorithm to predict not only the proteins are involved in oogenesis, but also 
those implementing spermatogenesis and embryogenesis processes. First we extracted 345, 641, and 831 
proteins through searching the UniProtKB database with gene ontology terms for “oogenesis”, 
“spermatogenesis” and “embryogenesis”, respectively. Then we developed a new method based on the 
support vector machine (SVM) and informative protein physicochemical properties (1920 different 
features including amino acid composition, autocorrelation, Quasi sequence-order, two types of pseudo-
amino acid compositions and etc.) for predicting new fertility-related proteins and their classes 
(oogenesis, spermatogenesis and embryogenesis). Moreover, we employed a feature selection approach 
by using 10 different feature weighting methods on general datasets (combination of oogenesis, 
spermatogenesis and embryogenesis) to identify the more important protein features for fertility/non-
fertility-related proteins. Our model achieved 80.79%, 80.54% and 79.74% prediction accuracy by five-
fold cross validation test and 82.03%, 80.15% and 77.16% prediction accuracy using the independent test 
for datasets with 50% identity for Oogenesis, spermatogenesis and embryogenesis respectively. 
Furthermore, our results of feature selection revealed that Isoleucine and Serine frequency, Dipeptide 
Composition, Quasi sequence-order, composition, distribution and conjoint triad are important features 
for fertility-related proteins prediction. Interestingly, we found that the role importance of serine and 
isoleucine in fertility-related proteins and related biological process are highlighted. Isoleucine is believed 
to be related to male fertility through its synthetic and metabolic activities. For instance, mutation of 
encoding gene of ubiquitin-specific protease 26 (responsible for a valine to isoleucine change) has been 
reported to cause male infertility and adversely affect the testicular function. Cytochrome P4501A1 
participates in isoleucine–valine exchange; mutation of its heme-binding region is also associated with 
infertile men. The importance of isoleucine in sex-determining region Y (SRY) protein has been 
highlighted, specifically the orientation of isoleucine side chain in DNA minor groove. The key role of 
the glycine and serine-rich sequences in oogenesis and folliculogenesis processes is highlighted by 
explaining their relationship to bone morphogenetic protein (BMP) family. Finally, we developed a two-
layer classifier software, named as “PrESOgenesis”. 
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Extracellular vesicles (EV), recognized as an important mechanism of cell-to-cell communication, have 
been identified in the oviductal fluid (OF) and have been proposed as key modulators of sperm-oviduct 
interactions. Hence, the aims of this study were: 1) to characterize sperm-oviduct EV interactions across 
the estrous cycle and 2) to identify the effects of these interactions on sperm viability and motility. 
Oviducts with their attached ovaries were collected from bovine reproductive tracts at a local 
slaughterhouse and classified into 3 stages of the cycle: Pre-Ovulatory (PE), Post-Ovulatory (PO) and 
Luteal Phase (LP). After OF collection, EV were isolated by ultracentrifugation and resuspended in 50 µL 
PBS (pool 300 µl from 2-3 cows). A pool of frozen-thawed washed spermatozoa (spz) from 2 bulls 
(Holstein and Normand; 85% viability and 60% motility after Percoll) was used. To analyze sperm-EV 
interactions and survival, EV were labeled with a green fluorescent dye (PKH67) and co-incubated (at 
3.3% (v/v)) with spz for 2, 8 or 16 h at 37ºC, 5% CO2in IVF media (Tyrode medium), then stained with 
Hoechst 33342 and Ethidium Homodimer (to visualize dead spz) and evaluated by confocal microscopy 
(~900 spz counted). Sperm motility was assessed after 2, 8 or 24 h of co-incubation with and without 
(Control) EV (at 1 or 10% (v/v)) by CASA. Each experiment was done in triplicate. The effects of the 
stage on interactions and of interactions on sperm viability were analyzed by chi-squared statistical test. 
The effect of interactions on sperm motility were analyzed by Kruskal-Wallis test. The proportion of spz 
interacting with EV (EV-spz) increased over time, ranging from 1-2% of EV-spz after 2h of co-
incubation to 4-10% after 8h and 62-80% after 16 h. Overall, a significantly higher proportion of spz were 
bound to LP-EV compared to PE- and PO-EV (8h: 9% vs 5 and 4% and 16h: 76% vs 66 and 63%, 
respectively; P < 0.01). Besides, five different patterns of sperm-EV interactions were observed with a 
marked effect of the stage of the cycle. After 16h of co-incubation, PE- and PO-EV were mainly detected 
over the sperm head in comparison to LP-EV (70 and 54% vs 29% of EV-spz, respectively; P < 0.01) 
whereas LP-EV were distributed over the head and intermediate piece compared to PE- and PO-EV (58% 
vs 41 and 28% of EV-spz, respectively; P < 0.01). LP-, PE and PO-EV had a detrimental effect on sperm 
viability compared to controls at 8h (48- 52% vs 61%) and 16h (27-28% vs 35%; P < 0.01). Furthermore, 
PE-EV (10%) decreased significantly the % of motile & progressive spz after 2h incubation (10.3% vs 
31,1% and 4.0% vs 19.3%; P < 0.05), and PO-EV (10%) the % of progressive spz after 8h incubation 
(2.6% vs 5.4%; P < 0.05). In conclusion, we showed that oviductal EV interacted with cryopreserved 
bovine spz in a stage-specific manner. Long co-incubation times with EV impaired sperm viability and 
motility. These results pave the way for further research on sperm-EV interactions in the maternal tract. 
Supported by INRA-CI-PHASE grant. 
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The Latvian Brown (LB) dairy cows are native cattle breed endemic in Latvia. It is possible to save LB 
cow breed by using multiple ovulation (MO) and embryo transfer (ET) due to the ERAF project No.  
1.1.1.1/16/A/025, BioReproLV. In Latvia MOET in cows has been restarted after 35 years of interruption. 
Many of the LB gene fond (GF) animals are at advanced age, they live in small farms without a 
calculated feeding ration, and many of these small private farm owners do not have appropriate education 
relevant to the cow physiology beside their own experience. The aim of the present study was to find out 
the health status in genetically valuable LB GF cows intended for MOET. Clinical examination, blood 
morphological (leucocytes, erythrocytes, haemoglobin, haematocrit, mean corpuscular volume, mean 
corpuscular haemoglobin, platelets) and biochemical analysis (alanine aminotransferase (ALAT), 
aspartate aminotransferase (ASAT), gamma glutamyltransferase (GGT), alkaline phosphatase (AP), urea, 
creatinine (CREA), total protein (TP), albumin (Alb), sodium (Na), potassium (K), calcium (Ca), 
phosphorus (P), chloride (Cl), cholesterol (CHOL), triglycerides (TG), as well as glucose (Glc) and ß-
hydroxybutyric acid (BHB) by using express test FreeStyle Optimum Neo H) were performed in 12 
animals. Data are expressed as the mean ± SD and one sample t-test and independent samples t-test were 
performed for statistical analysis considering the significance level of P = 0.05. The donor cows were 5.3 
± 2.66 years old (max. 9). Body score condition = 2.0 points was in 3 cows (25%) and = 3.5 was in 4 
cows (33%). No signs of illness were established by general clinical and reproductive tract examinations 
in 9 cows (75%), but 3 cows (25%) were rejected because of ovarian cysts, pyometra and subclinical 
ketosis. Blood morphological parameters were in the reference ranges in all cows. ALAT (40.3 ± 6.60 
u/L) was increased in 4 (33%), GGT (39.5 ± 6.72 u/L) was increased in 7 (58.3%) and BHB (1.7 ± 0.25 
mmol/L) was increased in 3 cows (25%), (P = 0.05). Urea (1.6 ± 0.86 mmol/L) was decreased (P = 0.05) 
in 4 cows (33%). These results indicate impaired liver health and functionality due to inaccuracies in 
nutrition. Other biological parameters as ASAT (84.4 ± 17.86 u/L), AP (60.0 ± 83.16 u/L), CREA (72.9 ± 
27.81 µmol/L), TP(73.6 ± 6.39 g/L), Alb (32.5 ± 5.27 g/L), Na (142.3 ± 2.3 mmol/L), K (5.1 ± 0.48 
mmol/L), Ca (2.5 ± 0.63 mmol/L), P (2.1 ± 0.33 mmol/L), Cl (98.7 ± 1.92 mmol/L), CHOL (4.5 ± 1.69 
mmol/L), TG (0.2 ± 0.06 mmol/L), Glc (2.9 ± 0.72) were in the reference ranges in all cows. MO using 
pregnant mare serum gonadotropin and double artificial insemination were carried out for 7 cows till now 
and only 2 embryos were obtained. In conclusion, because of the inapropriate LB GF health status, it is 
necessary to conduct blood morphological and biochemical analyses in all cows intended for MOET. The 
express-tests (Glc, BHB) are the first signals of inaccuracies regarding cow metabolism, and blood 
biochemical analyses have proved it. 
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Our objective was to investigate somatic cell nuclear transfer (SCNT) as a tool for restoration of 
particular genotypes (genome edited mainly) in the New-Zealand rabbit. SCNT efficiency is founded on 
the capacity of donor cells to be reprogrammed to a totipotent state. Consequently, the less differentiated 
donor cells are, the more easily they could be reprogrammed by a recipient ooplasm. In rabbit, the lack of 
functional embryonic stem cells is thus a problem. In Ali/Bas rabbit, V. Zakhartchenko et al. (Biol 
Reprod.84p229. 2011) opened interesting perspectives with the use of bone marrow multipotent cells as 
donor cells for SCNT. Thus, multipotent mesenchymal stem cells (MSC) could be attractive for our 
purpose. From this prerequisite but looking for multipotent cells accessible in the least invasive way for 
the donor rabbit, we tested the ability of adipose-derived mesenchymal stem cells (ASC) to give birth to 
cloned animals. ASC were easily recovered from abdominal fat under anaesthesia. For this preliminary 
study, we used 2 different batches of commercial ASC (RBXMD-01001/Cyagen Biosciences, Neu-
Isenburg, Germany) chosen for their multipotent state and strong capacity to expand maintaining this 
state. We used cumulus cells (CC) as “control” of development potential since they have been used 
widely for SCNT and most rabbit live clones were produced from freshly prepared CC. Nuclear transfer 
and embryo transfer were performed as described by N. Daniel et al. (Methods Mol Biol.1222p15. 2015 
and Cold Spring Harb Protoc. 2010). The pregnancies were followed by ultrasound monitoring as 
described by P. Chavatte-Palmer et al. (Theriogenology.69p859. 2008). In vitro and in vivo embryo 
developments were compared by Chi-2 or non-parametric Fisher’s exact test and differences were 
considered significant at P < 0.05. We first compared 2 ASC lines to make sure that the individual 
characteristics of each do not influence the developmental competence of SCNT embryos. No significant 
differences were observed for cleavage, blastocyst, implantation and pregnancy rates, nor for 
development to term. We then compared ASC versus (vs) CC. ASC showed higher in vitro development 
rates: 88% (492/559) vs 73.5% (180/245) and 46.1% (65/141) vs 32.2% (79/245) for cleavage and 
blastocyst rates respectively. At mid-gestation, pregnancy rates were not significantly different: 40.1% 
(9/22) vs 50% (4/8). Term pregnancies were obtained for 1 and 3 recipient females respectively. One 
clone was born from ASC and 5 from CC. Embryo competence to develop to term was thus significantly 
lower for ASC 0.4% (1/247) vs 3.6% (5/138). Large Offspring Syndrome was observed for 1 ASC and 
2CC clones. Further studies are thus necessary to decrease LOS incidence in rabbit cloning, but our study 
showed that ASC, which are easily available for multiple cloning sessions, are compatible with full term 
pregnancy after SCNT. 
This study was supported by CRB-Anim (ANR-11-INBS-0003) and Revive (ANR-10-LABX-73). 
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Oviduct epithelial cells (OEC) are cultured in vitro to study their function with the aim of improving 
conditions for in vitro embryo production. However, primary culture of OEC is hampered by their limited 
lifespan and low passage capacity. This study aimed to determine whether the OEC population includes 
adult stem cells of the type identified in other tissues. Stem cells have the capacity to both self-renew and 
differentiate into cell types of ecto-, endo or mesodermal lineages. The leucine-rich repeat-containing G-
protein-coupled receptor 5 (LGR5) is considered an adult stem cell marker in the epithelia of many 
tissues. In a first step to identify adult stem cells in oviduct epithelium, we investigated the presence of 
LGR5 in OEC. Oviducts from cows obtained from a commercial slaughterhouse were dissected post-
mortem and classified into four estrous cycle stages based on ovarian morphology: immediate post-
ovulatory, mid-luteal, late-luteal, and pre-ovulatory (n = 3/stage). The OEC from each oviductal segment 
(infundibulum, ampulla, and isthmus) from ipsilateral and contralateral (relative to the CL or pre-
ovulatory follicle) oviducts were collected separately using a mechanical technique for OEC collection. 
Briefly, the OEC from infundibulum and ampulla were scraped with a thin blade, and the sections of 
isthmus were gently squeezed with forceps. Relative LGR5 level was analyzed by RT-qPCR, and 
normalized using the geometric mean of the two best reference genes (GAPDH encoding glyceraldehyde 
dehydrogenase and RLP15 encoding ribosomal protein L15). Student’s t-test was used to evaluate 
differences in LGR5 levels between ipsilateral and contralateral oviducts and ANOVA with post-hoc 
Tukey-Kramer test to assess differences in OEC LGR5 levels between the three oviductal segments and 
four estrous cycle stages (JMP software; SAS Institute Cary, NC). No differences in LGR5 levels were 
observed between ipsi- and contralateral oviducts (P > 0.05). However, when compared to ampulla, LGR5 
was detected 156.4 ± 121.3 times more in the isthmus, while 0.51 ± 0.22 lower in the infundibulum (P < 
0.05). LGR5 levels were estrous cycle stage independent (P > 0.05) with the exception of the isthmus in 
which 2.75 ± 1.15 and 1.73 ± 0.85 times higher LGR5 levels were detected during the pre-ovulatory stage 
when compared to the mid- and late-luteal stages, respectively (P < 0.05). In short, LGR5 mRNA was 
detected in all oviductal segments throughout the estrous cycle with highest levels in pre-ovulatory 
isthmus. The detection of LGR5 transcripts suggests the presence of adult stem cells among bovine OEC. 
Experiments are ongoing to confirm the presence and location of LGR5 protein and to isolate LGR5 
positive cells for future improvement of OEC cultures. 
Supported by São Paulo Research Foundation (FAPESP, # 2017/13481-8). 
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Direct gene ablation (knock-out, KO) can be achieved by CRISPR microinjection at the zygote stage. KO 
generation mediated by CRISPR is based on the generation of insertion-deletions (indels) at the coding 
region of a gene that can disrupt its open reading frame leading to a truncated protein. Gene disruption 
occurs only when the indel is not multiple of three, therefore not all randomly generated indels produce a 
KO. Direct KO generation requires all alleles (indels) harbored by an individual to be frame-disrupting. In 
this sense, a reduction in the number of indels generated in a given individual increases the chances of 
direct KO generation. Ideally, CRISPR should generate 2 indels, one on each parental chromosome, 
however, if the edition occurs after DNA replication, mosaicism (i.e. the presence of more than two indels 
on the same embryo) arises. The objective of this study has been to develop a protocol based on early 
microinjection of bovine oocytes to reduce mosaicism rate following CRISPR edition. A preliminary 
study was conducted to evaluate the shortest gamete co-incubation time compatible with normal 
developmental rates. Fertilization rates were dramatically reduced at 8 or 9 h co-incubation times, but 10 
h yielded similar cleavage rates than the conventional 20 h in vitro fertilization (83.8 ± 5.0 vs. 90.9 ± 5.5 
for 10 or 20 h groups, respectively, ANOVA (P > 0.05)). Next, we evaluated DNA replication timing by 
5-Ethynyl-2'-deoxyuridine (EdU) incorporation from 10 to 20 hours post-insemination (hpi), observing 
that most zygotes began their S-phase well before 20 hpi (zygotes in S-phase (%): 39.0 ± 5.61; 78.0 ± 
7.54; 92.5 ± 4.13 77.5 ± 4.48; 56.1 ± 6.41; 37.5 ± 5.09, at 10, 12, 14, 16, 18 and 10 hpi respectively; mean 
± s.e.m., 3 replicates). Finally, we performed CRISPR microinjection (300 ng/µl Cas9 mRNA and 100 
ng/µl sgRNA) at 10 or 20 hpi, targeting an intronic region where indels do not exert any detrimental 
effect on development. Genome edition rates of blastocysts derived from microinjected zygotes was 
similar in both microinjected groups (85.7% -6/7- for 20 hpi vs. 92.3% -12/13- for 10 hpi). However, 
clonal sequencing of the edited embryos (10 clones sequenced per embryo) revealed a significantly lower 
incidence of mosaicism in blastocysts from 10 hpi group (100% -6/6- for 20 hpi vs. 33.3% -4/12- for 10 
hpi. Fisher’s exact test (P < 0.05)). In conclusion, an earlier deliver of CRISPR components reduces 
mosaicism rates and achieves similar developmental and genome edition rates. 
This study is supported by the project AGL2014-58739-R from the Spanish Ministry of Economy and 
Competitiveness, and 757886-ELONGAN from the European Research Council. ILT is supported by a 
FPI contract and PBA by a Ramón y Cajal contract. 
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Successful embryo development in vitro is directly dependent on the provision of an optimal culture 
environment that supports coordinated embryonic cell division, metabolism, and genetic and epigenetic 
development. A number of attempts have been made over recent years to use microfluidic devices in IVF 
as a means to control the culture environment and so improve embryo developmental competence 
(quality) in vitro. In this study we have designed, engineered and tested a novel microfluidic device for 
the in vitro production of murine embryos from the 1 cell zygote stage to the blastocyst stage. Soft 
lithography was used to prepare microfluidic devices in polydimethylsiloxane (PDMS). The microfluidic 
device consists of a 400 nL circular chamber (radius 750 mm) where 10 embryos can be loaded, kept in 
static culture for the full period of culture and visualized by optical and fluorescent microscopy. A series 
of 2 experiments were conducted to evaluate the efficacy of our microfluidic device for mouse embryo 
culture. Cryopreserved, IVF-derived, mouse embryos of strain C57BL/6N, provided by MRC Harwell, 
UK were cultured in KSOM media. Microfluidic culture was used in conjunction with non-invasive 
analysis of glucose (G), pyruvate (P) and lactate (L) metabolism in spent zygote culture media as a means 
to improve embryo quality. In both experimental series, data from microfluidic cultures were compared to 
equivalent end point analyses of control embryos grown in conventional microdrop cultures under oil. 
Experiment 1: 2 cell embryos were thawed and cultured in groups of 8-10 in microfluidic devices (n = 46) 
or 10µl control (n = 32) drops for 3 days at 37oC under 5%CO2/5%O2/N2 balance. Embryos were 
removed to individual culture drops for 24h for analysis of energy substrate turnover using the method of 
Guerif et al. (PLOS ONE, 2013) followed by transfer to fibronectin-coated dishes for assessment of 
attachment and outgrowth according to the method of Hannan et al. (Endocrinology, 152 (12), p4948-
4956, 2011). Blastocyst grade, hatching, attachment, outgrowth rates, and pyruvate and glucose 
consumption were assessed and were similar between device and control groups (P > 0.05). However, 
lactate output was significantly reduced following device culture vs controls (4.1 ± 0.8 vs 1.4 ± 0.3 
pmol/embryo/hr, P = <0.0001). GPL metabolism did not predict embryo attachment or outgrowth in 
either culture environment. Experiment 2: 1 cell zygotes were cultured individually overnight for analysis 
of GPL metabolism and assigned to culture groups based on pyruvate consumption, with 1 device and 1 
microdrop group per tertile per culture with 10 embryos per group (total n = 60 device and n = 60 
control). Following group culture, individual blastocyst pyruvate consumption was reduced (5.4 ± 2.2 vs 
12 ± 1.5 pmol/embryo/hr, P = < 0.0001). Pyruvate consumption tertile was unaffected by device culture. 
Device culture was non-toxic and did not affect embryo development. However, blastocyst pyruvate 
consumption and lactate output were reduced compared to controls. This may suggest microfluidic 
culture can be utilised to achieve a controlled, moderate metabolic phenotype, reducing variation between 
embryo metabolism. 
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Progesterone (P4) and its analogues (progestins) are commonly used in estrus synchronization protocols 
and to hold the LH surge during ovarian stimulation to allow oocyte recovery in live donor ewes. 
However, recent evidence suggests that some progestins may have a deleterious effect on embryo quality 
after long-term use. Thus, the present study aimed to evaluate the effect of two progestin devices used 
during ovarian stimulation on the COC quality in donor ewes. A total of 30 pluriparous ewes had their 
estrus and follicular wave synchronized by a short-term protocol (Bragança et al., Reprod., Fertil. Dev., 
published online, 2018). At 80 h after sponge removal, all ewes received 80 mg of pFSH (Folltropin-V, 
Bioniche Animal Health, Ontario, Canada) in three applications (50%, 30% and 20%) every 12 h. For 
stimulation, the ewes were allocated into three groups (n = 10 each): MAP, in which ewes received 
intravaginal sponges containing 60 mg of medroxiprogesterone acetate (Progespon, Zoetis, São Paulo, 
Brazil); P4, in which a silicone device impregnated with 0.33 mg of natural P4 (CIDR, Eazi-Breed, Zoetis) 
was applied; and Control, in which the ewes did not receive any device (only luteal P4). COCs were 
recovered by laparoscopy and morphologically graded as viable (GI/II, homogeneous ooplasm and at 
least a complete cumulus cells layer; and GIII, homogeneous ooplasm and/or partially denuded) or poor 
quality (GIV, heterogeneous ooplasm or degenerated). To infer development competence, viable COCs 
were stained with brilliant cresyl blue (BCB) and classified as BCB+ (competent) and BCB- (non-
competent). Pools of 10 BCB+ COCs/group were used for gene expression analysis by real-time PCR of 
oocyte competence markers (ZAR1, zygote arrest 1; MATER, maternal antigen that embryo requires; 
GDF9, growth differentiation factor 9; BMP15, bone morphogenetic protein 15; RELN, reelin; Bcl-2, B-
cell lymphoma 2; and BAX, Bcl-2 associated X protein) and steroidogenic pathway-related genes (ERα, 
estrogen receptor α; LHr, LH receptor; FSHr, FSH receptor; and StAR, steroidogenic acute regulatory 
protein). An ANOVA was then conducted to compare the variables followed by a Tukey test. No 
significant difference (P > 0.05) was observed for the number of viable COCs per ewe (MAP: 5.7 ± 1.0, 
P4: 7.7 ± 0.7 and Control: 5.7 ± 1.1) or the percentage of BCB+ (MAP: 61%, P4: 58% and Control: 65%). 
However, the gene expression profile was affected by the type of progestin used. FSHr, LHr and RELN 
genes were up-regulated (P < 0.05) in the P4 as compared with the MAP group, while LHr and RELN 
genes were down-regulated in the MAP as compared with the Control (P < 0.05). Finally, FSHr, LHr, 
Erα, as well as the Bcl-2, ZAR1 and GDF9 were up-regulated in the P4 as compared with the Control 
group (P < 0.05). In conclusion, the progestin device alters the expression of genes related to quality and 
the steroidogenesis pathway in fully-grown COCs, and the use of a natural P4 device may improve the 
development competence of COCs. Further studies including IVP are necessary to confirm our findings. 
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The Zona Pellucida (ZP) is an extracellular matrix of mammalian oocyte and early embryo. It plays 
physiologically important roles in fertilization including binding of spermatozoa and prevention of 
polyspermic penetration. Sensitiveness of ZP to protease digestion and resistance to enzymatic solubility 
is species-specific. Polarized light microscopy allows monitoring the multilaminar ZP structure and 
identifying three differentiated ZP layers. This study investigated whether retardance and thickness of the 
inner, middle and outer layers of different species determines resistance to trypsin digestion. Immature 
oocytes from bitch (n = 6), cow (n = 10), mouse (n = 5), pig (n = 16) and rat (n = 9) were collected from 
ovaries and analysed by polarized light microscope (polscope). The retardance and width of each layer of 
the ZP was analysed and measured by Oosight Meta®software (CRI, Woburn, MA, USA). Oocytes were 
incubated with trypsin solution (5mg/mL diluted in PBS) at 37ºC (Merck KGaA, Darmstadt, Germany). 
The time of ZP digestion was recorded and correlated with the birefringence and thickness outcomes. 
Analyses between groups were performed through a general lineal model, followed by Bonferroni’s post-
hoc test (P < 0.05). Pearson’s correlation between species and parameters was analysed. The ZP of dog, 
mouse and rat showed lower ZP resistance to trypsin digestion (35.32 ± 0.80 min, 71.38 ± 2.16 min, 
38.00 ± 1.49 min, respectively) compared to cow (111.09 ± 3.90 min) and pig ZPs (403.14 ± 23.84 min). 
As hypothesized, the inner, middle and outer layer were observed in bitch, cow, mouse, pig and rat 
oocytes. In all species the inner layer showed the highest birefringence. Furthermore, birefringence and 
thickness values differed between different species. Similar to ZP resistance, the relative thickness of 
inner ZP layer of pig (56.7%) and cow (56.8%) were higher than inner ZP layer relative width of bitch 
(47.6%), mouse (30.3%) and rat (47.7%). Finally, pig, cow and bitch showed higher birefringence, 
measured as retardance value, (5.98 ± 0.24nm, 8.83 ± 0.21nm and 6.75 ± 0.30nm, respectively) than 
mouse (0.97 ± 0.07nm) and rat (1.24 ± 0.10nm) ZPs. No significant correlations between ZP resistance to 
trypsin digestion and ZP birefringence or thickness were found in any analysed species. In conclusion, 
differences were observed among the ZP of different species related with the ZP protein organization 
using the polscope microscopy. No correlations were observed between trypsin digestion and polscope 
analysis. 
However, an increased number of oocytes should be analysed to confirm these preliminary results. 
Supported by MINECO AGL2015-70159-P and FEDER. 
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When embryos are genotyped, pregnancy rates after transfer are lower due to the need for biopsy and 
cryopreservation. The main objective of this study was to assess in vitro survival rates of biopsied 
vitrified in vitro-produced blastocysts using two different vitrification devices and a one- vs. three-step 
warming system. Embryos were produced by a standard in vitro protocol and placed in the culture 
medium (synthetic oviductal fluid (SOF) supplemented with 5% oestrus cow serum (OCS), 40µl/ml basal 
medium Eagle (BME) and 10 µl/ml non-essential amino acid solution (MEM), at 38.5ºC in 5% CO2 and 
5% O2). A total number of 215 of grade 1 blastocysts (IETS codes 6 and 7) were randomly divided into a 
biopsy group (BG, n = 76) and a control group (CG, n = 139). Blastocysts were biopsied using a 
microblade mounted on a micromanipulator. A small portion of the trophoblast, approximately 15%, was 
cut off. Both groups were then vitrified using the Cryotop ® (Kitazato, Tokio, Japan) or the new VitTrans 
device (Morató and Mogas, Cryobiology, volume 68, issue 2, pages 288–293, 2014). For vitrification, all 
blastocysts were exposed to an equilibration medium with 7.5% EG + 7.5% DMSO in holding medium 
(HM), consisting of TCM-199 with 20% fetal calf serum, moved into a drop with 16.5% EG + 16.5% 
DMSO + 0.5M sucrose in HM and then placed in a microdroplet on the Cryotop ® (Biopsy, n = 39; 
Control, n = 94) or VitTrans device (Biopsy, n = 37; Control, n = 45). Warming of embryos using the 
VitTrans device for vitrification occurred in a one-step procedure by incubating them at 38.5ºC in 0.5M 
sucrose solution for 5 minutes. Embryos vitrified with the Cryotop system were warmed using the 
conventional three-step procedure by incubating them at 38.5ºC in 1M sucrose solution for 1 min, 0.5M 
sucrose solution for 3 min and 0M sucrose (HM) for 5 min. After warming, all embryos were placed in 
the culture medium. Morphology and re-expansion were evaluated 24h post-warming. The embryo 
survival rate was defined as the ratio of blastocysts that were able to re-expand with regards to the total 
number of warmed blastocysts. A 67% survival rate was observed in all biopsied embryos compared to 
controls (71%) (SAS, PROC GLM; p-value = 0.5319). The ratio of re-expanded embryos of the 3-step 
warming system was 73% (biopsy group (69%) and control group (75%), Cryotop, n = 133), in 
comparison with 63% using the 1-step warming system (biopsy (65%) and control group (62%), 
VitTrans, n = 82); (SAS, PROC GLM; p-value = 0.1123). In conclusion, the biopsied embryos showed 
good in vitro development after vitrification and warming. However, based on our results, additional 
research is required to increase the re-expansion rate of embryos using the one-step warming procedure. 
The viability of the embryos needs to be confirmed by successful establishment of pregnancies. 
This work was sponsored by Bayern-Genetik GmbH. We are thankful for the support of Dr. Huber and 
his team at Südfleisch Waldkraiburg GmbH, as well as Teresa Mogas at UAB. 
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Juno, an essential protein in mammalian fertilization, was identified as the receptor for Izumo1 on mouse 
eggs and proven that the interaction between both proteins is conserved within mammals (Bianchi, Nature 
508(7497): 483–487, 2014). Moreover, we have developed an in vitro 3D model mimicking oocyte’s 
properties to study the molecular mechanisms involved in gamete interaction in pigs (Hamze, Animal 
Reprod 13: 647, 2016; Hamze, Animal Reprod 14 (3): 974, 2017). Thus, the objectives of this study were 
i) to construct expression plasmids encoding the sequence of porcine Juno (F1STK4), ii) to express this 
recombinant protein in mammalian cells and, iii) to create a new 3D model consisting of magnetic beads 
(His Mag Sepharose™ Excel) conjugated with porcine pJuno. cDNA encoding nucleotide sequence (672 
bp) of Juno protein in Sus scrofa was kindly donated by Dr. Enrica Bianchi (Cell Surface Signalling 
Laboratory, Wellcome Sanger Institute, UK). pJuno was PCR-amplified with reverse primer contained a 
sequence encoding a 6 histidine-tag and cloned into a pcDNA3.1 (+). pJuno-Cherry (pcDNA3.1 (+)) was 
designed including mCherry fluorescent protein in-frame with 3’ region of pJuno and tagged with 6-
histidines before stop codon (GeneArt, Life Technology). Expression plasmids were verified by DNA 
sequencing and purified. Both proteins were in vitro expressed in Chinese Hamster Ovary cells (CHO) 
and, once secreted, identified by SDS-PAGE and western blot. Juno-Cherry expression was monitored by 
fluorescence microscopy. Then, the secreted recombinant proteins were conjugated with the magnetic 
beads. Groups of 60-65 beads conjugated to Juno were co-incubated for 1 and 2h with a heterospermic 
dose of boar spermatozoa in TALP medium at a final concentration of 200.000 spermatozoa/mL. After 
co-incubation, the beads were washed twice in PBS, fixed and stained with Hoechst 33342. The 
percentage of beads with at least one sperm bound (BSB) and the mean number of sperm bound per bead 
(S/B) were scored by fluorescence microscopy. Secreted proteins and their adhesion to the beads was 
confirmed by western blot with anti-His antibody. Recombinant pJuno showed a molecular weight of 
≈30kDa and pJuno-Cherry ≈50kDa. The BSB rate was similar at both incubation times, being 96.1 ± 
1.7% at 1h (n = 128) and 92.8 ± 2.5% at 2h (n = 111). The S/B was 15.0 ± 1.2 and 16.0 ± 1.4, 
respectively after 1 and 2h co-incubation. In conclusion, in this study, recombinant pJuno and pJuno-
Cherry were in vitro expressed and identified for the first time. Moreover, the 6 histidine-tag of the 
recombinant protein allowed its successful conjugation to the magnetic beads generating a new and 
promising 3D model. Our preliminary results show that boar spermatozoa binds to Juno-beads but further 
studies are necessary to characterize this sperm-egg interaction and to gain more knowledge on the 
molecular basis of this interaction in pigs. 
Supported by MINECO and FEDER (AGL2015-70159-P) and Fundación Seneca-Agencia de Ciencia y 
Tecnología de la Región de Murcia (18931/JLI/13), “Jóvenes Líderes en Investigación”. 
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Problems in development an effective technology for vitrification of female gametes are determined by 
the features of oocytes structure, the sensitivity of cellular compartments to the action of ultralow 
temperatures, the toxicity of cryoprotectants. The aim of the present study was to evaluate the effect of 
pre-treatment of cumulus-oocyte complexes (COCs) with the fluid from the follicles (FF) d ≤3mm before 
vitrification on the mitochondrial activity (MA) in native and devitrified oocytes. MA was evaluated in: 
native oocytes; native oocytes pre-treated with FF (120 min, 37oC); devitrified oocytes; devitrified 
oocytes pre-treated with FF. Vitrification was performed by equilibration of oocytes in: CPA1:0.7 M 
dimethylsulphoxide (Me2SO) +0.9 M ethylene glycol (EG), 30 sec; CPA2:1.4 M Me2SO + 1.8 M EG, 30 
sec; CPA3:2.8 M Me2SO + 3.6 M EG + 0.65 M trehalose, 20 sec and loading into straws. After thawing 
COCs washed in 0.25 M,0.19 M and 0.125 M trehalose in TCM-199 and finally in TCM-199. COCs were 
cultured in maturation medium (NCSU 23) supplemented with 10% FF (d≤3 - 6 mm), 0.1 mg/ml cysteine, 
10 IU/ml eCG and 10 IU/ml hCG at 38.5oC in a humidified atmosphere containing 5% CO2. COCs 
cultured in maturation medium with pieces of follicle’s wall (600-900 μm in length, Abeydeera L, et al., 
Biol Reprod. 58:213-218,1998). After 22 h of culture COCs and pieces of wall were washed and 
transferred into the same maturation medium but without hormonal supplements for next 22 h of culture. 
MA was measured by fluorescence probe MitoTracker Orange CMTM Ros, intensity of fluorescence 
expressed in µA/oocyte, chromatin status was evaluated with Hoechst 33342 (H.Torner et al., Reprod 
Dom Anim 42, 176–183, 2007). Oocytes were examined using confocal laser scanning system Leica TCS 
SP5. Chemicals were purchased from Sigma-Aldrich (Moscow, Russia). Data were analyzed by Student's 
t-test. Chromatin status and MA of 467 oocytes were evaluated (in 4 replicates, 27-30 oocytes/group). 
Before cultivation level of MA in native oocytes was significantly higher than in devitrified oocytes (331 
± 18,9 μA and 321 ± 17,7 μA vs. 105 ± 10, 3 μA and 150 ± 18,9 μA, P < 0.01). Pre-treatment oocytes 
with FF increased level of MA in diplotene, metaphase-I and II devitrified oocytes (105 ± 10,3 μA vs. 
150 ± 18,9 μA, 149 ± 12,1 μA vs. 209 ± 9,9 μA and 117 ± 17,1μA vs. 155 ± 11,9 μA, P < 0.05). There 
were no differences in the level of MA at metaphase II stage of native and devitrified oocytes that have 
pre-treated with FF (158 ± 12,8 μA vs. 155 ± 11,9 μA). Features of the functional activity of 
mitochondria in native and devitrified oocytes during IVM have been identified. Treatment of porcine 
oocyte with FF (d≤3 mm) prior to vitrification had a positive effect on the mitochondrial function in 
devitrified oocytes. The obtained results supplement data concerning the functioning of mitochondria in 
porcine oocytes at the influence of ultralow temperatures. 
This study was supported by the FASO, Russia (Project #181180215901329) and RFBR (Project #18-
016-00147A). 
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Cryopreservation of ovarian tissues is largely developing method. Successful preservation of primordial 
follicles was documented in many animal species. There are reports that also oocytes in the antral follicles 
of ovarian fragments can be successfully cryopreserved, despite the fact that the cavity with follicular 
fluid is a barrier for freezing. The aim of our study was to assess histological and ultrastructural status of 
oocytes from small antral follicles cryopreserved in the ovarian fragments in order to judge about their 
developmental competence. Ovarian fragments (n = 451; approximate size of 4x4 mm), containing antral 
follicles (2-4 mm), were isolated from undefined cows at a local abattoir, and frozen by two methods 
previously used for freezing of ovarian primordial follicles. For solid surface vitrification (SSV), ovarian 
fragments were exposed to 4% ethylene glycol (EG) in DPBS+10% FBS for 15 min and then rinsed in a 
vitrification solution composed of 35% EG and 0.4 M trehalose in DPBS+10% FBS. After 5 min 
equilibration in an ice bath, fragments were placed in a minimum volume of vitrification solution onto the 
surface of a metal plate pre-cooled by an immersion into a liquid nitrogen (LN). For liquid vitrification 
(LV), ovarian fragments were equilibrated in a vitrification medium containing 40% EG, 30% Ficoll 70, 
1M sucrose and 4 mg/ml of BSA at room temperature for 5 min. Then the tissues in 1.8 ml cryovials were 
placed into LN. After thawing the fragments were processed for histology and ultrastructure analyses; 
part of oocytes were tested for the ability to mature in vitro (IVM). After 24 h of IVM in maturation 
medium (TCM 199 (Gibco), sodium pyruvate (0.25 mmol.l-1), gentamycine (0.05 mg.ml-1), fetal bovine 
serum 10% and FSH/LH (1/1 I.U., Pluset) at 38.5°C and 5% CO2, the oocytes were fixed in formalin, 
stained with a DAPI dye and fluorescently evaluated. None of the oocytes from the SSV group were 
matured in vitro and only 8.4% from the LV group showed the signs of nuclear maturation in contrast to 
60.6% in the control (fresh) group. In all frozen ovarian fragments, regardless of vitrification technique, 
serious damages of oocytes at the light or electron microscopy levels were detected like extensive 
vacuolization and disintegration of the ooplasm and organelle dislocation. Visible zona pellucida cracks 
and deformities of oocytes were caused likely by the mechanical action of ice crystals formed in the 
follicle cavity. The granulosa cell nuclei were largely pyknotic. Germinal vesicles showed disintegrated 
nuclear envelope. Microvilli of cytoplasmic membrane were disrupted. The damaged zona pellucida 
acquired layer-like structure, and cells of corona radiata showed extensive damages. In conclusion, our 
experiments did not confirm that the oocytes, frozen in small antral follicles from ovarian tissue 
fragments using SSV or LV, are able to mature in vitro, due to extensive cellular damages revealed by 
histological and ultrastructural analyses. 
Grant support: the Agency for the support of Science and Technology, Slovak Republic (APVV-15-
0196). 
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Maternal metabolic disorders e.g. obesity have been linked with reduced oocyte quality and subfertility. 
In these cases, upregulated lipolysis increases free fatty acid concentrations, predominantly palmitic acid 
(PA), in blood and ovarian follicular fluid, causing direct detrimental effects on oocyte quality and IVF 
results. Using proteomic analyses, we found that high cellular oxidative stress, mitochondrial dysfunction 
and unfolded protein responses (UPR) are key mechanisms explaining PA-linked lipotoxicity in bovine 
oocytes. Carryover of cellular stress to subsequent early embryonic stages increases the risk of embryo 
cell death and explains the reduced blastocyst rates observed in vitro. Mitochondria-targeted therapeutics 
are increasingly used to treat metabolic diseases, however, their efficiency in rescuing development of 
metabolically-compromised oocytes has not been examined. In the present study, oocytes matured in 
media containing high pathophysiological PA concentration (150µM) or solvent (Control) were cultured 
in the presence or absence of mitoquinone (MitoQ; a mitochondria-targeted antioxidant, 1µM) (from day 
1 post-fertilization (D1) until D8, in serum-free FA-free SOF media). Embryo cleavage and fragmentation 
(at D2) and blastocyst rates (D8) were recorded. Gene expression patterns of markers of cellular stress 
were examined in the resultant D8 blastocysts. Numerical data were analyzed by ANOVA, and 
categorical data by binary logistic regression, followed by Bonferroni correction. At D2, PA had no effect 
(P > 0.1) on embryo cleavage (63.6 vs. 70.2%) and fragmentation (14.2 vs. 12.9%) rates compared to 
control. However, PA significantly reduced blastocyst rate at D8 (16.9 vs. 25.7%, P < 0.05). MitoQ 
supplementation during culture to PA-derived embryos significantly reduced embryo fragmentation (7.3 
vs. 14.2%) and rescued embryo development to the blastocyst stage (25.0 vs. 16.9%) compared with PA-
group cultured in the absence of MitoQ. Day 8 blastocysts derived from the PA group had significantly (P 
< 0.05) higher mRNA expression of genes related to oxidative stress (CAT, 5.5 ± 3.1 folds; SOD2, 3.4 ± 
0.4; but not GPx, 1.99 ± 1.03); mitochondrial UPR (HSPE1, 4.2 ± 1.6 folds, and HSPD1, 10.6 ± 5.8 
folds); and ER stress (ATF4, 2.2 ± 0.29 folds; ATF6, 25.99 ± 12.5 folds; and HSPA5, 10.7 ± 4.7 folds). In 
contrast, MitoQ supplementation to PA-embryos during culture significantly reduced the expression of 
the affected genes to control levels (P > 0.05). For oocytes matured in control conditions, MitoQ 
supplementation during culture had no significant effects on development and gene expression patterns (P 
> 0.1). In conclusion, these results provide further evidence that mitochondria play a central role in the 
pathogenesis of reduced oocyte developmental capacity under metabolic stress. Mitochondrial-targeted 
therapy (MitoQ) during early development of embryos derived from metabolically-compromised oocytes 
may be an efficient tool to reduce cellular stress level and maximize embryo development to the 
blastocyst stage. Further investigations are in progress to examine the quality of the rescued embryos. 
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Mitochondria are the most abundant organelles in the mammalian oocyte and early embryo, where they 
serve relevant metabolic and signal transduction functions. Oocyte´s mitocondrial DNA (mtDNA) content 
increases during folliculogenesis and it has been positively linked with fertilization outcomes following 
IVF in humans, bovine and pigs. Cumulus cells are closely associated with the oocyte they nourish and 
may constitute a valuable biological material to perform non-invasive assays of oocyte´s developmental 
competence. The objective of this study has been to determine whether oocytes exhibiting a diverse 
developmental competence following individual in vitro maturation (iIVM), fertilization (iIVF) and 
culture (iIVC) exhibit differences in the mtDNA content of their cumulus cells. Cumulus-oocyte 
complexes (COCs) were obtained from slaughterhouse ovaries aspirating 2 to 8 mm follicles. Following 
conventional morphological COCs selection, iIVM was performed in 10 µl drops of maturation medium 
(TCM199 supplemented with 10 ng/ml EGF, 10% serum and gentamicin) covered by mineral oil. 
Following maturation, cumulus cells were removed by pipetting in a 0.1% hyaluronidase solution in PBS. 
Cumulus cells were pelleted by centrifugation at 1500 g for 5 min and pellet was snap frozen and stored 
at -80 ºC until analysis. Denuded oocytes were individually fertilized and cultured in 40 and 10 µl drops, 
respectively, covered under mineral oil. For mtDNA analysis cumulus cells samples were sorted in three 
groups based on the developmental competence of their corresponding oocyte following iIVF and iVC: 1) 
uncleaved (n = 15), 2) cleaved but not reaching the blastocyst stage (n = 15), and 3) developed to 
blastocyst (n = 11). Cumulus cells DNA was extracted by Picopure and mtDNA was quantified by qPCR 
using specific primers for the mitocondrial gene ND1 and the autosomal gene RN18S1, used to normalize 
mtDNA copy number to the number of cells present in the sample. Relative mtDNA abundance did not 
differ between the different groups analyzed (1.08 ± 0.17 vs. 1 ± 0.14 vs. 1.12 ± 1.7 for oocytes resulting 
in not cleavage, cleavage arrest or blastocysts, respectively: mean ± s.e.m., ANOVA p > 0.05), suggesting 
that cumulus cells mtDNA is not predicitive of oocyte developmental ability under these conditions. 
This work and AMM have been supported by the project IND2017/BIO-7748 by Madrid Region 
Government. ILT is supported by a FPI contract and PBA by a Ramón y Cajal Contract from the Spanish 
Ministry of Economy and Competitiveness. 
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Genomic selection is now routinely used to select the best animals for breeding. Basically the same 
method can also be used to select the best embryo. Since the process of genomic selection (i.e. 
genotyping and breeding value estimation) takes a few days, the embryo need to be frozen. Good 
pregnancy results are already obtained using biopsied flushed embryos after slow freezing with Ethylene 
Glycol (Ponsart Reprod Fertil Dev., 26, 12-21, 2013). However, when using IVP embryos, pregnancy 
rates are too low for commercial use (30% compared to 50%). Here we tested if vitrification of IVP 
embryos after biopsy give pregnancy results that are good enough to use the method in a commercial 
setting. IVP embryos are made from OPU derived COCs using standard production method of our 
company CRV (Merton, Reprod Domest Anim. 47, 1037-42, 2012). At day 7 quality 1 and 2 embryos are 
biopsied using the blade biopsy method. The DNA in the biopsy is pre-amplified and used for 
genotyping. The remaining embryo is vitrified using a mixture of Ethylene Glycol, DMSO and Ficoll. 
The CVM Vitrification Block and CVM Fibreplugs™ with sleeves were used as vitrification method. The 
embryos are placed for 2 minutes in a 7,5% EG/DMSO solution and 40 sec in a 15% EG/DMSO/Ficoll 
solution. Subsequently, the embryo is transferred on the nylon hook of the fibreplug in a total volume of 
1,5µl and plunged into the LN and stored. Before transfer the embryos are thawed in a 3 step washing 
method using base medium containing Fetal Calf Serum and a decreasing percentage of sucrose. Embryos 
(53 quality 1 and 57 quality 2) were transported at a temperature of 25ºC and subsequently transferred to 
recipient animals on 5 different farms. Pregnancy rates are scored at 3 months after transfer of the embryo 
by ultrasound scanning. The results indicate that good pregnancy results are obtained from both quality 1 
(55%) and quality 2 (44%) embryos. These pregnancy data are not different from those obtained with 
non-biopsied embryos (results not shown). As expected quality 1 embryos seem to give a higher 
pregnancy rate compared to quality 1, but numbers are yet too low to obtain a statistical significant 
difference. 
We conclude that using vitrification as freezing method for biopsied IVP embryos, good pregnancy rates 
can be obtained (especially for quality 1) and can be used in a commercial setting. 
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Techniques to cryopreserve bovine IVP embryos include vitrification/warming (V/W) and 
freezing/thawing (F/T). V and F differ in cryoprotectant concentration, cooling rates, and both may 
differently affect embryo physiology and survival. In this study we analyze whether calves born from 
V/W and F/T differ in metabolism and health status. Embryos were produced in vitro from 
slaughterhouse oocytes, fertilized with N = 3 bulls (2 Holstein and 1 Asturiana de los Valles –AV-) and 
cultured in SOFaaci as described (Gómez et al, Reprod Fertil Dev, 29:1932-43; 2017). Subsequently, 
expanded blastocysts were subjected to V/W (Gómez et al, 2017), or to F/T with an ethylene-glycol based 
method modified from Sanches et al, 2016 (Theriogenology, 85:1147-51). In experimental herd, N = 34 
embryos were singly transferred to recipient heifers (Holstein, AV and their crosses), within replicates of 
N = 5-7 embryos in order to obtain age- and sire-matched calves. Gestation was allowed to end without 
calving induction. At birth, calves suckled colostrum from mothers ad-libitum. Clinical examinations and 
blood samples were taken 1-4 h after feeding (Day 0), and subsequently at fixed times (10 a.m. on days 
15 and 30 of life). Blood was collected in vacuum tubes (lithium heparin) from jugular vein and directly 
analyzed in a Vetscan i-STAT One analyzer (Scil Animal Care, Madrid, Spain; CG4+ and Chem-8+ 
modules). Calves analyzed were N = 4 females and N = 4 males (V/W); and N = 5 males and N = 3 
females (F/T; with 1 male dead on Day 17). Data were analyzed by ANOVA, and Bonferroni and 
REGWQ tests for FDR. The following parameters were affected (P < 0.05) by treatment (F/T vs V/W): 
Heart rate (149 ± 5 vs. 136 ± 5 beats/min); pCO2 (39.4 ± 2.1 vs 44.6 ± 2.1 mmHg); packed cell volume 
(PCV; 22.6 ± 1.2 vs. 26.0 ± 1.2%PCV) and calculated hemoglobin (7.7 ± 0.4 vs. 8.8 ± 0.4). V/W tended 
to show higher values than F/T within HCO3, sCO2 and glucose (P < 0.10). Day x Treatment interactions 
(P < 0.03) were detected in T, Heart rate, respiratory rate, pCO2, pO2, base excess, HCO3, sCO2, sO2, Na+, 
glucose and creatinine. Day effects were identified between Day 0 vs. Day 15 and Day 30, whereby base 
excess, HCO3, sCO2, Na+, creatinine, PCV and hemoglobin decreased; conversely, calf body weight, PO2, 
sO2 and Ca2+ increased within both F/T and V/W (P values between < 0.02 to < .0001). Calf sex affected 
Cl-, PCV, hemoglobin and urea (P < 0.05), while appearance of conjunctival membrane, nasal secretions, 
K+, lactate and anion gap were not affected. Interestingly, all values were comprised between normalcy 
intervals described in previous calf studies. However, subtle epigenetic changes may underlie the 
differences observed between calves born from F/T and V/W embryos. Comprehensive metabolomics and 
genomics studies are in course. 
Acknowledgements: MINECO (AGL2016-78597-R) and FEDER; AM: SENESCYT-Ecuador-II Fase 
2013. COST Action 16119, In vitro 3-D total cell guidance and fitness (Cellfit). Principado de Asturias, 
Plan de Ciencia, Tecnología e Innovación 2013-2017 (GRUPIN 14-114). 
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The current method of embryo classification (IETS, 2013) is based on a static observation of in vivo 
derived embryos at day 7 post insemination (7 dpi). In vitro produced embryos (PIV) features impair their 
classification with this method. Morphokinetics is a powerful source of information to improve the 
comprehension of PIV embryo developmental behaviour. The objective of this study is to develop a 
methodology to read and predict different in vitro developmental potential of bovine PIV embryos by 
combinating morphokinetical parameters. Holstein embryos produced from oocytes recovered from 
slaughterhouse ovaries, in vitro fertilized with the semen of 4 different bulls and cultured for 8 days post 
insemination (8 dpi). Time lapse pictures were taken every 15 minutes throughout the culture period (672 
pictures/embryo; PrimovisionTM). The work was performed in 4 tasks (T): T1) identification of the 
profiles of in vitro development; T2) identification and standardisation of a reading method for bovine 
embryos morphokinetical parameters; T3) mathematical selection of a parsimonious subset of non-
correlated parameters and construction of a predictor through the application of a supervised learning 
approach combining regression and classification (Random Forest) and creation of a mathematical 
predictor of the embryo development profiles. A total of 172 embryos were observed. T1: 6 
morphokinetical profiles were retained: Arrested Embryos (AE: embryos without mitotic activity, 
showing signs of life); Dead Embryos (DE: embryos with all cells dead); Anarchic Embryos (ANE: 
embryos with abnormal morphological and/or kinetical development: some of these embryos can result in 
a blastocyst); Not Hatched Blastocysts (NHB: blastocysts not hatching by 8 dpi); Hatching Blastocysts 
(HB - blastocysts hatching in vitro from 7.3 dpi to 8 dpi) and Early Hatching Blastocysts (EHB - 
blastocysts hatching from 6 to 7.2 dpi). T2: a guideline was built to standardise reading of 116 parameters 
(i.e.: type, timing and duration of cell divisions and embryo cycles, LAG phase, cell degeneration, 
cytoplasmic particles, fragments, vacuoles,...); T3: a subset of parameters was selected and the 
mathematical predictor was built. The standardisation of the reading methodology is important to promote 
scientific exchange and study comparisons on the subject (to our knowledge this work resulted into the 
first morphokinetics reading guideline for the bovine PIV embryos). In addition, this initial work 
highlighted a new concept for the in vitro bovine embryo assessment and further valorisation: it takes into 
account the very early embryo’s dynamic behaviour to predict its further potential of development. The 
robustness of the algorythm is satisfactory. The specificity, sensitivity, PPV, NPV of the predictive 
algorithm range respectively in the intervals [0,944; 0,977], [0,640; 0,962], [0,724; 0,892], [0,931; 0,992] 
for the different profiles. This predictive method can be useful in the field to select embryos for transfer 
and for research (groups of embryos sharing potential and morphokinetic similarities). 
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Administration of long chain n-3 polyunsaturated fatty acid (n-3 PUFA) diet to dairy cows may impact 
oocyte quality (Elis et al, Animal Reproduction Science 164:121, 2016). Addition of docosahexaenoic 
acid (C22:6 n-3) during IVM led to higher blastocyst rate after IVF (Oseikria et al, Theriogenology 
85(9):1625, 2016) and significantly changed oocyte lipid content (Elis et al, J Ovarian Res 10(1):74, 
2017). The present objective was to compare lipid content of the oocytes from the dairy cows 
supplemented with n-3 or n-6 PUFA-enriched diet. Oocyte-cumulus complexes were aspirated by OPU 
after hormonal ovarian stimulation, from 18 primiparous Holstein dairy cows after 3 or 9 weeks of 
supplementation with 1% dry matter of either n-3 PUFAs (n = 9, micro encapsulated fish oil, OMG750®) 
or n-6 PUFA (n = 9, micro encapsulated soy oil, OMG Soy®) (Kemin). N-3 PUFA level in plasma and 
follicular fluid was measured after 2, 5 and 7 weeks of supplementation. Immature oocytes from n-3 and 
n-6 diet groups (60 and 61 oocytes, respectively) were denuded from CC and analyzed individually using 
an UltrafleXtreme MALDI-TOF/TOF instrument in positive reflector mode, with DHAP matrix. Lipid 
spectral profiles (3000 shots per spectra) were acquired for each oocyte. M/z peaks were detected in the 
range of 160 to 1000 m/z. Values of the normalized peak heights (NPH) were quantified and compared 
between the two groups by t-test with Benjamini-Hochberg correction. Multivariate Principal Component 
Analysis (PCA) was performed using differential NPHs. Lipids were identified by high-resolution mass 
spectrometry LC-MS or by direct infusion combined to top-down MS/MS analyses, and annotated 
according to Lipid maps database. Concentration of eicosapentaenoic acid (C20:5 n-3) and total n-3 
PUFA significantly increased in n-3 group, after 2 weeks of diet in plasma, and after 5 weeks in follicular 
fluid, as compared to n-6 group. Body weight and milk production did not differ. Lipid profiles of the 
oocytes showed significant difference between n-3 and n-6 diets (97 up-regulated and 91 down-regulated 
peaks, P < 0.05, fold change > 2). PCA allowed clear discrimination of n-3 and n-6 groups. 40 differential 
peaks were identified (496-827 m/z); among them 12 phosphatidylcholines (PC), 3 
phosphatidylethanolamines (PE, C36), 2 sphingomyelins (SM, C35) and lyso-phosphatidylcholine LPC 
22:4 were more abundant in n-3 oocytes, whereas 14 PC, PE 30:0, SM 34:1, two LPC (16:0 and 18:0) and 
two triglycerides (46:1, 47:1) were more abundant in n-6 group. These variations indicated profound 
changes in composition of several lipid classes from oocyte membrane and intracellular pool, occurring 
after only few weeks of n-3 or n-6 PUFA dietary supplement. These cellular lipid changes may influence 
oocyte capacity to develop better blastocysts after IVF in n-3 supplemented cows (see Elis et al, AETE 
2018), and highlight the importance of identifying beneficial oocyte lipid profile to improve embryo 
biotechnologies issues. 
Bovomega3 project was funded by Val de Loire Region, France. 



 Proceedings of the 34rd Meeting of the Association of Embryo Transfer in Europe (AETE); Nantes, France, 
September 7th and 8th, 2018. Abstracts. 

 

Anim. Reprod., v.15, n.3, p.603, Jul./Sept. 2018 603 

A288E  Support biotechnologies: Cryopreservation and cryobiology, diagnosis through imaging, molecular biology, 
and “omics” 
 

Effect of seminal plasma proteins from stallions of proven fertility on frozen epididymal 
sperm 

 
L.A. Vieira1,2, C. Matas1,2, J. Gadea1,2 

 
1Department of Physiology, International Excellence Campus for Higher Education and Research, University of 

Murcia, Spain, Murcia, Spain; 2Institute for Biomedical Research of Murcia IMIB-Arrixaca, Murcia, Spain, Murcia, 
Spain. 

 
 
Keywords: seminal plasma, stallion, epididymal sperm. 
 
The incubation of epididymal sperm with stallion seminal plasma could help to identify the components 
of the seminal plasma responsible for a beneficial effect or not on cryopreservation process of sperm. Our 
previous study showed that the preincubation of epididymal sperm with seminal plasma obtained from 
three different stallions (A, F, O) affected post-thaw sperm parameters differently. While two of them (F, 
O) improved post-thaw sperm viability and acrosome status of epididymal sperm, the other one (A) 
reduced these parameters compared to control. The aim was to determine the components of seminal 
plasma that could be involved in the improvement of the sperm parameters. Seminal samples from these 
stallions were evaluated using 2D-DIGE and liquid chromatography-mass spectrometry (LC-MS/MS) to 
discover the proteins involved in protecting spermatozoa during freezing. To our knowledge, this is the 
first report in the literature that compare the seminal plasma protein composition of several stallions. 
Seminal plasma was labeled using the kit AmershamCyDye DIGE Fluors (General Electric Healthcare 
España S. A., Madrid, Spain, ref. 25-8010-65) for two dimensional-fluorescence difference gel 
electrophoresis (2D DIGE). In each 2D gel, two samples were compared. Cy3 and Cy5 fluors were used 
for labeling each sample (A, F and O) separately, whereas Cy2 fluor labeled a mixture of both (A, F and 
O) and was used as normalization reference. Data were analyzed by one-way ANOVA followed by 
Dunnett´s multiple comparison tests (P < 0.05). Eight differentially expressed proteins were identified in 
seminal plasma samples. Four of them showed a higher expression in F and O samples which improved 
the frozen-thawed epididymal sperm parameters: 1) Cysteine-rich secreted protein 3; 2) Seminal plasma 
protein A3-like that belongs to the same family of Cysteine-rich secreted protein 3; 3) Thrombospondin 
type-1 domain-containing protein 7B; and 4) Seminal plasma protein 1 (P < 0.05). On the other hand, the 
other four proteins showed a higher expression in sample A that reduced the seminal parameters: 5) 
Polymeric immunoglobulin receptor, 6) Protein serum albumin precursor, 7) Kallikrein-1E2 precursor 
and 8) Matrix-remodeling-associated protein 5 (P < 0.05). Our results showed that some proteins from F 
and O seminal plasma were previously related to freezability (Cysteine-rich secreted protein 3 and 
seminal plasma protein A3-like), whilst A seminal plasma proteins (Polymeric immunoglobulin receptor, 
Matrix-remodeling-associated protein 5 and Kallikrein-1E2 precursor) suggest some alteration in the male 
genital tract. However, further in-depth research is needed to know what proportion of proteins, related to 
freezing, should be present in seminal plasma to be considered as a good freezability. 
Supported by Fundación Séneca, Saavedra Fajardo (20020/SF/16). MINECO-FEDER (AGL 2015-66341-
R). 
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The International Society for Embryo Technologies (IETS) was created in 1974. To meet the needs for 
specific regulation in terms of health safety, IETS created an Import & Export committee, chaired by R 
Mapletoft, in the early 80’s. A formal relationship between IETS and the World Organization for Animal 
Health (OIE) was then set up in 1987. With the development of new embryo technologies and the concern 
about the safety of animals produced with such technologies entering the food chain, the scope of the 
committee was expanded in 2000 under the initiative of M Thibier so as to include those issues, resulting 
in the current IETS Health and Safety Advisory Committee (HASAC, https://www.iets.org/ 
comm_hasac.asp). HASAC functions to advise the IETS Board members, IETS members and OIE. 
HASAC is composed of IETS members from academic, regulatory and industry sectors, under the 
direction of a chair nominated by the IETS Board of Governors (BoG) (current chair: Julie Gard, 
succeeding to F Fieni, P Chavatte-Palmer and M Thibier). Its aims are: - to review regularly and 
extensively the literature in order to evaluate potential risks, based on scientific evidence, with regard to 
international trade of embryos and human consumption of animal or animal products derived from 
embryo transfer and related technologies. - to provide guidelines such as codes of practice, 
recommendations and any information pertinent to the safe movement of embryos and safe introduction 
into the food chain of animal or animal products derived from reproductive biotechnologies without 
unduly restricting technological advances and commerce.- to communicate to IETS members all its 
achievements and upon acceptance by IETS BoG, to all the relevant International Agencies. Three 
HASAC subcommittees meet annually but work electronically throughout the year: 1. The Research 
subcommittee maintains and revises literature relevant to the animal health implications of current and 
emerging technologies. A large database, including an abstract, HASAC interpretation and conclusions on 
all publications examined, is updated each year. Based on these yearly evaluations, science-based 
recommendations are then handed for evaluation to the Regulatory subcommittee. 2. The Regulatory 
subcommittee examines new evidence provided by the scientific subcommittee and discusses whether 
current recommendations for the management of the risks potentially associated with embryos in terms of 
pathogen-embryo interactions should be modified. Any proposed modifications to alter text with regards 
to regulations and/or OIE recommendations are put forward to the BoG and, if approved, subsequently 
formally proposed to the OIE for incorporation into the Terrestrial Animal health Code. Commission 
members of OIE most often support the proposed amendments from IETS/HASAC before finally being 
voted on, and mostly accepted, by the OIE General Assembly. 3. The Manual, Forms and Certificates 
subcommittee develops, elaborates and publishes a code of practice providing guidelines to practitioners 
for managing their operations so that pertinent quality assurance standards will be met. Additionally, this 
committee creates and maintains recording and identification systems of embryos to ensure traceability. 
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Viruses can emerge unexpectedly in different regions of the world. These can induce negative 
consequences on reproductive performances. This paper presents an update on emerging diseases that 
may be of primary concern to ruminants and equids and whose impact should therefore be monitored in 
the context of the European embryo trade. Development of artificial insemination (AI) together with 
embryo cryopreservation has led to international trade of cattle germplasm for more than 60 years. 
Although experimental data show that many animal pathogens can be associated with semen and 
embryos, risk of disease transmission can be substantially reduced or eliminated by applying sanitary 
protocols recommended by the International Embryo Transfer Society (IETS) and the World 
Organization of Animal Health (OIE). The basic principle to ensure such a high level of biosecurity for 
semen relies on the concept of pathogen-free semen collection center. In the case of embryos, practical 
guidelines have been published in the manual of IETS in order to provide risk management procedures 
ensuring the safety of herds using embryo transfer, and embryo washing procedures which are the most 
effective means of reducing the number of microorganisms associated with germplasm. Although transfer 
of bovine embryos is much less likely to result in disease transmission than transport of live animal, the 
sanitary risk associated with bovine embryo transfer remains the subject of scientific investigations and 
adaptations of national and international legislations (OIE). Concerning transmission risk via ET, the 
IETS HASAC Committee reviews scientific publications on an annual basis and updates a complete set of 
more than 400 references, which can be consulted on their website (www.iets.org). All diseases and 
pathogenic agents have been placed into one of four categories (category 1 to 4) based on the amount of 
research indicating the likelihood of disease control through the use of embryo transfer. For category 1 
diseases, risk of transmission of a given disease from donor to recipient via an embryo is negligible, 
providing biosecurity measures described for handling embryos, material disinfection, and animal health 
requirements (semen, donor, and recipients). For category 4, no conclusions are yet possible with regard 
to the level of transmission risk, or the risk of transmission via embryo transfer might not be negligible 
even if the embryos are properly handled according to the IETS Manual between collection and transfer. 
This paper will present the epidemiological situation in Europe of (re)emerging viral diseases affecting 
ruminants and belonging to the different categories: Bluetongue (cat 1, 2, 4), Schmallenberg (cat 4), 
Lumpy Skin Disease (cat 4) and Foot-and-Mouth Disease (cat 1, 3) but also on some diseases affecting 
the equids: West Nile and Equine infectious anemia. 
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Workshop I: Sanitary and regulations on embryo transfer 
 

The constrains for a registered Embryo Transfer Team concerning bovine embryo 
importation and exportation 

 
H. Quinton 

 
Embryo production Department, Evolution, Noyal-Sur-Vilaine, France. 

 
 
The goal of international embryo trading is to allow safe exchanges of genes. That’s why they are only 
performed between registered Embryo Transfer Teams. Their responsibility is to guarantee health 
authorities and breeders that the embryos don’t carry contaminant pathogens and that the filiation of the 
calves born will be certified. This part of the workshop presents the practical, economic and 
administrative constrains in a French context as an example of the European one. All these constrains 
increase the cost of the exchanges, above all with no European Union countries. Consequently they limit 
their development. Practical constrains are not very difficult as they consist by following IETS 
recommendations. Administrative constrains are inevitable since they are verified during annual controls 
for the team’s approval. Some other ones could be minimize as, for example, health requirement for 
export outside European Union. Indeed each country has its own sanitary specifications even for the same 
disease. Thus, a huge progress will be noticed if all countries could follow the same OIE 
recommendations! Meanwhile a specific production for each country must be done. It is then more 
important to select good donors to maximise the chances and having sufficient number of embryos to 
limit health tests expenses. 
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Workshop I: Sanitary and regulations on embryo transfer 
 

Consequences of sanitary issues (diseases outbreaks) on bovine semen exportations from 
Europe to third countries: history and current situation 

 
O. Gerard 

 
ALLICE, MNE, Paris, France. 

 
 
Today, most of European Members States (MS) involved in bovine genetic or genomic selection are also 
trading germinal products (GP) all over the world. Exchanging semen and embryos is easier and safer 
than dealing with live animals and can provide incomes allowing to keep the cost of selection schemes 
more reasonable and to manage semen stocks. It allows customers to get access to a wider range of sires 
and provides sanitary guarantees since GP are produced according to high sanitary regulation standards. 
However, commercial competition with traditional exporting countries such as USA, Canada is very 
tough. Main criteria taken into account for buying are genetic merit of the sires, biological quality of the 
products (fertility) and their sanitary safety brought through the respect of EU Directives (88/407, 
43/2003), of OIE recommandations and of IETS procedures. Despite the full respect of the regulation, 
MS had to face various and unexpected emergent diseases during the last 20 years such as Foot and 
Mouth Disease (FMD) during 2001, Blue Tongue Virus (BTV 1 and BTV8) in 2006/2007 and then again 
in 2015, Schmallenberg disease (SBV) in 2012 and for France Blue Tongue again (BTV4) in 2017. These 
different outbreaks were linked to drops in volumes of semen sold from MS to third countries. (Eurostat: 
http://epp.eurostat.ec.europa.eu/newxtweb/). Surprisingly, this negative impact was rather moderate and 
short in time even if some third countries took benefit of the situation to stop importations from EU MS. 
This is still the case of USA, Canada, China and Mercosur who deny the reliability of the RT-PCR test to 
detect the presence of viral RNA in semen of seropositive bulls. This could be considered as a technical 
barrier to trade. The positive impact of such outbreaks was to prompt MS to find common solutions to 
carry on exporting GP: health certificates were renegotiated with most of third countries and adapted, 
SBV additional declarations were proposed and new diagnostic tests were developped. Cooperation 
between MS was reinforced and the role of the EU Commission and of OIE was strenghtened. Regarding 
Blue Tongue, the experience of 2006 was useful to manage and cope with the new outbreaks of 2015 and 
2017 in France. Today, new sanitary threats are surrounding EU 28 MS such as Lumpy skin disease in 
eastern Europe and Peste des Petits Ruminants in Bulgaria. This means that we have to remain vigilant all 
the time and to anticipate such negative situations. To do so, MS have to take benefit of their previous 
experiences and to carry on working in a joint and constructive way. 
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Workshop II: Preservation of IVP embryos  
 

Cryopreservation of IVP bovine embryos 
 

B.V. Sanches1, M.M. Seneda2,3, A.F. Zangirolamo2,3 
 

1Cogent IVF LLC, Hermiston, Oregon, United States; 2Department of Veterinary Clinics - University of Londrina, 
Londrina, Parana, Brazil; 3National Institute of Science and Technology for Dairy Production Chain (INCT–

LEITE), Londrina, Parana, Brazil. 
 
 
Keywords: cryopreservation, in vitro-produced embryos, bovine. 
 
The number of bovine in vitro produced embryos (IVP) has increased year by year. In 2016, a total of 
666,215 IVP embryos were produced, exceeding for the first time, the volume of embryos generated in 
vivo (Perry G. Embryo Technology Newsletter, 35:1-46, 2017). Also, 121,490 frozen embryos and 
326,623 fresh embryos were transferred. In the same year, 60,723 frozen embryos were transferred from 
the OPU-IVP bovine embryo in Brazil, while in the USA this number was 48,533. In this context, the 
total embryo production is sometimes higher than the number of embryos transferred, so the 
cryopreservation methods are a good alternative. However, differences have been reported regarding the 
freezability of Bos taurus vs Bos indicus IVP embryos. Studies have reported quantitatively higher lipid 
content rates in the indicus embryos rather than taurine counterparts. Despite the IVP advantages, 
cryopreservation represents a challenge for commercial laboratories and adaptations are necessary for 
each practice. The cryopreservation technique predominantly used for IVP embryos is vitrification. This 
ultra-rapid freezing process reduces cell damage caused by the formation of ice crystals but requires a 
high concentration of cryoprotectants. Moreover, it is necessary to be trained to perform a morphological 
evaluation of embryo quality before the loading process. Thereby, the process of thawing and the direct 
transfer (DT) of embryos to cows make the slow freezing protocol - method previously described for in 
vivo embryos - more efficient for IVP commercial use. The low concentrations of cryoprotectants are the 
main advantage of this technique since high concentrations are toxic to embryos. Also, the DT strategy 
has recently been performed by commercial laboratories, providing good embryo viability after thawing. 
A study conducted in Brazil with female Girolando donors (1/2 Gir and 1/2 Holstein) (Sanches, B.V. 
Theriogenology, 85: 1147-1151, 2016), compared pregnancy rates for fresh, vitrified or frozen IVP 
embryos. The conception rates obtained were 51.35 ± 1.87% (133/259) for the fresh embryos, 35.89 ± 
3.87% (84/234) for the vitrified embryos and 40.19 ± 4.65% (125/311) for the frozen directly transferred 
embryos. These data showed that IVP embryos with sexed semen could be directly transferred with 
similar conception rates to vitrified embryos. Thus, by facilitating logistics, this technique may become a 
more practical approach for the transfer of cryopreserved embryos in the field. Due to the promising 
results, the DT strategy has been applied in large-scale operations, mostly in the US and Brazil. Finally, 
shortly, while other companies will start using DT, it is likely to reach the point where most IVP embryos 
will be frozen, as is the case of semen industry. 
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Workshop II: Preservation of IVP embryos  
 

The challenge of vitrifying in vitro-produced porcine embryos 
 

C. Cuello, C.A. Martinez, A. Nohalez, I. Parrilla, M.A. Gil, E.A. Martinez 
 

Dpt. of Animal Medicine and Surgery, University of Murcia, Campus Mare Nostrum and IMIB-Arrixaca, Murcia, 
Spain. 

 
 
Keywords: vitrification, porcine embryo, in vitro-produced. 
 
Significant progress in pig embryo cryopreservation has been achieved since the development of 
vitrification as an alternative to slow-freezing, which has resulted ineffective in this species. Currently, 
high in vitro survival rates and promising reproductive performance after ET can be reached with vitrified 
in vivo-derived porcine morulae and blastocysts. Although piglets have been obtained from vitrified in 
vitro-produced (IVP) embryos, their vitrification ability is still far behind that of their in vivo-derived 
counterparts. The development of successful vitrification procedures for IVP porcine embryos would be 
relevant not only for the livestock industry, but also for banking genetically modified embryos from 
swine models of human diseases, which are of great importance for biomedical research. It is well known 
that some factors affect vitrification outcomes regardless the origin of the embryo (in vivo or in vitro) 
such as the embryonic stage, the concentration and type of cryoprotectants, the vitrification device or the 
equilibration temperatures. However, two main aspects make the IVP embryos particularly sensitive to 
vitrification: A higher lipid content and a much poorer quality compared to in vivo-derived ones. Several 
studies have focused on the importance of embryo lipid content and its relation to vitrification tolerance. 
In this regard, piglets have been obtained after transfer of parthenogenetic and IVM/IVF embryos 
subjected to delipidation by micromanipulation. However, protocols that involve zona pellucida 
disruption should be avoided for sanitary reasons. Thus, stimulation of lipolysis with chemicals agents 
such as forskolin, has been proposed as an interesting and efficient tool to decrease the lipid content that 
hinder vitrification, while maintaining the zona pellucida integrity. With respect to the quality of 
embryos, many supplements have been added during in vitro embryo production in order to improve 
embryo quality and therefore the embryo vitrificability. Among them, those compounds protecting IVP 
embryos against oxidative stress during in vitro culturing and vitrification-warming procedures, such as 
L-ascorbic acid, seem to be key to improving vitrification efficiency. Also, the length of the in vitro 
culture, which is related to the embryonic stage, influences the quality of IVP embryos and, consequently, 
the vitrification efficiency. Finally, the high incidence of polyspermic penetrations in porcine IVF, which 
is still an unsolved problem, is a factor that should be taken into account. In this respect, the selection of 
monospermic embryos would be advisable when vitrification is to be performed. In this workshop we will 
discuss all these aspects related to the vitrification of IVP porcine embryos based on our results and also 
on those from other researchers working in this field. 
Supported by MINECO-FEDER (AGL2015-69735-R) and Seneca Foundation (19892/GERM/15). 
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Workshop II: Preservation of IVP embryos  
 

Effects of (cryo)preservation on the quality of in vitro produced embryos 
 

C. Wrenzycki 
 

Clinic for Veterinary Obstetrics, Gynecology and Andrology, Justus-Liebig-University Giessen. 
 
 
Numerous studies have shown in vitro produced embryos to differ from their in vivo produced 
counterparts in terms of timing of development and morphology, metabolism, cell number, gene 
expression patterns and also their chilling sensitivity and their ability to survive cryopreservation. 
Cryopreservation of gametes and embryos is a crucial step for the widespread application and 
conservation of animal genetic resources. Differences between cryopreservation methods can be seen for 
the first time after cryopreservation in re-expansion and hatching rates. Therefore, comparisons between 
slow cooling and vitrification methodologies have mainly been drawn at a morphological level. However, 
the effect of cryopreservation on the quality of in vitro produced embryos is also clearly reflected at the 
molecular level. Over the last two decades it was possible to increase survival rates after 
thawing/warming by a multiple number of improvements. However, results for post-preservation survival 
vary immensely. Efforts to improve survival rates were mainly restricted to altering the IVC media or to 
modifications of the cryopreservation method itself. Additionally, an effect of the age and developmental 
stage of the embryo has been determined. As vitrification alters fewer transcripts than conventional 
cryopreservation, it seems to be the more favourable method for cryopreservation of embryos produced in 
a SOF-based culture system. Comparing vitrification media supplemented with or without DMSO, it was 
shown that DMSO-containing media result in an increased number of surviving bovine IVP embryos 
compared to DMSO-free media. Nevertheless, these embryos show a reduced quality at the molecular 
level. Due to lower pregnancy rates after transfer of biopsied and cryopreserved embryos especially when 
they are generated via in vitro production (IVP), an alternative preservation method also needs to be 
developed. Liquid preservation employing FBS might fulfill the requirements as shown recently. 
Despite all the refinements, fundamental research is still needed to improve the results mainly with in 
vitro produced embryos, especially after biopsy, and oocytes. 
The financial support of the HW Schaumann Foundation and the Förderverein für Bioökonomieforschung 
e.V. (FBF) is gratefully acknowledged. 
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