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From the SBTE President 
 
Dear Colleagues, 
 
Welcome to 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE) in beautiful Natal, RN. Our 
main aspiration is to maintain the scientific quality that we have all became used to, while at the same time adapting 
to new demands of the Society. The cutting-edge science, brought by the various speakers and participants, inspiring 
environment of the ocean and many opportunities for scientific, social and business interactions will no doubt make 
it a very productive meeting. I am sure that this year’s meeting will be one of the best, because of the exciting and 
well balanced program, that scientific committee chair Roberto Sartori along with the members of the program 
committee have put together.  
 
As you know, the main focus of the Society is to fulfill both the interests and needs of its members. Then, we invite 
you to suggest or indicate the strengths and the weakness of the SBTE and the meeting itself to any of individual 
director. Your opinion is very important to us, after all, SBTE remains a member-drive society that requires your 
continuous input if we want to reach our full potential.  
 
As in the past, this meeting depends on the full support and involvement of our partner companies as well as our 
sponsors CNPq and CAPES, to whom we are deeply grateful.  
I also want to thank all the speakers who have agreed to attend this meeting and share their last findings with us 
helping to make the meeting a great success. 
 
This meeting turned in to a reality as a result of the hard work and dedication of the all SBTE Board of Directors, 
Roberto Sartori, Alexandre Garcia, Regivaldo Sousa, Mauricio Peixer, Mauricio Franco, Bianca Silva, Marcelo 
Nogueira, Ligiane Leme, José Carvalho, José Buratini, Carlos Alberto Zanenga and Osnir Watanabe. Their efforts 
regarding all SBTE issues have been extraordinary and they have been tireless. 
 
We hope that the ocean view and the warm reception will inspire productive interactions that will generate new 
research activities, new collaborations and good business. 
 
Enjoy the meeting and have fun on Natal Dunes! 
 
Margot Alves Nunes Dode, PhD 
President of SBTE  
(2014-2015) 
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From the scientific committee chair 
 
Greetings and welcome to the 28th SBTE Annual Meeting! The Scientific Committee is very happy with this new 
challenge, which is follow up the excellent job done by the preceding Committee. Therefore, we maintained most of 
the program structure for this year. We invited world-class speakers to lecture about up-to-date information on 
embryo technology-related fields. The novelty for this year is shorter time for presentations on the concurrent 
sessions on basic (science) and applied (technology) topics, but more time for discussions. We will encourage the 
audience to participate and engage more on debates. The opening ceremony will have the traditional talk from the 
IETS President, plus some history of SBTE, but from the field (Veterinary) point of view. The main program will 
have three plenary sessions, and six sessions: The Oocyte, The Embryo, and The Uterus (“SBTE Science”), and The 
Donor, Emerging Technologies, and Health (“SBTE Technology”). For the plenary sessions, speakers were 
carefully picked to deliver contents of general interest to the society. In the other sessions, attendees will choose 
between two concurrent sessions, one focused on more basic aspects (“SBTE science”) and the other emphasizing 
the more applied aspects (“SBTE technology”) of that session’s topic. For this year, we are innovating for the 
student’s competitions that will be also separated (SBTE science and SBTE technology). Special emphasis must be 
directed to the pre-conference workshops. We will have five workshops, with novelties. 1. Artificial Insemination 
(with short talks and more time for discussions); 2. Small Ruminant Reproduction (with very exciting topics); 3. The 
Equine Workshop that was renewed to attract more of the horse reproduction community; 4. The In Vitro 
Fertilization Workshop, that will discuss several topics, including International Market and Embryo Import/Export; 
and 5. The 1st Workshop on Functional Genomics applied to Animal Reproduction. The SBTE wants to thank all 
members that sent their best work to be presented at this meeting. For the poster sessions, we are also changing a bit, 
having presentations divided within two days. Finally, SBTE wants to acknowledge the speakers, for putting a lot of 
effort on the preparation of excellent manuscripts and lectures to be delivered at this year’s meeting. We also want 
to thank all the SBTE team and especially, the Scientific Committee and all the reviewers that worked tirelessly and 
enthusiastically 24/7. This list includes all folks from the SBTE administrative board, abstract session coordinators, 
abstract reviewers, manuscript reviewers and scientific editors. Once again, SBTE thanks the editor and staff at the 
Animal Reproduction journal and the Colégio Brasileiro de Reprodução Animal, for their collaborative spirit and 
instrumental help on putting together this year’s meeting proceedings. We hope you find this volume informative 
and useful. See you in Natal! 
 
Roberto Sartori, PhD 
Chairman of the SBTE Scientific Committee 
(2014-2015) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

134 Anim. Reprod., v.11, n.3, p.134, Jul./Sept. 2014 

Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE),  
August 14 to 17th, 2014, Natal, RN, Brazil. 

 
 
SBTE Executive Board (2013-2015) 
Margot Alves Nunes Dode (President) 
José Buratini Junior (Vice-president) 
Regivaldo Vieira de Sousa (1st Secretary) 
Bianca Damiani Marques Silva (2nd Secretary) 
Alexandre Rossetto Garcia (1st Treasurer) 
Maurício Machaim Franco (2nd Treasurer) 
Marcelo Fábio Gouveia Nogueira (Communications Director) 
Maurício Peixer (Business Director) 
José de Oliveira Carvalho (Information Technology Specialist) 
Osnir Yoshime Watanabe (Industry Liaison) 
Carlos Alberto Zanenga (Veterinary Practitioners Representative) 
Roberto Sartori (Scientific Committee Chair) 
 
Proceedings General Editor 
Roberto Sartori 
 
Scientific Editor 
Hugo Pereira Godinho 
 
Workshop Chairs 
Gustavo Férrer Carneiro 
Hymerson Costa Azevedo 
José Fernando Garcia 
José Luiz Moraes Vasconcelos 
Maurício Peixer 
Yeda Watanabe 
 
Awards Committee Chairs 
José Buratini Junior 
José Luiz Moraes Vasconcelos 
Mário Binelli 
Milo Charles Wiltbank 
Roberto Sartori 
 
Manuscript Reviewers 
Anneliese de Souza Traldi 
Fabíola Freitas de Paula Lopes 
Guilherme de Paula Nogueira 
Jo Leroy 
João Carlos Pinheiro Ferreira 
João Henrique Moreira Viana 
José Buratini Junior 
José Eduardo Portela Santos 
José Luiz Moraes Vasconcelos 
Marcel Amstalden 
Margot Alves Nunes Dode 
Maurício Machaim Franco 
Rafael Sisconeto Bisinotto 
Reuben J. Mapletoft 
Ricardo Chebel 
Roberto Sartori  
William W. Thatcher 
 



 
 

 Anim. Reprod., v.11, n.3, p.135, Jul./Sept. 2014 135 

Abstract Session Coordinators 
Alexandre Henryli de Souza 
Eneiva Carla Carvalho Celeghini 
Felipe Perecin 
Fernanda da Cruz Landim 
José Buratini Jr. 
Manoel Francisco de Sá Filho 
Marcelo Marcondes Seneda 
Paula de Carvalho Papa 
 
 
Abstract Reviewers 
Alexandre Floriani Ramos  
Alexandre Henryli de Souza  
André Furugen Cesar De Andrade  
Anibal Ballarotti do Nascimento  
Anthony Cesar Souza Castilho  
Antônio Chaves de Assis Neto  
Bernardo Gasperin  
Bruna de Vita  
Carlos Antônio Carvalho Fernandes  
Cezinande Meira  
Christina Ramires Ferreira  
Claudia Barbosa Fernandes  
Claudia Lima Verde Leal 
Danila Barreiro Campos  
Edson Guimarães Lo Turco  
Eneiva Carla Carvalho Celeghini  
Ester Caixeta  
Evelyn Rabelo Andrade  
Fabiana Bressan  
Fabiana de Andrade Melo Sterza  
Fábio Lima  
Felipe Perecin  
Felipe Zandonadi  
Fernanda Landin Alvarenga  
Flávia Lombardi Lopes  
Gabriel Bó  
Gisele Zoccal Mingoti  
Gláucio Lopes  
Guilherme de Medeiros Bastos  
Guilherme de Paula Nogueira  
Guilherme Pugliesi  
Gustavo Martins Gomes dos Santos  
Henderson Ayres  
Hymerson Costa Azevedo  
Ian Martin 
Inês Cristina Giometti  
José Antonio Dell’aqua Jr.  
José Buratini Jr.  
José Nélio S. Sales  
José Ricardo Figueiredo  
João Carlos Pinheiro Ferreira  
João Henrique Moreira Viana  
Juliano Coelho da Silveira  

Katia Cristina Silva-Santos  
Klibs N. Galvão  
Leandro Maia  
Letícia Zoccolaro Oliveira  
Ligia Pegoraro  
Lindsay Unno Gimenes  
Liza Margareth Medeiros de Carvalho Sousa  
Luciano Andrade Silva  
Luiz Sérgio Almeida Camargo  
Manoel Francisco de Sá Filho  
Marcelo Bertolini  
Marcelo Fábio Gouveia Nogueira  
Marcelo Marcondes Seneda  
Marcos R. Chiaratti  
Marcílio Nichi  
Maria Denise Lopes  
Mateus Sudano  
Mayra Elena Ortiz D`Avila Assumpção  
Mário Binelli  
Naiara Zoccal Saraiva  
Nelcio Antonio Tonizza de Carvalho  
Paula de Carvalho Papa  
Paulo Carvalho  
Rafael Augusto Satrapa  
Rafael Bisinotto  
Renata Simões  
Reno Roldi de Araújo 
Ricarda Maria dos Santos  
Ricardo Pimenta Bertolla  
Roberta Machado Ferreira  
Roberto Sartori 
Rodrigo de Andrade Ferrazza  
Rogério Ferreira  
Ronaldo Luis Aoki Cerri  
Rubens Paes de Arruda  
Rui Machado  
Sony Dimas Bicudo  
Thales Ricardo Rigo Barreiros  
Ticiano Guimarães Leite  
Vanda Santos  
Wanessa Blaschi  
Wilma de Grava Kempinas 

 
 
 



 
 

136 

Staff 
Alexandre 
Anaclady A
Anibal Bal
Camila Spi
Jéssica Nor
José de Oli
Leonardo d
Ligiane Le
Louise Hel
Monique M
Pedro Leop
 
 
Sponsors 
Coordenaç
Conselho N
Ministério 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Barbieri Prata 
Aguiar 
llarotti Nascim
ies 
ra Drum 
iveira Carvalho
de França e Me
eme 
len de Oliveira

Mendes Guardi
poldo Jerônimo

ão de Aperfeiç
Nacional de De
da Agricultura

mento 

o Neto 
elo 

a 
ieiro 
o Monteiro Jr 

çoamento de Pe
esenvolvimento
a, Pecuária e A

essoa do Nível
o Científico e T

Abastecimento (

l Superior (CA
Tecnológico (C
(MAPA) 

Anim. Re

APES) 
CNPq) 

eprod., v.11, n.3,, p.136, Jul./Sept. 2014 



 Anim. Reprod., v.11, n.3, p.137-140, Jul./Sept. 2014 
 

_________________________________________ 

1Corresponding author: gertecembrioes@uol.com.br 
Phone/Fax: +55(11)4034-0819 
Received: May 27, 2014 
Accepted: July 16, 2014 

Historical context of cattle embryo transfer technique in Brazil 
 

C.F.M. Rodrigues1 
 

Gertec Embriões, Bragança Paulista, SP, Brazil. 
 
 

Abstract 
 

This review presents the historical context of 
cattle embryo transfer (ET) technique in Brazil which 
led to a great progress on reproductive biotechnologies  
turning this country into a worldwide leader on 
production of bovine embryos. Commercial ET in 
Brazil began in 1978 with the work of two pioneers, Dr. 
Jorge Nicolau and Walter Becker. In the 1980s the ET 
technique became widespread being often used by many 
practitioners. However, the high variation between 
results indicated the need of interaction with more 
experienced technicians from abroad and with Brazilian 
researchers. Originally, there were regulatory 
restrictions on trade of hormones for superovulation, as 
well as low treatment response. In 1986, the first 
Brazilian Embryo Transfer Society (SBTE) meeting, 
held in Jaboticabal-SP, encouraged the search for better 
results. The goal of this meeting was to join 
distinguished researchers in the upcoming area of 
reproductive biotechnology with veterinary 
practitioners. This exchange was a success, leading to 
an outstanding utilization of reproductive 
biotechnologies by the Brazilian technicians. As a 
result, Brazil turned into a reference country in this 
technology. In 1985, the first Brazilian calf derived 
from frozen embryo was born in Sertãozinho, SP. This 
was followed by an improvement on embryo holding, 
freezing/thawing protocols. There are challenges, but it 
is irrefutable that we have refined the technology of 
embryo manipulation and genetic improvement. Those 
achievements are due mainly to the closer relationship 
between the academy, through its researchers, and the 
veterinary practitioners. Working together is the most 
efficient way to provide an outstanding environment for 
reproductive biotechnology innovation in Brazil. 

 
Keywords: development, embryo transfer, techniques. 

 
History 

 
The first commercial bovine embryo transfer 

(ET) set up in Brazil was established in the seventies. In 
1978, two contemporary and independent attempts of 
non-surgical embryo collections followed by surgical 
transfers were performed, both using Bos taurus donors 
with fresh embryos transferred to synchronized 
recipients. These two pioneers, Dr. Jorge Nicolau 

(DMV) at Fazenda São Pedro, Sorocaba, SP, and Dr. 
Walter A. P. Becker transferred fresh embryos. 

A year later, Dr. Aurelino Menarin Jr., in 
collaboration with the University of Colorado, initiated 
the use of ET at Campo Verde Farm in Senhor do 
Bonfim, Bahia, resulting in the birth of five Nelore 
calves. This was the earliest ET report in this breed.  

The 80s were considered as a landmark in 
expansion and establishment of ET in Brazil. More and 
more veterinarians were interested in applying ET in 
their routine. However, initial results were still variable 
and inconsistent which indicated the need for further 
research. Moreover, the knowledge exchanged with 
professionals from other countries was extremely 
helpful in order to dissipate possible doubts regarding 
technical issues. These, were the key factors for the 
maximization of the reproductive potential of donors 
with high genetic value.  

Superovulation programs aiming to increase 
the number of viable structures with high probability to 
generate pregnancy were initially performed using 
pregnant mare serum gonadotrophin (PMSG; Maturon - 
Laboratório Organon do Brasil). The work developed by 
Elsden el al. (1976) indicated that a combination of 
luteinizing and follicle stimulating hormones (FSH/LH; 
FSH-P; Burns- Biotec Laboratories Inc., Omaha, NE) 
generated a greater number of viable embryos as 
compared to PMSG. However, this hormonal 
combination was not commercially available in Brazil. 
Therefore, most of the superovulations in those days 
were performed using human menopausal gonadotropin 
(hMG), product with equal amounts of FSH and LH, 
available for human. Nevertheless, results were still 
inconsistent. 

Among the limitations of superovulation 
hormonal programs, one can highlight the high cost of 
PMSG therapy. This drug was commercially available 
for human, and was expensive at the dose required for 
bovine. The hormone FSH-P, produced in the United 
States, was not regulated in Brazil. Some of these 
reagents were blocked in the airports customs leading to 
significant economic losses to several field 
professionals with works already in progress. In 1995, 
FSH-P was no longer produced. In the late 80s and early 
90s, the imports of two commercial FSH-based products 
were regulated, Foltropin-V (Vetrepharm, London, 
Ontario) and Pluset (Hertape-Calier), allowing the 
intensification of studies on bovine superovulation.
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After the standardization on the use and dosage of both 
products, results became more consistent and 
productive. In this context, studies began to focus on 
embryo cryopreservation aiming to improve the logistic 
of ET and to create cryopreserved embryo banks.  

In 1985, after several attempts, the first Nelore 
calf originated from a cryopreserved embryo was born 
due to the efforts of the technical staff of Lagoa da 
Serra, using 10% of Glicerol (1.4 M) and decreasing 
concentrations of glycerol (0.7, 0.5 and 0.25 M) during 
the dehydration and rehydration (Leibo and Mazur, 
1978).  

Considering that the final goal was to enable 
embryo trade similar to that routinely used for semen, it 
was important to simplify the processes of freezing, 
thawing and non-surgical transfer. Therefore, in 1985 
Lagoa da Serra invested in a one-step technique of 
embryo cryopreservation/transfer (Leibo, 1984). This 
technique consisted in cryopreserving embryos in straws 
containing both glycerol and sucrose. Embryos were 
cryopreserved in glycerol 10% and, while filling the 
straw with the dehydrated embryo, two columns of 
sucrose, extracellular cryoprotectants, were added to the 
extremities of the straw. During thawing, the columns 
(embryo + 10 glycerol, sucrose) were gently 
homogenized; the embryo in contact with the sucrose 
would initiate the rehydration process. After 10 min, 
embryos were then transferred to previously 
synchronized recipients. However, while encouraging 
results were obtained with Bos taurus embryos, the 
same could not be observed in Bos indicus embryos.  

In July 1986, the first annual Brazilian Embryo 
Technology Society (SBTE) meeting held at the 
Faculdade de Ciências Agrárias e Veterinárias (FCAV-
UNESP), in Jaboticabal, SP, demonstrated that embryo 
transfer biotechnology was already a reality in Brazil. 
Several studies were presented by distinguished 
researchers, sharing questions regarding their ET field 
trials. Researchers such as Roberto A. de Bem, Luiz 
Eustáquio L. Pinheiro, José Luiz Rodrigues, Cesar R. 
Esper, Ricardo M. Gregory, Joaquim Mansano Garcia 
among others, together with experienced field 
professional such as Jorge Nicolau, Roberto Jorge 
Chebel, Carlos Fernando Marins Rodrigues, Douglas B 
Gaetti and Teodoro Vaske, discussed issues that, at that 
moment, would dominate the future application of the 
technique. An interesting example was the in vitro 
maturation of bovine embryos, project developed by the 
team led by Prof. Joaquim Mansano Garcia (Garcia et 
al., 1986).  

At the end of the 80s, sophisticated procedures 
were incorporated to the ET routine such as the embryo 
bipartition technique. Several research groups dedicated 
their time to this technolog allowing the production of 
identical twins and sex determination through embryo 
micromanipulation (Lopes et al., 2001).  

In the early 90s, standardization of ultrasound 
procedure for reproductive purposes (Kastelic et al., 

1990) allowed determination of fetal gender (Curran, 
1992), embryo and fetal development, embryo loss and, 
follicular dynamics leading to the development of new 
knowledge, new paths, new technologies and protocols. 
In this scenario, Brazil began to master the technique of  
in vitro fertilization (IVF). In 1993, a group led by Prof. 
Enoch Borges de Oliveira, from FCAV-UNESP, 
Jaboticabal, produced the first calf by IVF in Brazil. 
Oocytes used in this study were collected from ovaries 
obtained from slaughterhouse cows. 

Based on studies developed in Canada by Dr. 
Roger Sauve, in 1995, efforts were made to obtain 
oocytes by ultrasound guided follicular aspiration. This 
resulted in the birth Brazilian commercial product using 
this technique in 1997. 

In 1996, Gertec Embriões, Beabisa Agricultura 
and Fundação de Amparo à Pesquisa do Estado de São 
Paulo (FAPESP) supported the first commercial IVF 
laboratory (Rodrigues and Garcia, 2000) at Fazenda 
Suíço, Pitangueiras, SP. This project was coordinated by 
Prof. Joaquim Mansano Garcia at FCAV-UNESP 
Jaboticabal. Doctors André Dayan and Yeda Watanabe 
also participated in such effort. They would later found 
the Vitrogen in 1998, which was a determining factor 
for growth of the field application of IVF and ET in 
Brazil.  

The establishment of ET and IVF in Brazil 
(Viana et al., 2012) has been related to several factors 
such as the high potential of Zebu breeds as oocyte 
donors, considerably superior than European breeds. 
Also, the fact that hormonal treatment and 
superovulation protocols were not required to obtain 
sustainable pregnancies, together with the possibility of 
using aged females or those that no longer respond to 
superovulation protocols, allowed the growth of these 
reproductive technologies. The advantages were also 
clear due to the availability of recipient females, 
creation of genetic improvement programs, the valuing 
of top animals in auctions and the leadership on beef 
exportations. These facts also increased the number of 
professionals providing such service. This scenario 
contributed to the Brazilian world leadership on IVP, 
especially in Bos indicus breeds. 

In this context, the use of sexed semen allowed 
an impressive growth on IVP. In 2011, 318,000 IVP 
embryos were produced in contrast to 35,563 embryos 
produced by superovulation. In the next year, Brazil had 
86% of the IVP embryos produced worldwide 
(International Embryo Transfer Society - IETS, 2013).  

 
Final considerations 

 
What are the perspectives for the Brazilian 

livestock genetic market? Currently, the 
biotechnological market trends highlight the importance 
of dairy breeds, with almost 70% of workload of field 
professionals, especially for Gir, Girolando, Holstein 
and Jersey breeds. 
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Brazil is the world supplier of Zebu genetic 
material. What are the reasons? Several factors are 
responsible for such scenario: 1) Brazil has the largest 
commercial Zebu herd in the world; 2) Highly 
capacitated Artificial Insemination and Embryo 
Transfer Centrals and in vitro fertilization laboratories; 
3) Governmental and Class programs for Genetic 
Improvement (EMBRAPA, ABCZ, USP); 4) 
Standardized distribution of agricultural inputs; 5) 
Academic and technical infrastructure; 6) Biosafety of 
the exported products; and 7) National tropical 
technology and experience.  

What are the reasons for the stagnation of the 
exports? 1) International prejudice and unawareness 
regarding the eradication of serious diseases such as 
foot and mouth disease in Brazil; 2) Brazil was listed as 
level 1 (low risk) on sanitary issues by the World 
Organisation for Animal Health (OIE), as stated on the 
OIE 80th General Session; 3) Sanitary protocols that are 
not practical and not viable (e.g., a protocol recently 
signed with Costa Rica) from the technical to the 
economical perspectives; 4) Lack of a strategic planning 
involving all the governmental levels. Several 
Ministries must be involved in a common objective 
since problems are related to logistic, commercial and 
income politics, institutional issues and compliance with 
current legislations.  

In 2013 the semen market traded 13 million 
straws. This represents an increase of 5.4% in 
comparison with 2012 (Associação Brasileira de 
Inseminação Artificial - ASBIA, 2013). This is 
especially due to the increase on sales of dairy breeds 
which increased from 4.9 to 5.3 million (9.6%). Even on 
beef breeds, an increase could be observed from, 7.4 to 
7.6 million of straws traded. Despite the reduction when 
compared to the year before, participation of beef 
breeds on sales are still the majority when compared to 
the dairy breed. The later, however, showed an increase 
from 39.6% in 2012 to 41.2% in 2013. 

A cause for apprehension is the drop on the 
sale of Nelore breed semen straws, with 11.74% on 
Nelore Padrão and 15.13% on Nelore Mocho. 
Leadership belongs now to the Angus breed with 44% 
of the beef market, with the Aberdeen Angus being 
responsible for a growth of 24.5% when comparing to 
2012. 

The importance of Zebu breeds for countries 
located in the tropics justifies such concern since 
investments are made with breeding programs and 
testing of highly reliable bulls. Because the investments 
on Angus breed are originated mostly on imports, such 
increase in this breed indicates economic losses to the 
country’s commercial balance. This increase occurred 
due to the increase of timed artificial insemination 
(TAI) in combination with the implementation of Bos 
taurus/Bos indicus cross breeding, aiming to produce 
meat with higher quality and consequent valuing of the 
final product.  

Embryo market has become a profitable 
activity worldwide, especially after the advantages 
provided by embryo cryopreservation. The interest of 
countries located in the tropics for dairy Zebu genetics 
has increased since 2005. This is mainly due to the 
continuous work of genetic improvement and bulls’ 
fertility and progeny testing developed by Embrapa, 
ABCZ and USP. As an example, the Girolando breed 
that contributes to 68% of the dairy animals in Brazil, is 
responsible for 80% of the milk produced. The Genetic 
Improvement Program in this breed started 17 years ago 
with the technical coordination of EMBRAPA Gado de 
Leite.  

Countries such as Panama, Costa Rica, 
Paraguay, Colombia, Bolivia, and Canada, have 
invested in the Brazilian genetics. However, our 
participation is still incipient, especially due to 
unfeasible sanitary protocols, both on technical and 
economic aspects.  

The development of new technologies is 
essential and fundamental to the growth and 
improvement of the existing animal genetics in our 
country. Biotechnologies such as cloning, transgenesis, 
animal selection based on molecular markers, all 
developed to improve the participation in a highly 
competitive market, still present a reduced commercial 
efficiency. However, we believe that this should be the 
current approach since reproductive biotechnologies 
have shown to increase the efficiency of genetic 
selection. These previous advances have occurred due to 
the pioneering efforts of two groups that worked 
together. On one side, researchers, developers of 
technical procedures and embryo production techniques; 
on the other side, field veterinarians, modifiers and 
adapters of techniques aiming to engage with the 
commercial reality of the rural producers. 
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Abstract 
 

The process of chromatin configuration 
remodeling within the mammalian oocyte nucleus or 
germinal vesicle (GV), which occurs towards the end of 
its differentiation phase before meiotic resumption, has 
received much attention and has been studied in several 
mammals. This review is aimed to highlight the 
relationship between changes in chromatin 
configurations and to both functional and structural 
modifications occurring in the oocyte nuclear 
compartment. During the extensive phase of meiotic 
arrest at the diplotene stage, the chromatin enclosed 
within the GV is subjected to several levels of 
regulation. Morphologically, the chromosomes lose 
their individuality and form a loose chromatin mass. 
Then the decondensed chromatin undergoes profound 
rearrangements during the final stages of oocyte growth 
in tight association with the acquisition of meiotic and 
developmental competence. Functionally, the discrete 
stages of chromatin condensation are characterized by 
different level of transcriptional activity, DNA 
methylation and covalent histone modifications. 
Interestingly, the program of chromatin rearrangement is 
not completely intrinsic to the oocyte, but follicular cells 
exert their regulatory actions through gap junction 
mediated communications and intracellular messenger 
dependent mechanism(s). With this in mind and since 
oocyte growth mostly relies on the bidirectional crosstalk 
with the follicular cells, experimental manipulation of 
large-scale chromatin configuration is discussed. Besides 
providing tools to determine the key cellular pathways 
involved in genome-wide chromatin modifications, the 
present findings will aid to the refinement of 
physiological culture systems that can have important 
implications in treating human infertility as well as 
managing breeding schemes in animal husbandry. 
 
Keywords: chromatin, cumulus cells, gap junctions, 
germinal vesicle, oocyte, transcriptional activity. 
 

Introduction 
 

The chromatin organization and architecture is 
a characteristic element of the process of oocyte 
differentiation in mammals (Luciano and Lodde, 2013). 
Oocyte development is characterized by impressive 

changes in chromatin structure and function within the 
nucleus, namely the germinal vesicle (GV). These 
changes are crucial to confer the oocyte with meiotic 
and developmental competences and they occur along 
the process of folliculogenesis, when gamete and 
somatic cells communicate through junctional and 
paracrine mediated mechanisms (Albertini et al., 2003).  

Dynamic changes in GV oocyte chromatin 
configuration have been described in mouse 
(Wickramasinghe et al., 1991; Debey et al., 1993; 
Zuccotti et al., 1995), rat (Mandl, 1962), human 
(Combelles et al., 2003; Miyara et al., 2003), monkey 
(Schramm et al., 1993), horse (Hinrichs and Williams, 
1997; Hinrichs and Schmidt 2000; Franciosi et al., 
2012), pig (Bui et al., 2007; Dieci et al., 2013), cattle 
(Fuhrer et al., 1989; Chohan and Hunter, 2003; Liu et 
al., 2006; Lodde et al., 2007), buffalo (Yousaf and 
Chohan, 2003), goat (Sui et al., 2005), sheep (Russo et 
al., 2007), dog (Jin et al., 2006; Lee et al., 2008; 
Reynaud et al., 2009), ferret (Sun et al., 2009), rabbit 
(Wang et al., 2009) and cat (Comizzoli et al., 2011). 
Although different patterns of chromatin organization 
have been defined in mammals, sometimes the 
nomenclature can be confusing, since it is not univocal 
in part due to some species-specificity. For example, 
Surrounded Nucleolus (SN) configuration - where 
chromatin forms a ring around the nucleolus - has been 
described in the mouse as well as and in other mammals 
(monkey, pig, rat and human) while this configuration 
was not evidenced in the horse oocyte where ‘fibrillar’, 
‘intermediate’ and ‘condensed’ configurations were 
documented (Franciosi et al., 2012), or in the bovine, 
where the highest degree of chromatin compaction is 
found in GV3 oocytes. Moreover, very often, different 
acronyms were used within the same species by different 
authors and this made data interpretation puzzling. 

Nevertheless, despite the species-specific 
patterning, the process of large-scale chromatin 
configuration changes seems to be a common process in 
mammals. In fact, what is clear is that the chromatin 
contained in the GV achieves a high degree of 
condensation and compaction passing through 
intermediate configurations, before the resumption of 
meiosis. Incidentally, it is worth stating that the GV3 or 
the SN configurations have been first described by 
Blackman in early 1900 in spermatocytes of millipedes
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named the ‘karyosphere’ (Blackman, 1903). The 
karyosphere “represents a transformation of meiotic 
chromosomes often occurring just prior to the 
completion of meiotic division”, and a similar structure, 
named karyosome, exists in Drosophila (King, 1970) as 
well as in other phylogenetically distant organisms 
studied so far, suggesting a well-conserved process 
between species during phylogeny (Gruzova and 
Parfenov, 1993). 
 

Significance of large-scale chromatin  
configuration changes 

 
Differences in chromatin configuration do not 

only refer to morphological modifications but also to its 
functionality (De La Fuente, 2006; Luciano and Lodde, 
2013). Several studies indicated that there is a 
relationship between chromatin configurations, 
transcriptional activity, epigenetic signature, 
characteristics of the ooplasm and oocyte competence 
and altogether these features are strictly associated one 
to each other. Importantly, a direct relationship between 
oocyte chromatin configuration and embryonic 
developmental competence has been ascertained in 
mouse (Zuccotti et al., 1998, 2002) and in cow (Lodde 
et al., 2007; Luciano et al., 2011). 

In growing mouse oocytes chromatin is 
initially decondensed in a configuration termed Non-
Surrounded Nucleolus (NSN; Mattson and Albertini 
1990; Debey et al., 1993; Zuccotti et al., 1995). With 
the subsequent growth and differentiation, chromatin 
becomes progressively condensed, forming a 
heterochromatin rim in close apposition with the 
nucleolus, acquiring a configuration termed Surrounded 
Nucleolus (SN; Mattson and Albertini 1990; Debey et 
al., 1993; Zuccotti et al., 1995).  

The morphological variances between these 
two types of oocytes have a biological relevance 
because NSN and SN configurations have been 
correlated with differences in follicle size, oocyte 
diameter and the age of the mouse (Mattson and 
Albertini 1990; Zuccotti et al., 1995, 1998). It has been 
demonstrated that the transition into the SN configuration 
correlates with the timely progression of meiotic 
maturation (Wickramasinghe et al., 1991; Debey et al., 
1993; Zuccotti et al., 1995) suggesting that SN oocytes 
may represent the more advanced stage of preovulatory 
oocytes (Mattson and Albertini 1990; Zuccotti et al., 1995, 
1998). Additionally, after in vitro maturation and 
fertilization, NSN oocytes are unable of development 
beyond the two-cell stage while SN oocytes are capable of 
development to the blastocyst stage (Zuccotti et al., 1998, 
2002). Differences in chromatin configurations have 
also been correlated with changes in transcriptional 
activity, with NSN oocytes transcriptionally active and 
SN oocytes associated with global repression of 
transcriptional activity (Bouniol-Baly et al., 1999; 
Christians et al., 1999; De La Fuente and Eppig 2001; 

Liu and Aoki, 2002; Miyara et al., 2003). 
In the cow, oocytes collected from early and 

middle antral follicles present four patterns of chromatin 
configuration (Fig. 1), from GV0 to GV3 characterized 
by progressive increase in condensation (Lodde et al., 
2007), transcriptional silencing (Lodde et al., 2008; 
Luciano et al., 2011), global DNA methylation (Lodde 
et al., 2009) and progressive histone H4 acetylation 
(unpublished data), as previously reported also in mice 
(Akiyama et al., 2004). As shown in Fig. 2, the GV0 
stage shows a diffuse filamentous pattern of chromatin 
in the whole nuclear area; the GV1 and GV2 
configurations represent early and intermediate stages, 
respectively, of chromatin remodeling, a process 
starting with the appearance of few foci of condensation 
in GV1 oocytes and proceeding with the formation of 
distinct clumps of condensed chromatin in GV2 
oocytes; the GV3 is the stage where the highest level of 
condensation is reached with chromatin organized into a 
single clump (Lodde et al., 2007). Importantly, oocytes 
with a GV0 configuration showed a very limited 
capacity to resume and complete meiosis I after in vitro 
maturation, while virtually all the GV1, GV2 and GV3 
oocytes were able to reach MII stage, despite their GV 
configuration. On the contrary, only a limited 
percentage of GV1 oocytes reached the blastocyst stage 
after in vitro fertilization, while GV2 and GV3 oocytes 
showed a higher embryonic developmental potential 
(Lodde et al., 2007). 

These results further support the general 
principle that meiotic and developmental competencies 
are acquired at sequential stages of oogenesis (Albertini 
et al., 2003), concomitantly with changes in large-scale 
chromatin structure (De La Fuente, 2006) and that 
chromatin remodeling can be considered a marker of 
oocyte differentiation and developmental competence. 

 
The progressive large scale chromatin remodeling 

relies on functional gap-junction mediated 
communications between oocyte and follicular cells 

 
During folliculogenesis oocyte growth and 

differentiation tightly depend on the establishment of a 
patent bidirectional communication between oocytes 
and companion granulosa cells mediated by 
heterologous gap junctions (Eppig, 2001; Matzuk et al., 
2002; Mehlmann et al., 2004). In mouse, previous 
studies indicate that the presence of oocyte-associated 
granulosa cells are required for the progressive 
repression of transcriptional activity in fully grown 
oocytes (De La Fuente and Eppig, 2001) and to promote 
the transition from NSN to SN configuration after 
gonadotropin stimulation (De La Fuente and Eppig, 
2001). This hypothesis is supported also by studies 
where gap junction mediated communications (GJC) 
between mouse oocyte and cumulus cells were 
interrupted, due to targeted deletion of the connexin 37 
gene (Gja4), and chromatin condensation associated
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with transcriptional repression failed to occur 
(Carabatsos et al., 2000). 

Coupling between oocyte and cumulus cells 
undergoes dynamic changes during follicle development 
and the patency of GJC between the two compartments 
decreases in parallel with the meiotic resumption of the 
oocyte (Eppig, 1982; Larsen et al., 1986, 1987). 
However, recent studies performed in the cow, horse, 
dog, cat and pig (Luvoni et al., 2001, 2006; Colleoni et 
al., 2004; Luciano et al., 2004; Dieci et al., 2013) 
indicated that morphologically healthy oocyte-cumulus 
cells complexes isolated from antral follicles without 
evident signs of atresia form a heterogeneous population 
characterized by different degree of GJC functionality.  

In the cow, the direct oocyte-granulosa cell 
communication through gap junctions seems a requisite 
for chromatin remodeling during the final phase of 
oocyte growth (Lodde et al., 2007; Luciano et al., 2011). 
This is supported by the evidences that, at the time of 
collection, the pattern of uncondensed chromatin in 
GV0 oocytes is associated with fully open GJC. On the 
contrary, the percentage of oocytes with functionally 
open communications significantly decreases with the 
increase of chromatin condensation, from GV1 to GV3 
oocytes (Lodde et al., 2007; Luciano et al., 2011), 
indicating that when oocytes reach the highest level of 
chromatin condensation, there is a greater probability of 
loosing coupling with follicular cells (Lodde et al., 
2007). On the other hand, the increase in chromatin 
condensation may represent a consequence of the 
premature interruption of the communication between 
the oocyte and follicular cells before final oocyte 
maturation, since the loss of GJC between the germ and 
somatic compartment has been related with early events 
of follicular atresia (Wiesen and Midgley, 1993). 
 

The manipulation of GJC functionality affects 
chromatin configuration and transcription through 

cAMP-mediated mechanism(s) 
 

The central role of GJC in the modulation of 
chromatin configuration, global transcriptional activity 
and developmental competence acquisition has been 
recently confirmed in bovine oocyte-cumulus cells 
complexes. The use of culture systems that prolonged 
GJC functionality sustained oocyte growth and 
permitted chromatin to gradually organize from GV0 to 
the GV1 configuration, thus allowing the oocyte to 
acquire the ability to mature and to be fertilized in vitro 
(Luciano et al., 2011). .Yet, when GJ functionality was 
experimentally interrupted with the uncoupler 1-
heptanol, chromatin rapidly condensed and RNA 
synthesis suddenly ceased. Interestingly, this effect was 
nullified by treatment with cilostamide, a specific 
inhibitor of the oocyte-specific PDE3, an enzyme-
degrading cAMP (Richard et al., 2001; Conti et al., 
2002; Sasseville et al., 2009), indicating that the 
functional status of GJC may affect both transcriptional 

activity and remodeling of large-scale chromatin 
configuration, potentially through cAMP-dependent 
mechanism(s; Luciano et al., 2011). 

Therefore, besides the well-characterized 
mechanisms of action by which cAMP is known to 
regulate meiotic resumption (Downs, 2010; reviewed in 
Bilodeau-Goeseels, 2011), these studies may suggest 
that cAMP could be also involved in controlling the 
activity of factors that modulate transcription and large-
scale chromatin remodeling during the final phase of 
oocyte growth and before the resumption of meiosis. In 
fact, since the preservation of a proper cAMP content in 
the oocyte even in the absence of functional GJC is able 
to prevent the abrupt condensation of the chromatin this 
makes cAMP the molecule that mostly mediates GJ 
action on the chromatin. 

Oocyte cAMP levels are sustained by 
endogenous adenylate cyclases and constitutively active 
G-protein-coupled receptors (Mehlmann et al., 2002). 
cAMP is generated also by cumulus cells and then 
transported into the oocyte through gap junctions 
(Anderson and Albertini 1976; Bornslaeger and Schultz, 
1985). The manipulation of intracellular cAMP 
concentration has been demonstrated to influence 
functional coupling between oocyte and cumulus cells; 
a decrease in cAMP was accompanied by a drop in 
functional coupling (Luciano et al., 2004; Thomas et al., 
2004). Several attempts have been made in order to 
mimic the physiological system in oocyte in vitro 
maturation taking into account the time for completing 
the developmental competence acquisition. These 
culture systems (namely pre-maturation systems) that 
precede in vitro maturation (Gilchrist and Thompson, 
2007; Gilchrist, 2011; reviewed by Bilodeau-Goeseels, 
2012) are based on the control of spontaneous meiosis 
resumption through the addition of either cAMP 
analogues or adenylate cyclase activator, PDE inhibitors 
(general or specific), or through a combination of these 
treatments. These treatments prevent the loss of 
cumulus-oocyte GJ mediated communications and 
increase oocyte developmental competence (Luciano et 
al., 1999; Guixue et al., 2001; Atef et al., 2005; 
Nogueira et al., 2006; Ozawa et al., 2008; Shu et al., 
2008; Nogueira and Vanhoutte, 2009; Albuz et al., 
2010; Luciano et al., 2011; Dieci et al., 2013; Lodde et 
al., 2013; Rose et al., 2013; Zeng et al., 2013; Richani 
et al., 2014). In several systems, the maintenance of a 
proper cAMP concentration seems to be the main 
requirement to promote regular chromatin transition 
thus endorsing oocyte differentiation (Vanhoutte et al., 
2007; Luciano et al., 2011; Dieci et al., 2013; Lodde et 
al., 2013). 
 

Chromatin manipulation in assisted  
reproduction technologies 

 
There is no doubt that the experimental 

manipulation of large-scale chromatin configuration in
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vivo and in vitro will provide a tool to determine the key 
cellular pathways and oocyte-derived factors involved 
in genome-wide chromatin modifications. However, 
assessment of large-scale chromatin configurations has 
also key implications in ARTs both in human and 
domestic mammals. It has been shown that different 
patterns of chromatin configuration are indicative of 
different metabolic properties, thus potentially 
representing a morphological marker to select a 
population of oocytes with different cultural 
requirements. Several studies support the notion that in 
vitro treatments aiming to improve the developmental 
capability of immature oocytes can have a different 
outcome with pre-maturation culture depending on the 
metabolic status of the oocyte at the time of its removal 
from the follicular environment (Nogueira et al., 2006; 
Vanhoutte et al., 2008, 2009). This has been confirmed 
also by morphological studies in the cow, which 
demonstrated that the pharmacological pre-maturation 
system can negatively affect oocytes obtained from 
medium antral follicles when compared with those 
isolated from earlier stages (Fair et al., 2002). 

It is of extreme importance to realize that 
attempts to manipulate in vitro large-scale chromatin 
configuration must be performed cautiously. In fact, 
even though it is true that the chromatin configuration 
of an oocyte is indicative of its developmental capability 

at the time of its collection from the follicle, 
pharmacological treatments forcing chromatin abruptly 
into a high-condensed state may not necessarily be 
beneficial to the oocyte competence, although 
fundamental in basic science-type investigation 
(Comizzoli et al., 2011). Therefore, the design of pre-
maturation strategies must take into account that 
chromatin condensation and spatial reorganization 
should occur gradually and orderly, recapitulating the 
process that normally occurs in vivo. For example, 
maintenance of a proper functional coupling between 
oocyte and cumulus seems to be crucial in sustaining an 
orderly chromatin condensation in vitro (Luciano et al., 
2011; Dieci et al., 2013; Lodde et al., 2013; Franciosi et 
al., 2014, Reproductive and Developmental Biology 
Laboratory, University of Milan, Milan, Italy, 
unpublished data). Thus, if coupling is prematurely 
interrupted - i.e., when oocytes have not yet acquired 
full competence and are still committed to accumulating 
transcripts and proteins - unexpected chromatin 
condensation can be triggered, thus preventing proper 
and gradual differentiation of large-scale chromatin 
configuration and function.  

In view of all given considerations, knowledge of 
the molecular mechanism(s) leading the oocyte to remodel 
its chromatin configuration under physiological conditions 
will be of great help for assisted reproductive technologies. 

 

 
Figure 1. Transcriptional activity, global methylation, histone H4 acetylation, meiotic and developmental 
competence in relation to chromatin configuration in the bovine oocyte. 
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Figure 2. Bright field and fluorescent images after Hoechst 33342 labeling of bovine oocytes with GV0 (A, A1), 
GV1 (B, B1), GV2 (C, C1), and GV3 (D, D1) configuration (see text for stage definitions). Arrows in the bright 
fields indicate the nuclear envelope. Scale bar: 50 mm. From: Lodde et al., 2007. 
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Abstract 
 

Oocyte maturation is a complex process 
involving nuclear and cytoplasmic maturation. The 
nuclear maturation is a chromosomal segregation and 
the cytoplasmic maturation involves the reorganization 
of the cytoplasmic organelles, mRNA transcription and 
storage of proteins to be used during fertilization and 
early embryo development. The mechanism of oocyte 
maturation in vivo and in vitro still are not totally 
understood. However it is generally accepted that the 
second messenger cyclic adenosine monophosphate 
(cAMP) plays a critical role in the maintenance of 
meiotic blockage of mammalian oocytes. A relative 
increase in the level of cAMP within the oocyte is 
essential for maintaining meiosis block, while a 
decrease in cAMP oocyte concentration allows the 
resumption of meiosis. The oocyte cAMP concentration 
is regulated by a balance of two types of enzymes: 
adenylate cyclase (AC) and phosphodiesterases (PDEs), 
which are responsible for the synthesis and degradation 
of cAMP, respectively. After being synthesized by AC 
in cumulus cells, cAMP are transferred to the oocyte 
through gap junctions. Thus, specific subtypes PDEs are 
able to inhibit or attenuate the spontaneous meiotic 
maturation of oocytes with PDE4 primarily involved in 
the metabolism of cAMP in granulosa cells and PDE3 
in the oocyte. Although the immature oocytes can 
resume meiosis in vitro, after being removed from antral 
follicles, cytoplasmic maturation seems to occur 
asynchronously with nuclear maturation. Therefore, 
knowledge of the oocyte maturation process is 
fundamental for the development of methodologies to 
increase the success of in vitro embryo production and 
to develop treatments for various forms of infertility. 
This review will present current knowledge about the 
maintenance of the oocyte in prophase arrest, and the 
resumption of meiosis during oocyte maturation, focusing 
mainly on the changes that take place in the oocyte.  
 
Keywords: adenyl cyclase, cAMP, cumulus-oocyte-
complex, meiosis, phosphodiesterase. 
 

Introduction 
 
The ovaries of neonate females contain oocytes 

in the diplotene stage of first meiotic prophase. These 
immature oocytes remain in a resting phase known as 

dyctiate or germinal vesicle (GV) stage (Downs, 1993; 
Sathananthan, 1994). 

Within the follicle, granulosa cells (GC) that 
surround the oocyte undergo differentiation forming the 
cumulus-oocyte-complex (COC). A well-organized 
zona pellucida separates the oocyte from the cumulus 
cells (CC). The CC in close contact with the zona 
pellucida, which is known as cumulus oophorus (CO), 
communicates with the oocyte through gap junctions. 
The CC including the CO cells, due to their close 
contact with the oocyte, have a different function from 
that of GC from the follicular wall. Regulatory 
substances produced by the oocyte have important 
functions on the metabolism of CC and products of 
these somatic cells actively participate in the growth and 
maturation of oocytes. 

At puberty some of the activated follicles 
continue to develop, eventually resulting in ovulation. 
Through activation and development of the follicle, the 
oocyte also starts to grow. During this time, it is very 
active with intense mRNA and protein synthesis and 
differentiation of organelles. These changes prepare the 
oocyte to be a competent gamete (Cran and Moor, 
1990). The diameter of the oocyte also increases five 
times (attaining 100 to 120 µm in diameter), but it still 
remains at germinal vesicle stage of meiosis (Schultz et 
al., 1978; Downs, 1993). 

The final process of oocyte maturation consists 
of the acquisition of the capacity to be fertilized and is 
characterized by several changes including the 
resumption of meiosis (Paynton and Bachvarova, 1990; 
Eppig, 1991). In vivo oocyte maturation coincides with 
differentiation of the pre-ovulatory follicle which 
includes changes in the oocyte and the CCs. The 
changes in the oocyte occur sequentially and 
synchronously under the stimulus of the LH, through its 
action on the GCs (Cran and Moor, 1990; Sathananthan, 
1994). During oocyte maturation in preparation for 
fertilization and subsequent embryo development, 
changes in the nucleus and cytoplasm occur. As meiosis 
proceeds chromosomes segregate and organelles 
reorganize in the cytoplasm, transcription ceases, the 
stored mRNA is partially used, and the pattern of 
protein phosphorylation changes (Ponderato et al., 
2001; Ferreira et al., 2009).  

Although the immature oocytes can resume 
meiosis in vitro, after being removed from antral 
follicles (Edwards et al., 1965), cytoplasmic maturation
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 seems to occur asynchronously with nuclear maturation 
(Janssenswillen et al., 1995; Huang et al., 1999). This is 
probably the main factor responsible for the lower rates 
of embryo production when oocytes are matured in 
vitro. Therefore, knowledge of the oocyte maturation 
process is fundamental for the development of 
methodologies to increase the success of in vitro 
embryo production and to develop treatments for 
various forms of infertility  

This review will present current knowledge 
about the maintenance of the oocyte in prophase arrest, 
and the resumption of meiosis during oocyte maturation, 
focusing mainly on the changes that take place in the 
oocyte.  

 
Control of meiotic arrest at the germinal vesicle 

stage 
 
Although the exact mechanism of oocyte 

maturation in vivo or in vitro is not clearly understood, 
it is generally accepted that the second messenger cyclic 
adenosine monophosphate (cAMP) plays a critical role 
in the maintenance of meiotic arrest in mammalian 
oocytes (Conti et al., 2012). An increased level of 
cAMP in the oocyte is essential for the maintenance of 
the blockage of meiosis, while a decrease in 
concentration of cAMP allows the resumption of 
meiosis (Sela-Abramovich et al., 2006; Conti et al., 
2012).  

The concentration of cAMP in the oocyte is 
regulated by an equilibrium between two enzymes: 
adenyl cyclase (AC) and the phosphodiesterase (PDE), 
which are responsible for the synthesis and degradation, 

respectively, of cAMP (Conti et al., 2002). The 
production of cAMP in the oocyte is controlled by 
receptors linked to the G protein (GPR3 in mouse) 
which is essential for the activation of adenyl cyclase 
(Holt et al., 2013).  

Since meiotic arrest at the germinal vesicle 
stage depends upon the interaction between the oocyte 
and surrounding CC, it has been hypothesized that 
cAMP passes from these cells to the oocyte through the 
gap junctions (Dekel et al., 1988). Besides, at least in 
rodents, GC play an important role in increasing cAMP 
in oocytes through the transfer of cyclic guanosine 
monophosphate (cGMP), an inhibitor of 
phosphodiesterase 3 (PDE3) through the gap junctions 
(Zhang et al., 2010). In rodents, cGMP is synthesized 
by CC under the influence of natriuretic peptide type C 
(NPPC) from the mural GC (Fig. 1; Holt et al., 2013). 
The effect of the cGMP in the CC is also mediated by 
the regulation of others phosphodiesterases (PDE2, 
PDE4 and PDE5; Zhang et al., 2010).  

High levels of cAMP in the oocyte suppress the 
activity of the maturation promoting factor (MPF) 
through a mechanism which depends on protein kinase 
A (PKA; Maller, 1980; Bornslaeger et al., 1986). The 
MPF is a protein composed of a catalytic subunit, the 
cycline-dependent kinase 1 (CDK1) and a regulatory 
subunit, the cycline B (Downs, 1993; Taieb et al., 
1997), and is regulated by the phosphorylation of the 
treonine 14 and tyrosine 15 residues of CDK1 
(Bilodeau-Goeseels, 2012). This phosphorylation is 
catalyzed by the kinase Wee1B, while the 
dephosphorylation is dependent on the phosphatase 
Cdc25 (Lew and Kornbluth, 1996). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 1. Schematic representation of meiotic arrest when the oocyte nucleus is at the germinal vesicle stage. 
GC= mural granulosa cells; CC= cumulus’cells; Oo= oocyte; PDE= phosphodiesterase; GPR= receptor linked to 
protein G; NPPC= natiuretic peptide; Cx= conexin. Adapted from Conti et al., 2012. 
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The inhibition of PDE3 increases the levels of 
cAMP activating protein kinase (PKA). The PKA regulates 
the activity of Wee1B and Cdc25 directly. In oocytes 
arrested in meiotic prophase, the PKA mediates the 
phosphorylation of Cdc25 down-regulating its function 
through sequestration to the cytoplasm (Zhang et al., 2008; 
Pirino et al., 2009). On the other hand, the phosphorylation 
of Wee1B increases the inhibition of MPF. 

The prevention of premature resumption of 
meiosis is crucial for oocyte survival. In addition, the 
regulation of cyclin B1 levels is a second mechanism 
for the maintenance of meiotic arrest (Holt et al., 2013). 
In oocytes in the GV stage, a significant amount of 
cyclin B is already present. Therefore, the inactivation 
of CDK1 through phosphorylation is what maintains the 
oocyte in meiotic arrest (Holt et al., 2013). However, 
the cyclin B needs to be constantly degraded by the 
anaphase promoter complex/cyclossome (APC/C), in 
order to maintain blockage at prophase I. If the cyclin B 
accumulates during the GV stage, the increase in its 
concentration will activate the MPF leading to 
spontaneous resumption of meiosis (Reis et al., 2006). 

 
Meiosis resumption 

 
Re-initiation of meiosis depends upon several 

external factors. In mammals oocyte maturation is 
induced by the withdrawal of the inhibitory influence of 
GC in vivo the LH surge causes the breakdown of the 
gap junctions between the oocyte and the GC in the pre-
ovulatory follicle (Eppig, 1991). Similarly, the removal 
of immature oocytes from the follicular environment 
can interrupt the transfer of regulators and metabolic 
support crucial for the maintenance of meiotic arrest, 
resulting in resumption of oocyte maturation.  

The re-initiation of meiosis is regulated by 
changes in the pattern of phosphorylation of several 
proteins by specific kinases. Of importance is the 
activity of MPF (Masui and Markert, 1971), which is 
the universal cell cycle regulator of mitosis and meiosis 
(Nurse, 1990). The activation of MPF induces 
condensation of chromosomes, breakdown of the 
nuclear envelop (GVBD) and preparation of the 
cytoplasm for the M phase during both mitotic and 
meiotic cycles (Murray, 1989; Murray and Kirschner, 
1989; Motilik and Kubelba, 1990).  

In rodents and ruminants, the receptor for LH 
(LHR) is expressed mainly on cells of the theca and 
mural granulosa layers. A paracrine signal, as well as 
intercellular communication is crucial for the COC to 
respond to the LH surge (Peng et al., 1991). The effect 
of LH is to promote a decrease in the expression of 
NPPC receptors in CC and the consequent transfer of 
cGMP to the oocyte (Robinson et al., 2012). At the 
same time the gap junctions between the oocyte and 
CC are disrupted by factors from the EGF family such 
as the epiregulin, ampiregulin and beta-celulin (Norris 
et al., 2009; Vaccari et al., 2009). As a result of the 
drop in cGMP, there is an increase of PDE3 activity 
which promotes a rapid decline of cAMP levels in the 
oocyte and re-initiation of meiosis (Holt et al., 2013; 
Fig. 2).  

The decrease in cAMP levels results in a 
reduction of PKA activity and the Cdc25 is transferred 
to the nucleus (Oh et al., 2010). The accumulation of 
phosphatase Cdc25 in the nucleus promotes the 
activation of the MPF and the transportation of Wee1B 
to the cytoplasm. As meiosis is reinitiated, the Wee1B is 
inactivated and the Cdc25 is activated promoting an 
increase of CDK1 activity (Conti et al., 2012). 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Schematic representation of the events taking place during the resumption of oocyte meiosis. There is a 
reduction in the levels of cAMP, activation of MPF, germinal vesicle breakdown (GVBD) and oocyte maturation. 
CG= mural granulosa cells; CC= cumulus cells; Oo= oocyte; PDE= phosphodiesterase, EGFR= EGF 
receptor; GPR= receptor linked to the protein G; NPPC= natriuretic peptide, NPR2= receptor of natriuretic peptide; 
P= phosphorylation, Cx= conexin. Modified from Conti et al., 2012. 

Cx43 

NPR2 

NPPC 
??? 

GC CC PDE5 PDE1
A 

PDE1A 

PDE3
A 

GPR3 
GPR3 

cAMP cGMP inactive active 

Cx43 

Cx37 

OO 

LHR 

Gp 
Gp 

active 

PDE5 

Areg, Ereg, BTC 

EGFR EGFR 

LH 

P 

P 



 Landim-Alvarenga and Maziero. Oocyte maturation. 
 

Anim. Reprod., v.11, n.3, p.150-158, Jul./Sept. 2014 153 

Mitogen-Activated Protein Kinase (MAPKs)  
 
A group of proteins belonging to the 

serine/treonine family, the MAPKs, is involved in the 
progression of meiosis. These proteins are activated by 
extracellular signals and therefore are also known as 
ERK (extra cellular signal regulated kinase) with the 
variants ERK1 - p44 kDa and ERK2 - p42 kDa; 
Kubelka et al., 2000; Bilodeau-Goeseels, 2012).  

The MAPKs have several substrates similar to 
phosphorylation, including phospholipases, 
transcription factors and cytoskeleton proteins. The 
MAPK path is universally activated during meiotic 
maturation of vertebrate oocytes. In cattle, MAPK 
increases after 8 h of in vitro culture, continuing 
gradually until 12-14 h, and then remaining stable until 
maturation is completed (Kubelka et al., 2000; Quetglas 
et al., 2010).  

In bovine oocytes, the two main isoforms 
(ERK1/2) of MAPK are activated near the time of 
GVBD (Kubelka et al., 2000; Quetglas et al., 2010). 
This suggests that MAPK is not required for the 
initiation of meiosis, but is crucial for the post- GVBD 
events (Kubelka et al., 2000; Ponderato et al., 2001).  

The MAPK are found in the oocyte where they 
are activated by MOS kinase and in CC where they are 
activated by RAS/RAF. In both cell types the MAPK are 
activated by phosphorylation of tyrosine and treonine 
residues and by MEK, also named MAPKK (Mitogen-
activated protein kinase kinase). Activation of MEK is also 
mediated by phosphorylation and the proteins MOS in the 
oocyte and RAS/RAF in the CC (Crocomo et al., 2013). 

In the mouse, LH induces the phosphorylation 
of ERK1/2 in pre-ovulatory follicles 30 min after 
stimulation and phosphorylation levels increase after 2 h 
(Panigone et al., 2008). The activation of the ERK1/2 
occurs first in the mural GC and later in CC. 

The MAPK, when activated, promotes the 
MPF stabilization in oocytes through the inhibition of 
some negative regulators and activation of cdc25 
phosphatase. In bovine oocytes, activation of MAPK 
occurs at the same time as or slightly before GVBD, 
with levels increasing gradually during oocyte 
maturation and remaining elevated until meiosis II. 

The activation and inactivation of MAPK is 
also related to variation in cAMP and PKA in the oocyte 
and CC. According to Sun et al. (2002), the activation 
of CC depends on paracrine factors secreted by the 
oocyte, showing the ability of this cell to control its own 
meiotic maturation. 
 

Nuclear maturation 
 
The process of nuclear maturation begins when 

meiosis resumes from the diplotene stage, signaled by 
chromosome condensation and GVBD. It corresponds 
to the reversal of the first blockage of meiosis from the 
GV stage until the second blockage at metaphase II 

(MII). After GVBD, the oocyte goes through metaphase 
I (MI), anaphase I (AI) and telophase I (TI), ending with 
the first meiotic division and then rapidly passes 
through MII of second meiotic division where a second 
meiotic arrest occurs (second meiotic blockage; 
Kubelka et al., 2000).  

By the end of the first meiotic division, 
homologues of oocyte chromosomes (2n) have 
separated into two nuclei with n chromosomes each 
(MI). The cytoplasm divides asymmetrically generating 
two cells, one keeping almost all the cytoplasm, the 
secondary oocyte and the other very small, the first 
polar body. Soon after, the second meiotic division 
begins and remains in this stage (MII) until the 
fertilization or parthenogenetic activation (Quetglas et 
al., 2010). 

The stage of nuclear maturation might be 
evaluated directly by the configuration of the 
chromosomes (Fig. 3) and classified in different stages 
(Landim-Alvarenga, 1999): 

• Germinal vesicle (GV): characterized by the presence 
of a spherical nucleus with intact envelope and 
filamentous chromatin;  

• Germinal vesicle breakdown (GVBD): characterized 
by condensed chromatin and absence of a visible 
nuclear membrane; 

• Metaphase I (MI): chromosomes arranged on the 
metaphase plate peripherally located in the ooplasm;  

• Metaphase II (MII): characterized by the presence of 
metaphase plate with chromosomes arranged in the 
periphery of the ooplasm and by the extrusion of the 
first polar body (PB) represented by a dense group of 
chromosomes. 

The integrity of the nuclear membrane 
including the GV is maintained by proteins called 
laminins. During GVBD, the CDK1 promotes 
disorganization of the nuclear envelop, phosphorylating 
the laminins (Adhikari and Liu, 2014). At same time as 
nuclear envelop disintegration, condensation of the 
chromosomes occurs and the metaphasic plate is 
organized. 

The protein degradation which occurs during 
the transition from metaphase to anaphase is controlled 
by the anaphase promoter complex (APC) which is 
responsible for the ubiquitination of several protein 
substrates (Sullivan and Morgan, 2007). The APC is a 
multi-subunit of the ubiquitin ligase E3, whose 
substrates are degraded by the proteosome 26S. The 
action of APC requires the linking of a protein co-
activator, the CDC20 or FZR1 which confers specificity 
to the enzyme. The link of APC to CDC20 allows the 
anaphase of mitosis or meiosis to continue by 
degradation of cyclin B1 (Jones, 2011). 

In vertebrate oocytes, the metaphase’ spindle 
organizes to lead to an unequal division of cytoplasm, 
which results in the expulsion of first PB. Parallel to the 
expulsion of the PB, there is a decrease in MPF activity,
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which shortly increases again inducing the organization 
of the metaphase’ spindle for the second meiotic 
division, without formation of a nuclear envelop, 
chromosome de-condensation or DNA replication. 

High levels of MAPK and MPF are needed for 
the maintenance of oocytes in MII since fertilization or 
parthenogenetic activation causes an abrupt intra-oocyte 
drop of both kinases and the completion of meiosis 
(Hashimoto and Kishimoto, 1988; Choi et al., 1991; 
Naito and Toyoda, 1991; Jelinkova et al., 1994; Dedieu 
et al., 1996; Taieb et al., 1997; Wu et al., 1997; Oh et 

al., 1998). When a spermatozoon enters the oocyte, the 
chromosomes separate and the organization of the 
nuclear envelop terminates meiosis with the extrusion of 
the second PB (2nd PB). After extrusion of the 2nd PB 
fusion of female and male pro-nuclei occurs, which is 
the beginning of the embryonic development. In order 
to ensure normal development of the embryo, nuclear 
changes during the oocyte maturation and fertilization 
are needed, which are coordinated by movements of the 
genetic material and organelles, and by biochemical 
changes in the cytoplasm (Van Blerkom, 1991). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Meiotic stages of oocytes stained with Hoechst 33342 
evaluated with an inverted microscope with ultra-violet light. The 
oocytes are classified as: A) Germinal vesicle (GV); B) Germinal 
vesicle breakdown (GVBD); C) Metaphase I (MI) and D) Metaphase 
II (MII). Amplification 400X.  

 
Cytoplasmic maturation 

 
The progression of meiosis that characterizes 

nuclear oocyte maturation, does not by itself guarantee 
further embryonic development; additional cytoplasm 
modifications or cytoplasm maturation is also necessary 
(Ferreira et al., 2009). 

Cytoplasmic maturation includes structural and 
molecular changes occurring in the oocyte from the GV 
stage to the end of MII. Evaluation of maturation might 
be done indirectly through the ability of the mature 
oocyte to cleave and develop into a blastocyst after 
fertilization or parthenogenetic activation.  

The ultrastructural changes in the cytoplasm 
include migration of several of the organelles. The 
mitochondria and Golgi complex, which are located in 
the periphery of the oocyte in immature oocytes, move 
to a perinuclear distribution. The cortical granules, 
originating from the Golgi complex, and originally 
situated in the center of the oocyte migrate to the 

periphery and become anchored to the oocyte 
membrane (Cran and Moor, 1990). 
 
Redistribution of organelles in the cytoplasm  

 
The location of the organelles in the cytoplasm 

depends on the cell’s needs at each stage of 
development and their relocation is made possible by 
the action of cytoskeleton microfilaments and 
microtubules.  

The resumption of meiosis is accompanied by 
extensive reorganization of the cytoplasmic microtubules 
in the oocyte. During interphase, long and relatively stable 
microtubules are distributed in the cytoplasm, while 
during metaphase, the microtubule organizer centers 
(MTOCs) are phosphorylated and the activity of 
microtubule organization increases (Fan and Sun, 2004). 
Thus, mitochondria, endoplasmic reticulum, Golgi 
complex and cortical granules assume different positions 
from those observed at GV stage (Ferreira et al., 2009).

A B 

C D 
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Mitochondria  
 
The activation of metabolic pathways through 

protein synthesis and phosphorylation is indispensable 
for cytoplasmic maturation. The mitochondria have a 
very important role in this process since they are a key 
component of energy metabolism (Krisher and Bavister, 
1998; Meirelles et al., 2004). In this sense, the 
dislocation of the mitochondria to areas of high energy 
consumption is crucial for oocytes and embryos in 
critical periods of the cellular cycle.  

During maturation, mitochondria synthesize 
ATP needed for the production of proteins used during 
late embryo development (Meirelles et al., 2004). A 
structural analysis of bovine oocytes submitted to in 
vitro maturation (IVM) show that, after 12 to 18 h in 
culture, the mitochondria change from a position more 
peripheral to a dispersed location throughout the 
cytoplasm (Hyttel et al., 1986).  

This behavior is similar to what occurs in vivo, 
which means that the distribution is more peripheral 
before the LH peak, beginning to diffuse during the 
final phases of nuclear maturation and then dispersing 
after the polar body extrusion, approximately 19 h post-LH 
peak (Kruip et al., 1983; Hyttel et al., 1997).  

Studies of bovine and murine oocytes indicate 
that the reorganization of mitochondria in cytoplasm 
post-IVM is correlated to the ATP levels in the 
embryos. Therefore, embryos with less ATP in the 
cytoplasm develop more slowly and have lower number 
of cells (Liu et al., 2000). 

Before the embryonic genome is activated 
(after 72 h of culture) the mitochondria has an 
intermediate level of activity, which might be explained 
by the adaptive protection against the reactive types of 
oxygen (ROs) This protection occurs as a result of 
catalyzer molecules such as glutathione and 
peroxidases, which are produced during oocyte 
maturation and early embryonic development (Krisher 
and Bavister, 1998). 

Besides the activities described above, the 
mitochondria regulate the process of cellular apoptosis, 
acting as reservoirs of activator proteins of programmed 
cell death (PCD) process, as for example cytocrome c. 
Permeabilization of the mitochondrial membrane allows 
the liberation of cytocrome and consequent activation of 
the apoptosis cascade resulting in cell death (Van 
Blerkom, 2004).  

 
Endoplasmic reticulum  

 
The endoplasmic reticulum (ER) membranes 

are physiologically active, containing specialized 
domains interacting with the cytoskeleton in the 
accomplishment of different functions. Among the 
known functions of the ER are the folding and 
degradation of proteins, lipid metabolism, nucleus 
compartmentalization, establishment of calcium (Ca2) 

gradients, and its own synthesis (Ferreira et al., 2009). 
Throughout calcium storage, the system plays an important 
role in intracellular signaling. The mechanisms and 
paths of calcium ion (Ca2) mobilization point to its 
importance in several cellular events.  

The paths of Ca2 signaling are dependent on 
differences in its extra and intra cellular contents, which 
are responsible for concentration gradients between both 
compartments. The established gradient is regulated by 
the ooplasm membrane. In rodent and human oocytes 
the content of Ca2 in the cytoplasmic reticulum is 
mediated by proteins present in the reticulum canals; the 
receptors for inositol 1,4,5 triphosphate (IP3R) and 
ryanodine are both located in the ER membrane and are 
responsible for the control of Ca2 movement into the 
cytosol. The Ca2 liberation via IP3 and its receptor IP3R 
is crucial for oocyte activation during fertilization 
(Kline and Kline, 1994). 

Biochemical and structural modifications of the 
ER during maturation are essential for the satisfactory 
functioning of intracellular calcium regulation. 
Examination of mouse oocytes in the GV stage shows 
that the ER are uniformly distributed in the ooplasm. 
During the progression of development until the MII 
stage, the ER are found in the cortical region 
accumulating in small stacks of 1-2 um over all 
cytoplasm (Stricker, 2006).  

The system sensibility to the needs of Ca2 
liberation increases after maturation. During 
fertilization, the entrance of the spermatozoon into the 
oocyte provokes the exit of Ca2 from the ER which is 
followed by the beginning of embryonic development 
(Ferreira et al., 2009). 

 
Golgi Complex (GC) 

 
The dynamics of Golgi membranes during 

maturation and fertilization of mammalian oocytes 
requires additional research. In the GV oocyte, the 
Golgi complex appears in the periphery of the ooplasm 
surrounded by small vesicles. Two kinds of vesicles are 
observed: coated vesicles resembling pinocytosis 
granules are seen next to the cis face of the Golgi 
complex while, next to the trans face smooth vesicles 
with irregular size and electron density are observed 
(Landim-Alvarenga and Alvarenga, 2006). Electron 
dense membranous granules appeared in association 
with the Golgi complex or distributed through the 
cytoplasm which were classified as cortical granules. 
On the other hand, in matured oocytes, Golgi complexes 
were still present but less developed (Landim-Alvarenga 
and Alvarenga, 2006). 

 
Cortical granules  

 
The cortical granules (CG) originate in the 

Golgi complex. The exocytosis of the CGs involves 
cytoskeleton filaments and homologue proteins. In GV
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oocytes, the cortical granules are in clusters through the 
cytoplasm. By the end of the maturation period, when 
MII is attained, the granules are near the inner surface 
of oocyte cell membrane. This pattern is a strategic 
distribution in preparation for arrival of the 
spermatozoon and oocyte activation (Hosoe and Shioya, 
1997). 

The cortical granules are organelles exclusive 
of oocytes and their composition consists of a variable 
population of proteins, structural molecules, enzymes 
and glycosaminoglycans. The exocytosis of the cortical 
granules (cortical reaction) is one of the mechanisms 
most frequently used by the oocytes to avoid 
polyspermy. If the oocyte is fertilized by more than one 
spermatozoon, the resulting zygote will undergo 
abnormal cleavage, becoming nonviable and will 
degenerate as soon as the mitotic divisions begin (Hosoe 
and Shioya, 1997). 
 

Molecular maturation 
 

Molecular maturation consists of several stages 
such as transcription, storage and processing of the 
mRNA that will be used in ribosome synthesis of the 
proteins that will directly influence the subsequent 
cellular events, such as fertilization, pro-nucleus 
formation, and the beginning of the embryogenesis 
(Crocomo et al., 2013). 

Transcription and mRNA storage occur during 
the folliculogenesis, while the nucleus is quiescent, and 
ends when meiosis is reinitiated, soon after the 
chromosomes condense and became inactive. However, 
the capacity of mRNA translation and protein synthesis 
is maintained throughout oocyte development and 
further embryogenesis (Sirard, 2001). 

Most of the ooplasm mRNA is stable, but 
inactive due to its short poly-A tail. Under the action of 
signals generated during maturation, fertilization and 
the beginning of embryo development, there is poly-
adenylation, which is the addition of adenines to the 
3’end under the action of the poly-a polymerase. Poly-
adenylation promotes the release of repressor molecules 
coupled to the 5’segment, allowing for the beginning of 
translation (Gottardi and Mingoti, 2009).  

The transportation of mRNA to the cytoplasm 
occurs as a result of a characteristic shortening of the 
poly-A tail, which upon reaching this compartment 
becomes shorter and heterogeneous (Tomek et al., 
2002). The mRNA molecules are not translated when 
they have short poly-A tails. Therefore, deletion of that 
sequence is the initial step in their degradation process 
(Tomek et al., 2002). The cytoplasm elongation of the 
poly-A tail means the activation of translation, which is, 
the addition of adenine to mRNA in the oocyte 
cytoplasm during maturation, leading to protein 
synthesis, and deadenylation for degradation of those 
mRNA (Ferreira et al., 2009). 

Therefore, the efficiency of storage and 

reactivation of mRNAs, is regulated by polyadenylation 
and determines oocyte competence to support later 
developmental stages. The pronounced increase of 
kinase activity initiates a complex and specific cascade 
of protein phospho-dephosphorylation (Gottardi and 
Mingoti, 2009). 
 

Conclusion 
 

The information reviewed above shows that the 
process of maintenance of meiotic arrest involves a 
complex system of cellular signals that is modified by 
the pre-ovulatory stimulus of LH, resulting in re-
initiation of meiosis and oocyte maturation. Most of the 
events reported here are intracellular, while others 
involve paracrine controls depending on intimate 
relations between follicular cells and the oocyte. All 
events are necessary to the production of a functional 
gamete with the capacity to develop to a healthy embryo 
after fertilization. 
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Abstract 
 

Oocyte fertilization rates in bovines following 
artificial insemination or natural mating are generally 
good (~90%). Curiously, only about one third of these 
pregnancies remain until 30 days post-AI in dairy cows. 
Thus, most pregnancies are lost between fertilization 
and early embryonic growth. Although classical 
pathways describing that lower progesterone post-AI is 
the main culprit to these early embryonic losses, a 
number of environmental factors such as heat-stress as 
well as novel concepts in bovine physiology including 
the effects of excessive negative energy balanced (NEB) 
and the insulin-resistant state experienced by high 
producing cows during the postpartum period can help 
explain the poor reproductive performance, generally 
observed in dairy herds world-wide. Thus, expanding 
the scientific knowledge in these critical areas in bovine 
fertility related to the evident impact of NEB and/or 
altered circulating and uterine metabolites in the 
postpartum period on oocyte quality, gamete transport, 
uterine environment, and early embryonic growth are of 
major importance to improve reproductive efficiency in 
modern high producing dairy cows. 
 
Keywords: dairy cow, fertility, oocyte, uterus. 
 

Introduction 
 

Early embryo development and fertility of 
modern lactating dairy cows is far less than ideal, with 
only about 50% of the embryos been reported to be 
viable by 7 days after ovulation as compared to ~80% in 
non-lactating cows (Sartori et al., 2009). However, in 
the last couple of decades, we have gained important 
insights in understanding some of the complex 
interactions between the cow’s environment, 
management, nutrition, level of milk production and 
possible breeding strategies that may improve overall 
fertility. For example, a growing body of evidences 
indicates that low circulating progesterone (P4) after 
ovulation in dairy cows seems to be related to conceptus 
growth and most likely mediated through changes in the 
endometrium rather than directly in the embryo 
(Clemente et al., 2009). However, several other blood 
parameters and management issues such as heat-stress 

may alter uterine environment, oocyte quality and 
embryo development. Thus, the aim of this manuscript 
is to review some factors associated with poor uterine 
health, embryo quality/development and fertility of 
dairy cows. It is important to highlight that multiple 
nutritional factors have been also associated with 
inadequate uterine environment, oocyte quality, and/or 
cow-immunity and health including diets that produce 
high levels of blood urea nitrogen (BUN), nutritional 
contaminants such as gossypol or mycotoxins, varying 
effects of different fat-sources as reviewed in Bisinotto 
et al. (2012). However, reviewing possible nutritional 
components that may influence fertility of dairy cows is 
out of the scope of the current manuscript. Emphasis 
will be given though to the detrimental impact of uterine 
infections or of excessive body weight losses that may 
occur in the postpartum period, with major direct effects 
in follicular dynamics, uterine tract physiology, embryo 
quality and ultimately conception results of dairy cows. 
 
A model to study the impact of uterine environment 

of lactating cows 
 

Trying to isolate areas in the whole body 
physiology and/or specific parts that might be 
responsible for poor fertility within the reproductive 
tract in bovines is a challenging task. For example, 
several research groups have described poor embryo 
quality and conception rate results in lactating cows, but 
it is unclear whether early embryonic growth up to day 
7 post ovulation are reduced due to inadequate uterine 
environment and/or due to (i.e.) overexposure of 
oocytes to longer periods of high LH pulsatility - both 
hypothesis seem fairly plausible and could potentially 
be related to high milk production levels. Interestingly, 
it appears that embryo growth following day 7 post 
ovulation is compatible with high volumes of daily milk 
production since a growing body of scientific literature 
(Demetrio et al., 2007) supports the concept that the use 
of embryo transfer into lactating cows on day 7 seem to 
improve fertility in relation to regular AI. Further 
evidence to that is the fact that attempts to increase P4 
levels after day 7 generally yield marginal to no results 
(Nascimento et al., 2013). These elements argue for at 
least nearly normal uterine environment to support 
pregnancy to term from day 7 to calving, and suggest



 Souza et al. Uterine environment and fertility in cows. 
 

160 Anim. Reprod., v.11, n.3, p.159-167, Jul./Sept. 2014 

that most issues with fertility of lactating cows is related 
to poor oocyte quality and/or inadequate uterine 
environment to support early embryo growth before day 
7. Although recent findings argue for significant 
importance of some blood parameters (i.e. glucose) for 
embryo development after day 7 (Green et al., 2012). 
Despite of that, later findings indicate that oocyte 
quality can be improved in lactating cows through 
greater pre-ovulatory circulating P4 concentrations 
(Wiltbank et al., 2012), but little is actually known 
about the capacity of the uterus of lactating cows to 
cope with adequate fertilization and early embryo 
survival until day 7 after ovulation. 

Although scarce, later publications were able to 
shed light on the events within the uterine tract from day 
2 to day 7 after ovulation by utilizing laparoscopic 
transfer of IVF embryos into the oviduct (Rizos et al., 
2010; Maillo et al., 2012). Both reports described 
drastic reductions in proportion of embryos that 
remained viable from day 2 to day 7 of the estrous cycle 
when these embryos were transferred into lactating 
cows as compared to nulliparous heifers (Rizos et al., 
2010) or postpartum cows that were dried-off at calving 
(Maillo et al., 2012). The authors hypothesize that a 
combination of factors and complex associations may 
result in less than ideal endometrial environment in the 
lactating cow. Such factors are high milk production 
inducing low circulating P4 due to greater steroid 
metabolism, negative energy balance that lactating cows 
undergo at beginning of lactation, with remarkable 
increase in circulating non-esterified fatty acids (NEFA) 
as well as lower blood calcium, glucose and IGF-1. 

Lower circulating P4 before and/or after 
ovulation has been extensively studied and associated 
with embryonic growth and conception results 
(Wiltbank et al., 2012); however, other blood 
parameters such as calcium and glucose concentrations 
have been largely overlooked and only recently studied 
more in depth to unravel their importance on dairy cow 
fertility. For example, low circulating calcium 
concentrations (<8.59 mg/dL) in the postpartum seem to 
be a key element to explain poorer immunity, uterine 
environment, and overall health in the lactating cow as 
described by Martinez et al. (2012). Additionally, lower 
circulating glucose and the resulting insulin-resistant 
state of postpartum cows to cope with high levels of 
milk production has only recently been associated with 
reduced embryonic growth (Green et al., 2012; Lucy et 
al., 2014). Thus, besides the classical findings on the 
importance of P4 levels post-ovulation on embryo 
development and maternal recognition, circulating 
calcium and glucose levels also appear to have central 
roles in providing an ideal uterine environment for the 
growing embryo and pregnancy. Further comprehensive 
studies looking into endometrial gene expression and 
histiotrophic milieu are urgently needed to bridge some 
of these missing concepts. Thus, later studies brought 
some important insights to help elucidate that the 

lactation status of the cow seem to be unarguably 
detrimental not only to oocyte quality as previously 
reported; but not surprisingly, milk production also 
appears to have a great impact in altering uterine 
environment making it less than ideal to the newly 
arrived embryo and even to maintain pregnancy to term.  
 

Postpartum diseases and uterine environment in 
lactating cows 

 
Cows experiencing clinical or subclinical 

uterine infections in the postpartum period have been 
reported by several research groups to have lower 
postpartum fertility (LeBlanc, 2008). Furthermore, 
greater milk production has been linked to lower 
circulating glucose and increased concentrations of 
other metabolites such as NEFA and BHBA in the 
postpartum period, which in turn has been linked to 
depressed migration activity and phagocytic/killing 
functions in polymorphonuclear (PMN) in the 
postpartum uterine lumen (Lucy et al., 2014). 
Nevertheless, most studies do not seem to indicate that 
milk production is a major drawback to uterine 
involution postpartum and/or subclinical uterine 
infections indicated by proportion of PMN cells. For 
example, in a recent study (Carvalho et al., 2013) in 
which we determined the number and percentage of 
PMN cells in endometrial smears taken nearly at 50 
DIM, we found that level of milk production was 
largely unrelated (P > 0.10) to incidence of subclinical 
endometritis. These results corroborate with findings 
from a recent study (Scully et al., 2013), in which they 
found no significant differences in uterine diameter and 
fluid volume by ~50 DIM in cows that were lactating or 
dried-off just after calving time to try to isolate effects 
of lactation on uterine environment. Thus, milk 
production per se does not seem to be the major factor 
associated with the capacity of cows to undergo uterine 
involution postpartum. Surprisingly though, based on 
the results from Carvalho et al. (2013), it appears that 
greater proportions of PMN in uterine lumen have a 
direct effect in a number of embryo production 
parameters, as shown in Table 1 and Fig. 1. Thus, 
results from Carvalho et al. (2013) and Scully et al. 
(2013) provide compelling evidence that milk 
production has little effect on uterine health, but poor 
uterine environment (greater proportion of PMNs) can 
greatly impair oocyte fertilization capacity. 

Obviously, the underlying physiology related 
to poor conception results in lactating cows lie in 
multiple factors including uterine infections that may 
disrupt normal postpartum follicular growth and 
delayed resumption of ovarian activity (anovulation), 
and/or direct effects in the uterine environment. It 
appears that the whole physiology of negative energy 
balance alongside with alterations in insulin signaling 
and IGF system, as well as deviations in circulating 
calcium in the early postpartum cow can have a major
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impact in the process of normal immunity and uterine 
involution (Wathes et al., 2011; Martinez et al., 2012). 
For example, Wathes et al. (2011) randomized 
postpartum lactating cows to undergo mild or severe 
negative energy balance. Interestingly, these 
researchers described great upregulation patterns in 
several genes linked to metalloproteinase activity - an 
intrinsic part of uterine remodeling postpartum; 
indicating that uterine involution of cows under greater 

NEB seem to be altered and these deviations from 
normal physiology are likely caused by alterations in 
the IGF1/insulin signaling pathways in the 
endometrium of cows undergoing NEB. Thus, 
postpartum is characterized by a period of uterine 
tissue remodeling, and efforts to avoid excessive NEB 
and body loss experienced by cows during the first 
couple of weeks postpartum should improve uterine 
health and ultimately fertility. 

 
Table 1. The effect of uterine polymorphonuclear cells (PMN) on ova/embryo recovery, fertilization, and 
transferable/freezable embryo numbers.  

Endpoint 
PMN  
<1% 
(n = 40) 

PMN 
1 to 5% 
(n = 13) 

PMN 
>5% 
(n = 12) 

P-value 

CL number 17.7 ± 1.4 15.8 ± 2.3 17.2 ± 1.7 0.84 

Total ova/embryos recovered   7.8 ± 1.1   9.2 ± 2.4  4.7 ± 1.1 0.10 

% Recovery    41.5 ± 4.3ab 55.5 ± 8.5a 28.4 ± 6.3b 0.04 

Fertilized structures     5.9 ± 7.7a   7.4 ± 1.9a   2.3 ± 0.7b <0.01 

% Fertilized structures 82.3 ± 3.4 81.8 ± 8.8 62.1 ± 11.4 0.14 

Transferable embryos     4.6 ± 0.7a    5.9 ± 1.7a 1.8 ± 0.6b 0.03 

% Transferable/Total 62.3 ± 5.5   61.3 ± 11.6 52.0 ± 12.5 0.80 

% Transferable/Fertilized 74.9 ± 5.4   71.3 ± 11.2 72.5 ± 12.7 0.95 

Freezable embryos    4.4 ± 0.7a     5.3 ± 1.6a  1.8 ± 0.6b 0.04 

% Freezable/Total 59.4 ± 5.4    56.3 ± 12.2 48.9 ± 12.5 0.85 

% Freezable/Fertilized 71.4 ± 5.3    65.4 ± 12.0 69.1 ± 13.3 0.99 
a,bMeans with differing superscripts within same row are different P < 0.05. From Carvalho et al., 2013. 

 
Figure 1. Estimated effect of uterine polymorphonuclear cell count (%PMN, endometrial swab) at the beginning of 
the superstimulation program of lactating Holstein cows on ova/embryo recovery rate (total structures collected 
divided by number of corpora lutea on the day of the collection) and fertilization rate (total number of fertilized 
structures divided by total structures collected). From Carvalho et al., 2013. 
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Impact of P4 and E2 before and near AI on uterine 
environment 

 
Steroid hormones such as P4 and E2 have long 

been described to have major effects in the uterine tract 
of females, particularly in the endometrium (Bridges et 
al., 2013). For instance, Johnson et al. (1997) reported 
that uterine weights in ewes were greater near estrus 
compared to the mid-luteal phase, and that this increase 
in weight was due to estrogen-induced endometrial 
tissue hypertrophy rather than hyperplasia. This was 
consistent with data from other species, with regards to 
hormonal regulation of uterine morphology and function 
(Nayak and Brenner, 2002). Later studies also found 
great impact of steroid hormones in the transcriptome 
profile (Shimizu et al., 2010) and gene expression 
(Bridges et al., 2013) in the bovine endometrium, with 
adequate rise in E2 following pre-exposure to P4 being 
of major importance to prepare the uterus for embryo 
support and gestation as previously reviewed (Bridges 
et al., 2013). The low fertility of high producing cows 
may be partially explained by a suboptimal uterine 
environment likely as a result of lower circulating 
concentrations of both E2 during pro-estrus and P4 in 
the diestrus due to their greater steroid metabolism 
(Wiltbank et al., 2006). Interestingly, more precise 
synchronization systems are in part capable to counter 
act this excessive metabolism of steroids in the lactating 

cows and producing fairly satisfactory pregnancy results 
to timed AI breedings (Souza et al., 2008; Herlihy et al., 
2012). 

Thus, because of the dramatic changes induced 
by reproductive hormones in the uterine tract, we have 
hypothesized that ultrasonographic measurement of 
endometrial thickness (ET) near ovulation could be a 
good indicator of hormonal environment (i.e. low P4 
and/or high E2), and could be used to assess whether the 
uterus has been exposed to adequate concentrations of 
hormones compatible with optimal fertility (Souza et 
al., 2011). In this study, there was a low to moderate 
correlation between circulating E2 and ET during this 
periovulatory period, but a number of our findings, 
combined with previous results (Jimenez-Krassel et al., 
2009), provided strong support for the critical role of P4 
in changes in ET. For example, it is clear that the major 
increase in ET occurred on the first day after PGF, 
concurrent with no detectable change in circulating E2 
(Fig. 2). Further, the next 2 days had increases in serum 
E2 concentrations with no changes in ET. Nevertheless, 
the decrease in circulating E2 that followed GnRH 
treatment was accompanied by a decrease in ET, 
consistent with the critical role for E2, in the presence 
of low P4, to sustain a high ET. However, higher P4 
concentrations were associated with much thinner ET, 
consistent with a critical underlying role for basal P4 in 
the periovulatory increase in ET. 
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Figure 2. Profile of endometrial thickness (ET), and serum concentrations of P4 and E2 during the synchronized 
pro-estrus (from PGF to second GnRH treatment during the Ovsynch protocol) in lactating dairy cows (n = 8). 
Different letters throughout same line indicate statistical significance (P < 0.05). From Souza et al., 2011. 
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The profound effects of circulating E2 and 
P4 on the endometrium were also obvious in a larger 
dataset in that same publication - experiment 2 
(Souza et al., 2011), in which we scanned lactating 
Holstein cows a single time near the time of the 
synchronized ovulation. It was clear that both presence 
of dominant follicles and lack of adequate luteolysis 
can alter even macroscopic features of the uterine 
morphology (Table 2, Fig. 3). Presumably, the lower 
conception results in cows deviating from expected 
values for ET around the time of ovulation, either due 
to low circulating E2 and/or high P4 near ovulatory 
period, indicate major impact of endocrine milieu on 
uterine environment. 

We also observed marked changes in the ET in 
cows that were anovular before being enrolled in 
Ovsynch (Fig. 4). Surprisingly, out of the cows with 
smaller endometrial thickness (<8mm), most of them 
were not cycling (~60%) before been enrolled in 
Ovsynch for first postpartum AI. This was not true for 
cows with more adequate ET, in which only about 20 to 
30% of them were anovular before Ovsynch. Thus, it 
appeared that P4 priming prior to the periovulatory 
period combined with a rapid decrease in circulating P4 
after induction of luteolysis and greater circulating E2 
near ovulation were critical for the remarkable changes 
in ET during the periovulatory period and ultimately 
conception results. 

 
Table 2. Mean (± SEM) effects of presence or absence of at least one dominant ovarian follicle ≥10 mm in diameter 
or serum P4 class (low <0.5 ng/mL vs. high ≥0.5 ng/mL) in dairy cows 48 h after PGF treatment during an Ovsynch 
protocol - experiment 2.  

End point 
Dominant follicle 

(mm) P-value 
Serum P4 concentration 

(ng/mL) P-value 
With Without Low High 

No. cows 745 13  629 40  
Anovular (%) 8.6 15.4 0.38 8.8 7.5 0.78 
Uterine tone1    2.8 ± 0.04    2.3 ± 0.26 0.02      2.8 ± 0.04    2.7 ± 0.17 0.52 
ET2 (mm) 9.9 ± 0.1 9.5 ± 1.0 0.41 10.0 ± 0.1 8.5 ± 0.3 < 0.01 
ET ≤8 mm (%) 24.3 38.5 0.22 23.4 52.5 < 0.01 
Estrus (%) 60.5 30.0 0.05 62.6 25.7 < 0.01 
Ovulation (%) 94.9 7.7 < 0.01 92.7 87.5 0.05 
P/AI d35-41 (%) 40.7 7.7 0.02 41.8 10.3 < 0.01 
P/AI d58-64 (%) 37.1 7.7 0.02 37.7 10.3 < 0.01 

1Uterine tone on scale of 1-4; 2Endometrial thickness (ET). From Souza et al., 2011. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Average ovulatory follicle size and serum E2 concentrations for lactating dairy cows with varying 
endometrial thickness at 48 h after PGF treatment during the Ovsynch protocol. Cows with double ovulations not 
included in this analysis. a,bMeans without a common superscript differed (P < 0.05).A,BMeans without a common 
superscript tended to differ (P < 0.10). From Souza et al., 2011. 
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Figure 4. Relationship between cyclicity status before first postpartum timed AI, body condition score (BCS) and 
endometrial thickness (mm). a,bMeans without a common superscript differed (P < 0.05). From Souza et al., 2011. 
 
 

Effects of heat-stress on uterine environment 
 

The effects of heat stress on oocyte and embryo 
quality in cattle (Al-Katanani et al., 2002; Ferreira et 
al., 2011; Silva et al., 2013) have been evaluated in 
several studies. However, reports exploring the effects 
of heat-stress on the uterine environment in cattle are 
rare. Apparently, heat-stressed cows have major 
alterations in the oviduct (Kobayashi et al., 2013) and 
uterine environment (Putney et al., 1988; Malayer and 
Woods, 1998) that in addition to perturbed follicle 
development and oocyte quality, may help explain the 
sharp drop in conception results experienced by herds 
during warmer months of the year. An early study 
(Putney et al., 1988), looked into PGF2α secretion in 
bovine endometrium tissues collected at day 17 of the 
estrous cycle from cyclic and pregnant cows and 
exposed to heat-stress conditions in vitro. Results from 
this trial are remarkable because heat-stress induced a 
rapid release of PGF2α regardless of reproductive status 
of the cow. More importantly, oxytocin failed to cause 
PGF2α release in endometrial tissues from pregnant 
cows kept at 39°C; however, when oxytocin was added 
to endometrial tissues at greater temperatures (42°C - to 
mimic heat stress conditions), it caused PGF2α release 
even in endometrium from pregnant cows. The authors 
suggest that the embryo may have more problems in 
inhibiting PGF2α release during heat stress. Besides 
that, other studies (Kobayashi et al., 2013) described 
changes in the oviduct after exposure to heat stress, with 
significant changes in oviduct-smooth muscle motility 
that could perturb transport of gametes in the oviduct 
and transport of the embryo to the uterus. This could 
actually explain lower fertilization rates found in dairy 
cows during summer months (Sartori et al., 2002). 

Additionally, it has been previously reported (Dreiling 
et al., 1991) that pregnant ewes exposed to warmer 
temperatures had much lower uterine blood flow (20 to 
30% lower uterine flow for each 1°C increase in 
temperature), had greater circulating oxytocin and 
antidiuretic hormones, and produced offspring of much 
smaller size. Collectively, heat stress can induce 
important changes in the reproductive physiology of the 
pregnant uterus and in the future offspring, above and 
beyond its commonly discussed effects in oocyte quality 
and embryo development.   

 
 

Body condition loss, negative energy balance (NEB) 
and their consequences on early embryo and fertility 
 

At beginning of lactation, dry matter intake is 
generally low and not coupled with the large amounts of 
milk being produced. Thus, most modern dairy cows 
will undergo a normal period of NEB (Grummer, 2008), 
in which cows will utilize their own fat reserves to 
maintain high levels of milk production. As a result of 
fat mobilization, NEFA are released from adipose tissue 
into circulation (Weber et al., 2013). Plasma NEFA 
concentrations begin to increase even before parturition, 
reach peak concentrations near the time of parturition, 
and decrease in the postpartum period (Grummer et al., 
2010). Increased postpartum NEFA concentrations are 
associated with a number of metabolic alterations 
including decreased milk production, ketosis, displaced 
abomasum, retained placenta, and metritis, all of which 
have been shown to alter uterine environment and 
oocyte quality (through its direct or indirect effects) 
with ultimate detrimental results in reproduction 
(Bisinotto et al., 2012). For example, cows with lower
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body condition scores are far more likely to be anovular 
near the time of 1st AI and generally have much lower 
fertility and greater rates of embryonic losses (Santos 
and Rutigliano, 2009). Poor fertility of anovular cows 
can be attributed at least in part to early expression of 
oxytocin receptors in the uterine lumen and premature 
PGF2 release leading to short cycles (McCracken et 
al., 1999). Thus, uncoupled dry matter intake and level 
of milk production may lead to anovulation, which in 
turn will have a great impact in uterine lumen that will 
prematurely trigger CL regression, leading to embryonic 
death in cows having short-cycles.  

Besides alterations in CL regression 
mechanisms through changes in oxytocin receptor 
expression induced by NEB, uterine involution may also 
be compromised by severe NEB with associated 
increased concentrations of NEFA commonly observed 
in the early postpartum in lactating dairy cows. As 
mentioned earlier, authors (Wathes et al., 2007, 2011) 
described that cows having severe NEB have much 
greater levels of inflammation in the uterus, and greater 
expression of genes involved in tissue remodeling. In this 

regard, we have recently shown (Carvalho et al., 2014) 
that levels of NEB and actual drop in body weight after 
calving are directly related to embryo quality, likely 
through major alterations in the uterine environment and 
oocyte quality. Body weight was monitored from calving 
to 70 ± 3 DIM, when cows were superovulated and 
flushed. In one of the analysis, we have divided cows in 
quartiles of body weight loss from calving to the 3rd 
week postpartum, in which Q1 included cows with least 
amount of body weight loss and Q4 cows with the 
greatest amount of body weight loss. All cows were 
superovulated with the same protocol and flushed at ~70 
DIM. It seems clear that cows in Q4 (those that lost more 
weight from calving to 3rd week postpartum) had lower 
rates of fertilized structures, more degenerated embryos, 
and less transferable and freezable embryos (Fig. 5). 
These results are also in alignment with much worse 
conception rate for cows that lost more body condition 
score after freshening, as reported in the same 
manuscript from (Carvalho et al., 2014), highlighting 
the importance of minimizing NEB and excessive body 
score losses during the postpartum period in dairy cows. 

 

 
Figure 5. Embryo characteristics and percentage of body weight change from calving to 3 weeks postpartum in lactating 
Holstein cows. a,bMeans without a common superscript differed (P < 0.05). Adapted from Carvalho et al., 2014. 
 
 

Conclusions 
 

A variety of factors related to management, 
calving process, and altered physiology of modern 
lactating cows seem to have important effects to 
orchestrate uterine environment, oocyte quality and 
ultimately fertility. Traditional theories that relate poor 
embryo development due to lower circulating P4 post-

ovulation, although important, are obviously not the 
only culprit for poor embryo viability in modern cows. 
Some important alternative solutions to improve uterine 
environment in dairy cows may involve the utilization 
of better synchronization programs that create a more 
ideal profile of steroid hormones and follicle size near 
the time of AI, mitigate heat-stress in order to improve 
oocyte quality and uterine environment, and avoiding
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excessive body weight losses in the fresh period that 
seem to be related to altered blood metabolites and poor 
embryo quality and fertility. 
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Abstract 
 

This review highlights the importance of 
energy and protein nutrition of the dam on embryo 
production and embryo development. Fertility is 
reduced by greater negative energy balance post-partum 
as manifest by reductions in fertility and embryo quality 
associated with lower body condition score (BCS) but 
particularly with greater postpartum loss of BCS. In 
addition, excessive energy intake, particularly from high 
carbohydrate diets can reduce fertilization and embryo 
quality in some but not all circumstances. High protein 
diets have been found to reduce embryo quality by day 
7 after breeding, possibly due to greater blood urea 
nitrogen, however this negative effect is not observed in 
all studies. Sufficient circulating concentrations of 
amino acids, particularly rate-limiting amino acids such 
as methionine and lysine are critical for optimal milk 
production. The rate-limiting amino acids may also 
impact embryonic development, perhaps through 
improved amino acid profiles in the uterine lumen. 
Methionine may also have direct epigenetic effects in 
the embryo by methylation of DNA. Future studies are 
needed to replicate previously observed positive and 
negative effects of energy, excess protein, and amino 
acid supplementation in order to provide further insight 
into how embryonic development can be rationally 
manipulated using nutritional strategies.  
 
Keywords: amino acids, embryo, energy, methionine, 
nutrition, protein. 
 

Introduction 
 

A number of reviews have highlighted the 
importance of nutrition in regulating bovine 
reproductive efficiency (Rabiee et al., 2001; 
Vasconcelos et al., 2003; Wu et al., 2004; Wiltbank et 
al., 2006; Grummer et al., 2010; Santos et al., 2010; 
Cardoso et al., 2013). The effects of nutrition in the 
donor cow have been particularly emphasized (Santos et 
al., 2008; Sartori et al., 2010, 2013; Velazquez, 2011; 
Wu et al., 2013). This review will specifically focus on 
the effects of energy and protein nutrition in the dam on 
bovine preimplantation embryo development.  

The effects of inadequate or excessive energy, 

protein, or specific amino acids could be having effects 
at multiple stages of the reproductive process. First, 
effects during the early post-partum period have been 
postulated to alter the oocyte and subsequent embryo 
development after fertilization of this perturbed oocyte 
(Britt, 1992). Second, changes in circulating factors 
such as insulin, glucose, urea, or amino acids during the 
final stages of oocyte development, prior to ovulation, 
can profoundly impact fertilization or embryo 
development (Ocon and Hansen, 2003; Adamiak et al., 
2005, 2006; Bender et al., 2014). A third obvious target 
of nutrition on the embryo, is during the first week of 
embryo development when changes in oviductal and 
uterine environment could alter development of the 
embryo to the blastocyst stage (Steeves and Gardner, 
1999a, b; Steeves et al., 1999). Finally, changes in 
circulating energy sources, such as glucose and 
propionate, and building blocks for cells, such as amino 
acids, could alter the uterine lumen and subsequently 
alter hatching and embryo elongation. The elongating 
embryo secretes the protein interferon-tau that is 
essential for rescue of the corpus luteum and can alter 
expression of specific proteins, such as amino acid 
transporters in endometrial epithelial cells, and thus 
alter the concentrations of many substances in the 
uterine lumen (Gao et al., 2009c; Hugentobler et al., 
2010; Groebner et al., 2011). Alternatively, select 
nutrients in the uterine lumen can also alter interferon-
tau expression (Kim et al., 2011). During all the time 
prior to embryo attachment to the uterine caruncles, the 
embryo is free-floating and is dependent upon uterine 
secretions into the uterine lumen, termed histotroph, for 
energy and the building blocks for development, 
including amino acids. Thus, deficiencies or excesses of 
energy, protein, or specific amino acids could have 
targeted impact on a specific stage of oocyte/embryo 
development or may have multiple, potentially additive 
effects, on reproductive processes. Complete 
characterization of all of these nutritional effects on 
reproduction is likely to be impossible but this 
manuscript attempts to review some of the key studies 
that have been designed to begin to unravel some of 
these specific effects. Due to space limitations, many 
specific nutritional effects will not be approached in this 
particular review article, including effects of fatty acid 
supplementation, as well as vitamin and mineral
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supplementation or deficiencies, however some of these 
aspects have been recently reviewed (Santos et al., 
2008; Velazquez, 2011; Leroy et al., 2013, 2014).  

 
Energy intake, carbohydrates, and insulin effects on 

embryo quality 
 
Effects of BCS and changes in BCS on fertility and 
embryo quality  

 
The relationships between energy intake, 

energy output, and form of dietary energy (fiber vs. non-
fiber carbohydrate, NFC) have been shown to produce 
profound effects on metabolic status of the cow and, in 
some cases, reproductive performance of both dairy and 
beef cattle. Part of this effect is due to a delayed return 
to cyclicity. Negative energy balance decreases 
dominant follicle growth and estradiol (E2) production 
probably related to the decrease in LH pulses as well as 
the decrease in circulating insulin and IGF-1 (Canfield 
and Butler, 1990; Butler, 2003, 2005). The magnitude of 
BCS loss after calving can increase in the percentage of 
cows that are not cycling at the end of the voluntary 
waiting period (Gumen et al., 2003; Santos et al., 2004, 
2009; Lopez et al., 2005). An increase in percentage of 
anovular cows will lower reproductive efficiency in 
programs using detection of estrus or synchronized 
ovulation and timed AI (TAI; Gumen et al., 2003; 
Santos et al., 2009). Cows with lower BCS near the 
time of AI have decreased fertility (Moreira et al., 2000; 
Souza et al., 2008) and this may be related to increased 
anovulation as BCS decreases.  

In a recent retrospective study (Carvalho et al., 
2014), we evaluated the effect of BCS near TAI on 
reproductive performance of lactating dairy cows 
treated with Double-Ovsynch (Souza et al., 2008; 
Herlihy et al., 2012) to induce cyclicity and synchronize 
ovulation. Cows with low BCS (<2.5) compared to 
higher BCS (>2.75) had greater incidence of anovulation 
(12.3% [21/171] vs. 4.9% [22/451]; P = 0.0006) and 
decreased pregnancies per AI (P/AI; 40.4% [105/260] vs. 
49.2% [415/843]; P = 0.03). Thus, BCS near AI has a 
small but significant effect on fertility even when cows 
are induced into cyclicity using a GnRH-based protocol, 
such as Double-Ovsynch. 

Potentially even more important to fertility 
than the absolute BCS at the time of AI is the amount of 
BCS loss between parturition and first AI (López-Gatius 
et al., 2003; Santos et al., 2009). Consistent with this 
idea, in experiment 2 of our study (Carvalho et al., 
2014) we observed a much more dramatic effect on 
P/AI when we evaluated cows for BCS change between 
calving and 21 day after calving. The P/AI differed 
(P < 0.001) dramatically among BCS change categories 

and was greater for cows that gained BCS (83.5%; 
353/423), intermediate for cows that maintained BCS 
(38.2%; 258/675), and least for cows that lost BCS 
(25.1%; 198/789). Thus, these results are consistent 
with the idea first introduced by Britt (1992), who 
postulated that energy status during the early post-partum 
period could alter follicular/oocyte quality resulting in 
negative effects on subsequent fertility in lactating dairy 
cows.   

In experiment 3 (Carvalho et al., 2014), we 
decided to directly test this hypothesis by evaluating the 
effect of early postpartum body weight loss on embryo 
quality from superovulated cows (Carvalho et al., 2014). 
The body weight of lactating dairy cows (n = 71) was 
measured weekly from first to ninth week postpartum 
and then all cows had superovulation induced using a 
modified Double-Ovsynch protocol. Cows were divided 
into quartiles by percentage of body weight change (Q1 
= least change; Q4 = most change) from calving until 
third week postpartum. There was no effect of quartile 
on number of ovulations, total embryos collected, or 
percentage of oocytes that were fertilized; however, the 
percentage of fertilized oocytes that were transferable 
embryos was greater for cows in Q1, Q2 and Q3 than 
Q4 (83.8, 75.2, 82.6, and 53.2%, respectively). In 
addition, percentage of degenerated embryos was least 
for cows in Q1, Q2, and Q3 and greatest for Q4 (9.6, 
14.5, 12.6, and 35.2% respectively). Thus the effect of 
changes in BCS during the early post-partum period on 
subsequent fertility at first AI could be partially 
explained by the reduction in embryo quality and 
increase in degenerate embryos by day 7 after AI in 
cows that lost more body weight from first to third week 
postpartum. This result is obviously consistent with the 
hypothesis introduced by Britt (1992). 

A retrospective study of 642 Bos taurus beef 
cattle donors (Table 1), predominantly Angus, evaluated 
the effect of BCS on superstimulation and embryo 
quality (Garcia Guerra et al., 2007). Elevated but not 
lowered BCS was associated with decreased 
superovulatory response as measured by number of 
corpora lutea (P < 0.0001), total ova/embryo recovered 
(P = 0.0004), and number of fertilized ova (P < 0.0001). 
However, no differences in number of transferable 
embryos were detected, primarily because the percentage 
of fertilized ova that resulted in transferable embryos was 
greater (P < 0.0001) in donors with higher BCS. 

Thus, BCS and particularly BCS change has 
been shown to have dramatic effects on fertility on early 
embryo development in dairy cattle. Results from this 
study in Bos taurus beef cattle were more consistent 
with a negative effect of elevated BCS on 
superovulatory response but not on embryo 
development.  
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Table 1. Effect of body condition score (BCS; on scale of 1 to 5 using 0.5 increments) on superovulatory responses.  
Body condition score 2 to 2.5 3 to 3.5 4 to 4.5 5 P-value 

Corpora Lutea 15.0 ± 1.4ab 15.7 ± 0.5a 13.9 ± 0.5b 12.1 ± 0.9c <0.0001 
Total ova/embryo 13.8 ± 1.6ab 14.0 ± 0.5a 12.3 ± 0.6b 11.0 ± 1.0b 0.0004 
Fertilized ova 10.5 ± 1.5a 9.6 ± 0.3a 7.9 ± 0.4b 6.9 ± 0.7b <0.0001 
% Fertilized ova (Fertilized/Total) 74.0 ± 5.2 72.2 ± 1.5 71.6 ± 1.8 64.3 ± 3.3 0.1158 
Transferable embryos   5.5 ± 0.8 5.1 ± 0.2 4.9 ± 0.2 4.6 ± 0.5 0.6196 
% Transferable of fertilized 
(Transferableembryos/Fertilized) 

59.7 ± 4.7bc 57.6 ± 1.4c 68.3 ± 1.7ab 72.8 ± 2.7a <0.0001 

% Transferable of total 
(Transferable embryos/Total) 

40.3 ± 3.4ab 40.3 ± 1.3b 47.7 ± 1.8a 45.4 ± 3.0ab 0.0383 
a-cValues with different superscripts within row differ (P<0.05); Mean ± SEM. 

 
Effects of high energy diets or feed restriction on 
embryo quality 
 

Another contrasting idea related to dietary 
energy intake and energy balance is reduction in embryo 
quality that has been observed in some studies when 
cows were fed excessive energy in the diet. Increases in 
feed intake or increased dietary NFC have been found to 
alter insulin (Adamiak et al., 2005, 2006), progesterone 
(P4; Sangsritavong et al., 2002; Vasconcelos et al., 
2003), and superovulatory success (Yaakub et al., 1999). 
Superovulated beef heifers that were fed a high energy 
diet ad libitum (excessive energy) compared to 81% of 
ad libitum intake had reduced number of CL, reduced 
number of recovered structures, and dramatically 
reduced yield of transferrable embryos (Yaakub et al., 
1999). Thus, excessive energy consumption can alter 
embryo development, although the mechanism(s) for 
these effects and whether the effects are on the oocyte 
or directly on the early embryo are not yet fully 
described. An important idea that needs to still be 
adequately tested is that excessive energy could lead to 
overstimulation of the follicle and oocyte leading to 
subsequent reductions in embryo development (Webb 
and Campbell, 2007; Garnsworthy et al., 2008a, b; 
Rooke et al., 2009). Some evidence for negative effects 
of overfeeding on embryo development is provided by a 
study using superovulated ewes in which overfeeding 
(2.2 times maintenance) dramatically reduced embryo 
quality compared to underfed (0.5 times maintenance) 
ewes (Lozano et al., 2003). This last study, as well as 
others in lactating cows (Sangsritavong et al., 2002; 
Vasconcelos et al., 2003), also observed that animals 
with higher feed intake had reduced circulating P4 
concentrations. Previous studies have shown that 
increased circulating P4 concentrations during 
superovulation increased embryo quality and number of 
transferrable embryos (Nasser et al., 2011; Rivera et al., 
2011). Lower circulating P4 may lead to increased LH 
pulses possibly leading to premature resumption of 
meiosis and ovulation of an oocyte of reduced fertility, 
as has been observed in persistent follicle models 
(Roberson et al., 1989; Revah and Butler, 1996). In 
addition to effect of P4 during preovulatory follicle 

development, increasing circulating P4 concentrations 
after breeding, during early embryo development, can 
increase embryo development, particularly increasing 
length of the preimplantation embryo (Lonergan et al., 
2013; Lonergan and Forde, 2014; Maillo et al., 2014; 
O'Hara et al., 2014a, b; Wiltbank et al., 2014). 

In addition, excessive elevations in insulin may 
decrease oocyte quality and subsequent embryo 
development. Adamiak et al. (2005) conducted an 
elaborate experiment collecting oocytes via 
ultrasound-guided transvaginal follicular aspiration in 
beef x dairy crossbred heifers exposed to either 
maintenance (M) or two times maintenance (2M) feed 
levels over a period of three successive estrous cycles. 
The study found that the effect of feeding level on 
oocyte quality is dependent on body condition of the 
heifers; thus, the high feeding level had a positive 
impact on oocytes recovered from heifers in a low body 
condition score but had a negative impact on oocytes 
recovered from heifers of a moderately high body 
condition score.  In addition, many of the moderately fat 
heifers were hyperinsulinemic, which also had a 
negative impact on oocyte quality. In a similar study, 
heifers exposed to a high starch diet had a 
corresponding increase in circulating insulin 
concentrations and a subsequent decrease in blastocyst 
production rate (Adamiak et al., 2006). Thus, excessive 
energy intake may reduce embryo quality through 
elevations in LH pulses or through excessive insulin or 
other metabolic signal associated with consumption of a 
high carbohydrate diet or excess energy. 

We tested these ideas in multiple experiments 
during the last few years. Nonlactating Nelore cows 
(n = 32) were offered maintenance (M, 1.2% of DM/kg 
of BW), 0.7 x M, or 1.5 x M diets for 42 days, in a 
cross-over design (Sartori et al., 2009). Superstimulatory 
response was slightly lower in the low energy group 
compared to the maintenance group (14.6 ± 1.6a vs. 
12.6 ± 1.4b vs. 13.6 ± 1.5ab number of follicles > 6 mm; 
P < 0.05), whereas, there were no differences in 
superovulatory response (11.0 ± 1.4 vs. 9.8 ± 1.3 vs. 
10.2 ± 1.3 corpora lutea; P > 0.05), fertilization rate 
(P = 0.71) or percentage of viable embryos (P = 0.98) 
among M, 0.7 x M, and 1.5 x M, respectively. In
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another cross-over designed experiment by the Sartori 
laboratory, 14 Simmental x Nelore crossbred beef cows 
with high BCS, were fed either a maintenance diet or 
were overfed for 7 days prior to superovulation. 
Superstimulation and superovulation were similar, 
however, overfed cows had lower numbers of 
embryos/ova and viable embryos recovered as 
compared to the maintenance diet group (9.5 ± 1.8 vs. 
14.1 ± 2.3 and 6.7 ± 1.5 vs. 10.7 ± 2.1, respectively 
(Sartori et al., 2009). Thus in beef cattle, carefully-
designed feeding trials (Sartori et al., 2009) have found 
either no effect (Bos indicus) or a negative effect (cross-
bred) of high energy diets on embryo production. 

In later lactation Holstein dairy cows, energy 
intake generally exceeds energy output and therefore 
cows are in positive energy balance and circulating 
insulin is elevated. Acute restriction of feed intake 
reduced circulating insulin and increased circulating P4 in 
late lactation dairy cows (Ferraretto et al., 2014). We 
used this model to test specific hypotheses related to feed 
intake (ad-libitum intake vs. 25% feed restricted) and LH 
(± additional LH) in superovulated Holstein cows in late 
lactation using a 2 x 2 Latin Square design (Bender et al., 
2014). Our first hypothesis was that acute feed restriction 
(25%) during a superovulation protocol would not alter 
ovulation rate but would increase embryo quality. Our 
second hypothesis was that increasing LH during the 
superovulation protocol would increase ovulation rate but 
might reduce embryo quality. Finally, we hypothesized 
that there would be important interactions between these 
two treatments with increasing LH in the FSH 
preparation, potentially leading to increased embryo yield 
in feed-restricted cows but potentially having a negative 

effect in cows fed ad libitum.  
As expected, feed restriction had a substantial 

effect on circulating insulin concentrations without 
changing plasma glucose concentrations (Bender et al., 
2014). Large changes were not observed in numbers of 
large follicles on the final day of superstimulation, in 
the percentage of these follicles that ovulated, or in the 
number of CL on the day of flushing. Probably the most 
consistent and biologically-interesting result from this 
study was an interaction that was found between feed 
restriction and amount of LH during the superovulation 
protocol on the percentage of oocytes that were 
fertilized, and on the percentage of total structures that 
were Quality 1 and 2 embryos compared to degenerate 
embryos (Table 2). It appears that combining ad libitum 
feeding and high LH reduced percentage of oocytes that 
were fertilized and subsequent embryo quality of 
fertilized oocytes. This is consistent with the idea that 
high LH combined with high insulin can reduce embryo 
quality. Conversely, feed-restricted cows with low LH 
in the superovulation preparation also had reduced 
fertilization of oocytes, reduced percentage of Quality 1 
and 2 embryos (of total structures), and increased 
degenerate embryos. However, increasing LH in feed-
restricted cows increased embryo quality. Thus, there 
was an interaction between these two treatments on 
embryo quality that is consistent with the idea that 
optimizing superovulatory success requires 
consideration of both the hormonal and metabolic state 
of the superovulated cow with conditions that produce 
both high LH and high insulin (excess energy 
consumption) apparently being negative for fertilization 
and embryo quality (Bender et al., 2014).  

 
Table 2. Superovulatory response (LSM ± SEM) using data from 1st periods from experiment 1 and 2 (Bender et al., 
2014). Superovulated, lactating Holstein dairy cows were fed either ad libitum or were feed restricted and exposed 
to either low LH or high LH during superovulation. 
 
Parameter 

Feed 
Feed LH 

Feed*LH 
Interaction Ad-libitum 

High LH 
Ad-libitum 

Low LH 
Feed restricted 

High LH 
Feed restricted 

Low LH 
CL Number (n) 22.1 ± 3.9 16.6 ± 3.9 17.0 ± 3.9  19.4 ± 3.9 0.76 0.69 0.32 
Fertilization Rate (%) 47.9b ± 10.0  89.4a ± 10.8  80.1a ± 10.8 59.9b ± 10.0 0.90 0.32 <0.01 
 
Quality 1 & 2 Embryos 
% of fertilized   59.5B ± 12.0 76.7AB ± 12.0 88.3A ± 12.0  70.3AB ± 11.1 0.35 0.97 0.15 
% of  total   structures  35.6b,B ± 11.6 76.7a,A ± 11.6  73.4a,A ± 11.6 47.3ab,B ± 10.8 0.72 0.52 <0.01 
 
Degenerate embryos 
% of fertilized 37.8A ± 12.0 22.8AB ± 12.0 9.1B ± 12.0 29.8AB ± 11.1 0.37 0.81 0.14 
a,bWithin response variable, means with different superscript significantly differ (P < 0.05). A,BWithin response 
variable, means with different superscript tend to differ (P < 0.15). 
 

An inverse way to test this hypothesis is to 
increase insulin and/or LH in cows on a maintenance 
diet. In a preliminary experiment, 8 lactating, pregnant 
Holstein cows were utilized to determine an effective 
propylene glycol (PROP) dose to produce an increase in 
circulating insulin (Hackbart et al., 2011). In the main 
experiment (Hackbart and Wiltbank, 2014, Department 

of Dairy Science, University of Wisconsin-Madison, WI, 
USA, unpublished), seventeen non-lactating Holstein 
cows were superovulated in an experiment that used a 
Latin-square design to determine the effects of 
increased insulin (PRO) and/or LH during antral follicle 
development (superstimulation) on oocyte quality as 
determined by fertilization and early embryo quality.
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Cows were orally drenched with PROP every 4 h from 
the start of the ovulatory follicle wave until ovulation (8 h 
after follicular aspiration until 24 h after GnRH to 
induce superovulation; ~7 day) to induce 
hyperinsulinemia. The LH concentrations were altered 
by increasing LH (3-fold) in the FSH preparation during 
the last 2 days of superovulation. Treatment groups were: 
Control-oral drenching with water and administration of a 
low-LH preparation; High LH-drenching with water and 
use of a high-LH preparation; High Insulin-drenching 
with PROP and administration of a low-LH preparation; 
High Insulin & High LH - drenching with PROP and 
administration of a high-LH preparation. PROP was 
effective at increasing glucose (P < 0.05) and insulin 
(P < 0.02) concentrations at all times that were analyzed 
and there was evidence that insulin resistance was 
produced by day 5 of treatment with PROP. Neither 
insulin nor LH affected numbers of follicles >9 mm at 
the time of the GnRH-induced LH surge, although the 
percentage of these follicles that ovulated was decreased 
by both insulin (P = 0.002) and LH (P = 0.048). In 
addition, insulin tended (P = 0.056) to decrease the total 
number of ovulations. Insulin reduced (P = 0.028) the 
fertilization rate, while LH tended (P = 0.092) to 
increase fertilization rate. The negative effect of insulin 
on fertilization was also reflected in the negative 
correlation between fertilization rate and insulin 
concentrations on day 5 when data from all cows were 
analyzed (r = -0.23; P < 0.1). There was no effect of 
either insulin or LH on any measure of embryo quality 
including percentage of embryos that were degenerate, 
Quality 1 or Quality 1 and 2 embryos of total recovered 
structures or of fertilized structures (Table 3). 
Consistent with our results, a previous study of cultured 
bovine follicles found that addition of insulin reduced 
cleavage rates after in vitro fertilization but did not 

reduce the percentage of cleaved embryos that 
developed to blastocysts (Fouladi-Nashta and Campbell, 
2006). In contrast, other studies report no reduction in 
cleavage rates in hyperinsulinemic cows, although the 
percentage of cleaved embryos that develop to 
blastocysts is altered (Adamiak et al., 2005, 2006). Thus, 
all of these results are consistent with the concept that 
an acute elevation in insulin during the preovulatory 
follicular wave can alter follicular function resulting in 
lower percentage of large follicles that ovulate, 
particularly when combined with increased LH, and, in 
some cases, reduced fertilization of ovulated oocytes. 

In conclusion, it seems clear that negative 
energy balance during the first three weeks after calving 
can have a negative impact on fertility at the first AI, 
even though the AI occurred more than five weeks after 
the original negative energy balance. The harmful effect 
of negative energy balance during the transition period 
is manifest in reduced embryo development during the 
first week after AI, suggesting a lingering effect of the 
transition problems on oocyte competence. In addition, 
excessive energy intake during the final stages of 
follicular development did not appear to have a negative 
effect in Nelore cows but was somewhat negative for 
embryo quality in over conditioned cross-bred beef 
cattle. In late lactation Holstein cows, feed restriction 
had a positive effect on embryo quality in cows that had 
supplemental LH but was negative in cows without 
additional LH. In dry Holstein cows on a maintenance 
diet, elevations in insulin reduced fertilization, 
suggesting a negative effect of insulin on oocyte quality, 
but did not alter subsequent embryo development or 
quality. Thus, the breed, BCS, and current metabolic 
status of the cow need to be considered when deciding 
the optimal nutritional and hormonal programs to use 
during embryo production.   

 
Table 3. Ovarian and hormonal parameters in non-lactating Holstein cows that were orally drenched with water and 
superovulated with low concentrations of LH (Control) or high concentrations of LH (High LH) or orally drenched 
with propylene glycol every 4 h for 7 day and superovulated with low concentrations of LH (High Insulin) or with 
high concentrations of LH (High Insulin and High LH). 

 
Parameter 

Mean (± SEM) Effects 

Control High LH High Insulin 
High 

Insulin&LH 
Insulin LH Insulin*LH 

CL Number 15.8 ± 2.5 15.4 ± 2.1 13.9 ± 1.8 12.6 ± 1.6 0.0560 0.6185 0.9658 

Fertilization (%) 71.1 ± 8.7ab,A 76.3 ± 8.5a,A 51.5 ± 8.0b,B 75.4 ± 4.5ab,AB 0.0281 0.0917 0.2627 

 

Quality 1 & 2 embryos 

% of fertilized 63.1 ± 10.0 61.6 ± 10.8 53.6 ± 10.6 75.4 ± 6.1 0.9192 0.3912 0.2496 

% of  total structures  52.5 ± 10.1 51.3 ± 10.7 34.1 ± 8.0 58.1 ± 6.7 0.4538 0.1834 0.1585 

 

Degenerate embryos 

% of fertilized 29.0 ± 10.0 36.6 ± 10.8 34.6 ± 10.9 19.4 ± 6.6 0.3255 0.8675 0.1903 
a,bWithin response variable, means with different superscript significantly differ (P < 0.05). A,BWithin response 
variable, means with different superscript tend to differ (P < 0.15). 
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Effects of protein and amino acid nutrition on 
embryo quality 

 
Effects of high protein diets and elevated blood urea 
nitrogen on embryos 
 

Protein nutrition has also been investigated in 
relation to reproductive efficiency and embryonic 
development in many types of studies (Butler, 1998; 
Santos et al., 2008; Velazquez, 2011). One major idea is 
that elevated crude protein or protein degradability in 
the diet leads to elevated urea nitrogen. This high urea 
nitrogen, measured in blood or milk is associated with, 
and may be the cause of, reduced fertility in lactating 
dairy cows. A recent meta-analysis evaluated the results 
from 32 treatment comparisons published in 21 studies 
(Lean et al., 2012). In these studies, increased dietary 
protein or increased degradability of dietary protein 
decreased risk of pregnancy by 9%. However there was 
no association between blood urea nitrogen (BUN) and 
risk of pregnancy, possibly due to technical aspects of 
BUN quantification or a relatively minor role of this 
metabolite in the reduced fertility.  Nevertheless, there 
are many reasons to reduce crude protein in dairy cow 
diets including costs, environmental impacts, and 
efficiency of nitrogen utilization (Sinclair et al., 2014).  

Reduced development of early embryos has 
been demonstrated when cows are fed excess rumen 
degradable protein (Blanchard et al., 1990) or excess 
dietary urea (Dawuda et al., 2002). In sheep, excess 
dietary urea reduced fertility due primarily to effects 
that occurred before day 4 of pregnancy (McEvoy et al., 
1997; Fahey et al., 2001), with some probable effects on 
fetal growth in surviving embryos (McEvoy et al., 
1997). In addition, cows with high serum urea nitrogen 
concentrations had reduced fertilization and embryo 
development (Leroy et al., 2008; Lee et al., 2012). For 
example in a retrospective study of 180 lactating, 
superovulated dairy cows (Lee et al., 2012), lactating 
cows with medium milk urea nitrogen (MUN; 12 < MUN 
< 18 mg/dL) had greater number of transferable 
embryos (7.4 ± 0.6 vs. 4.6 ± 0.6; P < 0.05) compared to 
cows with high MUN (>18 mg/dL). In an elegant study 
using beef heifers supplemented with urea with either 
high energy or low energy diets, there was no effect of 
urea on fertility following transfer of an in vitro 
produced embryo on day 7 after estrus (Gath et al., 
2012). This indicated that high blood urea nitrogen did 
not seem to disrupt pregnancy between day 7 to 35 after 
breeding, at least in this animal model. Heifers were 
also superovulated on these three diets (Control = high 
energy; High energy with high urea; Low energy with 
high urea) and embryos were flushed from the oviduct 
at 3 day after AI. There was no effect of diet on number 
of CL or number of structures recovered, however 
heifers supplemented with urea (both groups) had 
greater fertilization rate compared to controls (61.3 vs. 
92.0 and 86.8%; P < 0.05). Thus, no negative effects of 

dramatic increases in blood urea nitrogen were observed 
in this experiment. Perhaps the negative effects of urea 
are at a later stage than 3 days after AI. Indeed, an in 
vitro study provides some evidence for this concept 
(Ocon and Hansen, 2003). When oocytes were matured 
in media containing higher concentrations of urea, the 
subsequent fertilization rate was similar but the 
percentage that developed to the blastocyst stage was 
dramatically reduced. Surprisingly, unlike the negative 
effects on embryo development observed with increased 
urea during oocyte maturation, there was no effect on 
embryo development when fertilized embryos were 
subsequently cultured in high urea concentrations (Ocon 
and Hansen, 2003). High blood urea nitrogen is thought 
to affect embryos by decreasing pH in the uterine lumen. 
In this experiment (Ocon and Hansen, 2003), decreasing 
media pH during incubation of fertilized zygotes was 
found to inhibit progression to blastocyst. Thus, high 
urea can have direct effects on the oocyte during the 
final stages of follicular development producing an 
embryo with reduced embryonic growth potential, as 
well as indirect effects by reducing uterine pH in 
embryos after fertilization.  

In contrast, an in vivo study using Nelore cows 
(n = 68) treated with elevated urea for the 5 days before 
or 5 days after AI provided evidence for a primary 
effect of urea during the fertilization and early embryo 
development period (Alves et al., 2010). Fertilization 
was similar in control and cows treated with urea before 
AI but tended to be reduced (P = 0.07) in cows treated 
with urea after AI (82.2 and 75.3 vs. 50.7%). 
Surprisingly, embryos from cows treated with urea after 
AI, although fewer in number, developed more rapidly 
as shown by percentage of embryos that had only 
attained the compact morula stage when collected on 
day 7 after AI (Control = 76.9%; Urea before = 68.8%; 
Urea after = 38.6%; P = 0.02). Thus, increases in blood 
urea nitrogen due to feeding of diets with urea or excess 
rumen-degradable protein can reduce fertility 
potentially due to effects on the oocyte, fertilization, and 
changes in uterine pH. However, under certain 
circumstances, dramatic increases in blood urea 
nitrogen have no effect on the embryo or may even 
show some positive effects, although this needs to be 
confirmed in studies specifically directed at testing this 
hypothesis. 

 
Effects of supplementation of specific amino acids on 
embryos 
 

Less emphasis has been placed on potential 
positive effects that amino acid supplementation can 
have on reproduction in dairy cattle. Some amino acids 
are limiting for optimal milk production as evidenced by 
an increase in milk yield, percentage of milk protein, 
and milk protein yield after supplementation with 
specific, rumen-protected amino acids (Socha et al., 
2005; Cho et al., 2007; Patton, 2010). Generally the first
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three rate-limiting amino acids for milk production are 
considered to be Methionine, Lysine, and Histidine. In 
addition, many amino acids can have positive effects on 
physiological processes that are independent of their 
effects on synthesis of proteins. This has been termed 
“functional effects” of amino acids and methionine and 
arginine effects are the best studied “functional amino 
acids” that have been linked to reproduction (Bazer et 
al., 2010; Penagaricano et al., 2013). This part of the 
review will focus on concentrations of amino acids in 
oviduct and uterus, followed by a discussion of 
reproductive stages that may be altered by amino acids. 

Table 4 summarizes the concentrations of 
amino acids in plasma, in the oviduct (average of days 0, 
2, 3, 4, and 6 of estrous cycle), and in the uterus 
(average days 6, 8, and 14 of estrous cycle). The data 
are from an elegant study done in crossbred beef heifers 

(Hugentobler et al., 2007). There was no effect of day 
of the cycle on oviductal concentrations of amino acids 
so the average of all measured days is shown. The 
plasma concentrations are the average of the same days 
as oviductal measurements. Nine of the 20 amino acids 
were present at significantly greater concentrations in 
the oviduct than plasma indicating that mechanisms are 
present in the cells of the oviduct that allow 
concentration of amino acids. The uterus also had 
greater concentrations of many amino acids than found 
in plasma from cows on the same days of the estrous 
cycle. The amino acids that were most dramatically 
elevated in uterus, Asp, Asn, Glu, were mostly similar 
to the oviduct. One major difference is that the 
concentration of Tau is much greater in uterus compared 
to oviduct, where Tau was not concentrated compared 
to plasma (Table 4).   

 
Table 4. Concentrations of 19 amino acids in plasma, oviduct, and uterus based on results from Hugentobler et al., 
2006. In addition, the last column compares amino acid concentrations in pregnant vs. non-pregnant uterus near 
embryo elongation (day 15 in sheep (Gao et al., 2009c); day 18 in cattle (Groebner et al., 2011).  

Amino 
Acid 

Oviductal 
[µM] 

Plasma 
[µM] 

Uterine 
[µM] 

Oviduct 
/Plasma, % 

Uterus 
/Plasma % 

Fold Increase in 
pregnant uterus 

Ala 592.2 252.52 353.07 235% 156% 2.87X 
Arg 133.3 94.50 193.87 141% 196% 7.58X 
Asn 41.0 19.60 72.17 209% 357% 5.5X 
Asp 135.5 6.72 120.80 2016% 2059% 4.93X 
Gln 194.7 236.80 208.57 82% 89% 4.06X 
Glu 346.3 62.12 217.63 558% 341% 3.45X 
Gly 1557.6 680.88 1215.73 229% 183% 1.24X 
His 68.8 57.04 109.23 121% 195% 11.48X 
Ile 87.6 86.10 94.10 102% 103% 7.06X 
Leu 192.2 154.72 201.03 124% 121% 4.41X 
Lys 223.7 105.34 209.23 212% 176% 14.39X 
Met 39.8 24.88 40.40 160% 201% 12.39X 
Phe 68.1 38.42 75.50 177% 175% 7.31X 
Ser 172.7 85.54 252.73 202% 301% 2.52X 
Tau 49.4 47.34 440.03 104% 783% 1.09X 
Thr 162.6 133.60 144.60 122% 96% 3.29X 
Trp 36.1 27.52 38.40 131% 134% 4.99X 
Tyr 54.4 25.62 63.73 212% 227% 5.3X 
Val 181.4 170.04 192.47 107% 106% 4.63X 

 
In addition to the mechanisms that concentrate 

amino acids in the uterus in non-pregnant ruminants, 
there are additional mechanisms that result in further 
increases in concentrations of amino acids in the uterine 
lumen in pregnant ruminants near the time of embryo 
elongation (day 14-18). Three studies have provided 
amino acid concentrations near the time of embryo 
elongation; two in sheep (Gao et al., 2009c) and one in 
cattle (Groebner et al., 2011). Although there seems to 
be very little change in amino acid concentrations 
between day 10 and 16 in non-pregnant sheep, there are 
dramatic increases from 3 to 23-fold in specific amino 
acids in the uterine lumen of pregnant sheep (Gao et al., 
2009c). In order to provide some idea of changes in 

uterine amino acids during early pregnancy, we have 
combined the results from these 3 studies into a fold 
increase in amino acids during the time of embryo 
elongation. As shown in Table 1, there is an increase in 
almost all amino acids at the time of embryo elongation. 
Of particular interest for dairy cattle, the three amino 
acids that are considered rate-limiting for milk 
production, Met, His, and Lys, are the amino acids with 
the greatest increase in concentrations in the uterine 
lumen during embryo elongation (>10-fold increase on 
average from these three studies). Arginine is another 
amino acid that has been studied extensively in relation 
to reproduction (Lassala et al., 2011; Wu et al., 2013; Li 
et al., 2014) and it is also highly concentrated in the 
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pregnant uterus. No study has evaluated these increases 
in lactating dairy cows, particularly in dairy cows that 
are deficient vs. sufficient in particular amino acids. In a 
sheep model, maternal nutrient restriction can 
dramatically reduce plasma, uterine, and fetal fluid 
concentrations of amino acids (Kwon et al., 2004) and 
cause fetal growth restriction. This growth restriction 
can be overcome by provision of arginine or sildenafil 
citrate (Viagra; phosphodiesterase-5 inhibitor) that both 
increase uterine blood flow and amino acid 
concentrations in the uterine fluid (Lassala et al., 2010; 
Satterfield et al., 2010). Thus, Arg, although not 
considered rate-limiting for milk production under most 
circumstances, could be limiting for uterine blood flow 
and thereby limit reproductive efficiency of dairy cattle. 
Inadequate supply of other amino acids, particularly the 
rate-limiting amino acids, Met, His, and Lys, could 
hinder the rapid growth of the embryo that occurs 
between day 14 and 19 in the pregnant cow or 
subsequent growth of embryonic, fetal, and placental 
tissues.   

The increase in specific amino acids in the 
uterus near the time of embryo elongation appears to be 
due to an induction of specific amino acid transporters 
in the uterine endometrial cells (Gao et al., 2009a, b; 
Groebner et al., 2011). The induction of these amino 
acid transporters is most likely induced by the protein 
interferon-tau that is secreted by the elongating embryo. 
For example, interferon-tau treatment dramatically 
increased one specific amino acid transporter, SLC15A3, 
in both glandular epithelial (36-fold) and stromal 
epithelial (177-fold) uterine cells (Groebner et al., 2011). 
Thus, there is likely a positive feedback system 
occurring during this critical time of embryo elongation 
with uterine amino acids being essential for rapid 
embryo growth and embryonic interferon-tau 
production; whereas, interferon-tau stimulates active 
amino acid transport through the uterine epithelial cells 
to increase amino acid supply to the elongating embryo. 
Disturbances in the temporal relationship between 
uterine blood flow, induction of uterine amino acid 
transport, uterine amino acid concentrations, embryonic 
growth, embryonic interferon-tau production, and 
rescue/regression of the corpus luteum may reduce 
fertility and increase pregnancy losses.   
 
Effect of supplementing specific rumen-protected amino 
acids on fertility 
 

Numerous studies have evaluated the effects of 
rumen-protected amino acids, particularly methionine, 
on milk production. For example, a recent meta-analysis 
(Vyas and Erdman, 2009) evaluated the results from 35 
experiments on production effects of postruminal 
supplementation with methionine.  At low methionine 
intakes (25 g per cow per day) there were dramatic 
increases in milk protein (16 g of milk protein per gram 
of metabolizable methionine intake); whereas, the 

production response was more muted at high 
methionine intake (70 g per cow per day; increase of 4 g 
of milk protein per g of metabolizable methionine 
intake). Unfortunately, we have been unable to find 
studies in the scientific literature, which were 
specifically designed and adequately powered to 
evaluate the effects of specific amino acids on 
reproductive efficiency of lactating dairy cows. The 
largest study (Polan et al., 1991) combined results  from 
259 cows at 6 Universities evaluating rumen-protected 
methionine and lysine supplementation. They detected 
no significant effect on days to first service, services per 
conception, or calving interval, although no details were 
provided on reproductive measures in each specific 
treatment group. It is obvious that large studies are 
needed to validly evaluate the effects of supplementing 
amino acids on measures of reproductive efficiency in 
lactating dairy cows. 

One of the reasons for the poor definition of 
the role of specific amino acids in reproduction has been 
the use of experimental designs that generally are not 
optimal for making firm conclusions about reproductive 
traits. Some nutrition-reproduction studies use 
individually fed cattle, generally at university facilities, 
providing data that are valid for quantitative variables, 
such as milk production and hormonal concentrations, 
but are underpowered (too few cows per treatment) for 
evaluating binomial variables such as fertility 
(Tempelman, 2009). Alternatively, researchers use 
sufficient numbers of cows on commercial operations 
but nutritional strategies are applied to too few pens to 
allow valid statistical analyses, as previously discussed 
(Tempelman, 2009). To detect a 10% difference in 
pregnancies per AI (P/AI) there would need to be at 
least 180 cows per treatment group. Detection of 
smaller differences would require much greater numbers 
of cows in the experiment. In one manuscript the 
authors state “As nutritional scientists, we tend to put 
production responses above all other responses. 
However, maintaining the health of the cow also has its 
economic benefits and we must consider health 
responses when evaluating the effects and benefits of 
using supplemental Met sources during the 
periparturient period” (Ordway et al., 2009). In other 
species, fecundity and embryo development are 
dependent upon optimal methionine balance (Coelho et 
al., 1989; Rosenkrans et al., 1989; Coelho and Klein, 
1990; Grandison et al., 2009). For example, 
supplementation of culture media with methionine 
increased percentage of porcine embryos that initiated 
hatching (measure of normal embryo development) 
from 56 to 89% (Rosenkrans et al., 1989). 

 
Effect of methionine on embryo development 
 

One particularly interesting study (Coelho et 
al., 1989) used serum from lactating dairy cows in the 
media to grow head-fold stage rat embryos (day 9.5 
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after breeding). Complete development of these 
embryos requires serum and development is normal in 
rat serum. When embryos are grown in serum from 
dairy cows embryonic development is abnormal (Table 
5, Line 1) when measured as total embryo protein, somite 
pairs, or percentage of the embryos that are abnormal (no 
neural tube closure, abnormal shape, no development of 
eyes and branchial arches). Supplementation of bovine 
serum with amino acids and vitamins produced normal 
development (Line 2). Amino acid supplementation 

alone but not vitamin supplementation produced 
normal development. Supplementation of methionine 
alone was sufficient to produce normal development of 
the rat embryos in cow serum (Next to last line of 
Table 5). In a separate experiment, use of serum from 
cows that were supplemented with rumen-protected 
methionine (110 g/day) also produced normal embryo 
development. Thus, bovine serum has such low 
methionine concentrations that normal development of 
rat embryos is retarded. 

 
Table 5. Effect of supplementation of various components on development of head-fold stage rat embryos in bovine 
serum. Data from Coelho et al., 1989.  

Cow serum with Embryo protein Somite pairs % Abnormal 
None   73.7 + 8.6a 12.5 + 1.3a 100% 
Amino acids + vitamins 130.0 + 7.7b 21.5 + 0.6b 0% 
Amino acids 117.1 + 8.5b 21.3 + 0.2b 0% 
Vitamins     56.6 + 5.76a   9.3 + 0.8a 100% 
Amino acids w/o methionine   82.9 + 8.7a 11.0 + 0.7a 100% 
Methionine 133.7 + 5.5b 22.3 + 0.4b 0% 
Serum from cow supplemented with 
110 g/d rumen-protected Met  

135.2 + 9.1 
(Separate study) 

Not measured 0% 

 
The requirements for complete development of 

bovine embryos have not yet been determined. Current 
culture conditions allow production of bovine embryos 
to the blastocyst stage (day 7-8) and even allow 
hatching of a percentage of embryos (day 9), however 
conditions have not been developed that allow 
elongation of embryos in vitro, and definitely do not 
allow culture of bovine embryos to the head-fold stage 
that was analyzed in the rat embryo experiments. The 
methionine requirements for cultured preimplantation 
bovine embryos (day 7-8) was recently determined in 
studies from University of Florida (Bonilla et al., 2010). 
There was a surprisingly low methionine requirement 
(7 µM) for development of embryos to the blastocyst 
stage by day 7, however development to the advanced 
blastocyst stage by day 7 appeared to be optimized at 
about 21 µM (Bonilla et al., 2010). Thus, the results of 
this study indicated that development of 
morphologically normal bovine embryos did not require 
elevated methionine concentrations (>21 µM), at least 
during the first week after fertilization.  

A recent study (Ikeda et al., 2012) evaluated 
whether methionine metabolism was required for 
normal development of bovine embryos. The 
researchers added ethionine or additional methionine to 
cultures of bovine embryos. Ethionine blocks 
metabolism of methionine into the one-carbon pathway 
(termed antimetabolite of methionine). Ethionine did 
not block development to the morula stage but blocked 
development to the blastocyst stage (Control = 38.5%; 
Ethionine = 1.5%). Development to the blastocyst stage 
in the presence of ethionine was partially restored by 
adding S-adenosylmethionine (SAM) which would 
restore the methylation pathway but not restore protein 
synthesis. Thus, methionine has an essential role in the 

development of the bovine embryo from morula to 
blastocyst, that is probably partially mediated by 
hypomethylation in the absence of sufficient methionine.  

We recently evaluated the effect of 
supplementation with rumen-protected methionine on 
early embryo development in superovulated cows 
(Souza et al., 2012a, b). We used superovulated animals 
so that we would have sufficient statistical power by 
evaluating numerous embryos in order to validly test the 
in vivo effects of methionine supplementation on early 
embryo development in lactating dairy cows. In this 
experiment, animals were blocked by parity and calving 
date and randomly assigned to two treatments differing 
in level of dietary methionine supplementation: 1) 
Methionine (MET); diet composed of (%DM) corn 
silage (39.7), alfalfa silage (21.8), HMSC (17.2), 
roasted soybeans (8.6), grass hay (4.6), canola meal 
(4.0), mineral-vitamin mix (2.7) and ProVAAL Ultra 
(w/Smartamine®, 1.4), formulated to deliver 2875 g MP 
with 6.8 Lys %MP and 2.43 Met %MP; 2) Control 
(CON); cows fed the same basal diet but replacing 
ProVAAl Ultra by ProVAAL Advantage (no added 
Smartamine®), formulated to deliver 2875 gr MP with 
6.8 Lys %MP and 1.89 Met %MP. There was an increase 
in both kg of milk protein produced and percentage of 
protein in the milk (Souza et al., 2012b). Thus, from a 
protein production standpoint, methionine appeared to be 
rate-limiting. We measured plasma methionine 
concentrations in this study and found a large effect of 
feeding rumen-protected methionine on circulating 
methionine concentrations (Control = 16.8 µM vs. 
Met-supplemented = 22.9 µM).  

Our primary interest was the effect of 
supplemental Met on embryo quality (Souza et al., 
2012a). We evaluated a total of 570 embryos in this
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experiment and found no differences in fertilization or 
embryo quality (Table 6). Thus, methionine 
supplementation did not alter early embryo development, 
at least from a gross morphological standpoint. 

Even though methionine supplementation 
during the later stages of follicle development and early 
embryo development may not have produced 
morphological changes in the early embryo, it is well 
known that methionine during this time can have 
dramatic effects on the epigenome of the embryo 
(Sinclair et al., 2007). This means that the genes can be 
changed in such a way that they are not expressed in the 
same way due to addition of groups, generally methyl 
groups to the DNA of the cells. For example, a previous 
study in sheep restricted methyl donors by restricting 
methionine, vitamin B12, and folate before and for the 
first 6 days after breeding (Sinclair et al., 2007). They 
then transferred normally-appearing embryos into control 
sheep and then evaluated the lambs after parturition. The 
embryos that were produced in low methionine produced 
lambs that had substantial differences in blood pressure 
and immune function. To test this idea in cattle, we 
evaluated whether the embryos that were recovered 
from cows that had been supplemented or not 
supplemented with methionine had differences in gene 
expression (Penagaricano et al., 2013). 

The objective of this part of the study was to 
evaluate the effect of maternal methionine 
supplementation on the transcriptome of bovine 
preimplantation embryos (Penagaricano et al., 2013). 
Only high quality embryos from individual cows were 
pooled and then analyzed by a powerful technique that 
allows evaluation of all genes that are expressed in these 
embryos, called RNA sequencing. Remarkably, the 
small difference that we produced in circulating 
methionine produced a substantial difference in 
expression of genes in the embryo. A total of 10,662 
genes were significantly expressed in the bovine 
embryos. A total of 276 genes were expressed 

differently, statistically, in embryos from cows 
supplemented or not supplemented with methionine. 
Most of these genes were turned off in embryos from 
cows that were supplemented with methionine. This 
would be expected since methionine supplementation 
leads to methylation of the DNA and this can inhibit 
expression of some specific genes until cells 
differentiate to the appropriate stage when gene 
expression should commence (Wolff et al., 1998; 
Burdge et al., 2007). Thus methionine supplementation 
seemed to change gene expression in a way that may 
lead to improved pregnancy outcomes and improved 
physiology of the offspring. Many of the genes are 
involved in immune function and later stages of embryo 
development that may be critical for pregnancy 
progression and normal immune function after birth. 
Further studies are needed to determine if these changes 
in gene expression lead to changes in embryo 
development, reduced pregnancy loss, and altered 
physiology of the offspring. 

Thus, supplementation of rate-limiting amino 
acids can have substantial effects on milk protein 
content and yield, however, effects on reproduction 
have not yet been adequately evaluated. The dramatic 
induction of the rate-limiting amino acids, Met, His, and 
Lys, in the uterine fluid of pregnant cows near the time 
of embryo elongation suggests that elevated amounts of 
these amino acids may be critical for this important 
stage of embryo development. Supplementation of cows 
with methionine during the final stages of follicular 
development and early embryo development, until day 7 
after breeding, did not lead to gross morphological 
changes in the embryos but did result in dramatic 
differences in gene expression in the embryo. Further 
studies are needed to evaluate whether supplementation 
with these essential amino acids to lactating cows would 
have a beneficial impact on embryo survival and if these 
changes in the early embryo translate into changes in 
pregnancy outcomes or physiology of the resulting calf.  

 
Table 6. Effect of methionine supplementation with Smartamine®, 1.4 on reproductive parameters in superovulated 
lactating dairy cows.  

 Number of cows 
MET CON  

35 37 P-value 

CL number 17.0 ± 1.3 17.7 ± 1.5 0.90 

Total ova/embryos recovered   9.1 ± 1.4   6.8 ± 1.0 0.18 

Number of fertilized ova    6.5± 1.1   5.5 ± 0.9 0.56 

% Fertilized ova 74.7 ± 5.6 82.2 ± 3.8 0.27 

Number of transferable embryos   5.0 ± 0.9   4.3 ± 0.1 0.57 

% Transferable embryos 56.3 ± 6.5 62.5 ± 6.0 0.49 

Number of degenerate embryos   1.5 ± 0.4   1.3 ± 0.4 0.75 

% Degenerate embryos 18.5 ± 4.6 19.7 ± 4.7 0.83 

% Degenerate of fertilized ova 25.1 ± 5.8 27.5 ± 6.0 0.74 
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Final conclusions 
 
Thus, preimplantation embryo development 

can be affected in a positive or negative way by 
deficiencies or excesses of energy/carbohydrates and 
protein/amino acids. Some of the effects on embryo 
development may be occurring during the final stages of 
oocyte development within the preovulatory follicle but 
are only manifest by the blastocyst stage. For example, 
the effects discussed above using feed restriction and 
LH supplementation during follicle development can 
alter subsequent embryo development (Bender et al., 
2014). In addition, some of the effects on embryo 
function may not be manifest in gross morphological 
appearance of the embryos but result in dramatic 
differences in gene expression as observed in the study 
that evaluated embryonic gene expression using 
RNASeq in embryos produced in dams that were 
supplemented or not supplemented with methionine 
(Penagaricano et al., 2013). There is still a great deal 
more fundamental biology that needs to be done to fully 
understand how embryo development can be most 
practically manipulated using nutritional strategies.  
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Abstract 
 

In order for assisted reproduction technologies 
to improve, better methods to discern eggs and embryos 
according to their level of developmental competence 
are urgently required to substitute or complement the 
subjective morphological selection criteria still broadly 
in use. Objective and reliable molecular markers of 
viability have been studied during the last decades as 
robust options to select the best oocytes and embryos 
for embryo transfer programs. These molecular 
methodologies rely mostly on the novel “OMICS” 
technologies. Among these, transcriptomicsis the 
primary platform applied so far in animal breeding 
research mainly due to the possibility to amplify small 
samples. In addition, biomarkers of competence have 
not only been instrumental to select the best oocytes and 
embryos for reproductive technologies, but have also 
shed light on the intricate molecular physiology leading 
to the acquisition of developmental capacity within the 
ovary and on how the embryo manifests this potential 
during culture. Nevertheless, such molecular profiling 
usually implies the destruction of the oocyte/embryo 
hereby preventing the practical use of biomarkers in in 
vitro embryo production and transfer systems. 
Alternatively, encouraging results have been lately 
obtained from non-invasive technologies based on 
biopsies of follicular somatic cells surrounding the 
developing egg, as well as from metabolic analysis of 
follicular fluid or spent culture media. This work 
summarizes the achievements of recent years in the field 
of biomarkers of competent bovine embryos. The main 
challenges will be exposed, while the future guidelines 
will help to comprehend why biomarkers of 
developmental competence appear promising to take us 
steps forward in the amelioration of reproductive 
technologies. 
 
Keywords: bovine, developmental competence, 
embryo, molecular marker, oocyte. 
 

Introduction 
 

Over the course of the last decades assisted 
reproductive technologies (ARTs) have been 
increasingly used to enhance production in domestic 
animals. Among these methodologies, in vitro embryo 
production (IVP) has allowed the quick propagation of 

embryos from parents with genetically desired 
characteristics for the animal breeding industry, and the 
supply of biological material for reproduction research. 
Nonetheless, it is clear that oocytes matured in vitro can 
only produce less than half of the blastocysts than in 
vivo systems in cattle unless special care is applied to 
ovarian preparation prior to oocyte aspiration. Intense 
investigation of the possible causes of decreased 
embryo yields following in vitro culture (IVC) has 
highlighted the poor developmental competence, or 
quality, of the in vitro-matured oocytes in comparison to 
gametes matured in vivo, or of those oocytes collected 
too early or late during the antral phase (Sirard and 
Blondin, 1996; Merton et al., 2003). It is largely 
accepted that the quality of the female gamete directly 
depends on specific gene products: transcripts and 
proteins that are stored in the cytoplasm during oocyte 
growth and support early development during the 
transcriptionally inactive period from maturation up to 
activation of the embryonic genome (Krisher, 2004; 
Sirard, 2010). Understanding these maternal 
constituents has not only been used to decipher the 
intricate regulation of developmental capacity in 
oocytes and cleavage-stage embryos, but also to obtain 
markers of fertility during early development. 
Additionally, embryo culture conditions importantly 
impact developmental success and the molecular origin 
of this effect can also be assessed (Lonergan et al., 
2003b; Cagnone et al., 2012; Gad et al., 2012). 
However, the available methods, mostly relying on 
transcript profiling, involve the sacrifice of the 
oocyte/embryo in order to perform the molecular 
analysis (Bols et al., 2012; Fair, 2012). This has 
prompted the search of non-invasive techniques to 
evaluate competence through the assessment of the 
somatic compartments of the follicle (Bettegowda et al., 
2008; Bunel et al., 2013; Nivet et al., 2013), follicular 
fluid (Matoba et al., 2014), and spent culture media 
(Sturmey et al., 2010; Hemmings et al., 2012), while the 
egg or embryo is preserved for further development. In 
this review, we will focus on the discovery of fertility 
markers in bovine through invasive methodologies, on 
how they have been useful to discern populations of 
oocytes and embryos according to their developmental 
capacity, and on the fact that they were crucial to 
comprehend the complex molecular regulation of 
quality in gametes and embryos. Remarkably, this has 
resulted in the deciphering of some of the mechanisms
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responsible for developmental competence acquisition 
within the ovary throughout folliculogenesis and the 
way that this potential is then revealed after fertilization, 
and later on in embryogenesis. Promising non-invasive 
techniques to analyze developmental competence will 
also be discussed.  
 

Fertility status of oocytes and embryos 
 

“Developmental competence” or “oocyte 
quality” is defined as the capacity of the oocyte to 
successfully mature, be fertilized, and progress through 
development to form a viable blastocyst that can induce 
pregnancy and generate a healthy offspring. In cattle it 
is impossible to transfer all IVP blastocysts to recipient 
cows. Therefore, the developmental competence of 
oocytes is usually measured by their capacity to yield 
blastocysts with adequate morphology and timing for 
being frozen and potentially transferred (Sirard et al., 
2006; Mermillod et al., 2008). For simplicity 
“competence” or “developmental potential” will refer 
here to the ability of either oocytes or early embryos to 
reach the blastocyst stage. Therefore, the term “markers 
of competence” will be used in this work as synonym of 
“markers of fertility”. 

The requirement for practical standards to 
identify oocytes and embryos endowed with the highest 
probability of becoming blastocysts able to induce healthy 
pregnancies successfully carried to term is one of the 
central challenges in the clinical application of ARTs. In 
human, the rate of live births obtained per embryo 
transferred in utero is only approximately 15% and clinics 
around the world continue to try to overcome this problem 
by transferring multiple embryos, which represents one of 
the major risk issues of ARTs. Nowadays, the arbitrary 
morphological selection of oocytes to be subjected to IVF 
or intracytoplasmatic sperm injection, as well as of the 
embryos to be transferred is still controversial and unable 
to effectively discern them according to their level of 
developmental potential. Consequently, human ARTs 
urgently need far more objective and effective criteria to 
select, within a group of embryos, the one with the 
highest developmental capacity in order to transfer a 
single embryo; or to select the oocyte most likely able to 
produce such an embryo (Patrizio, 2007; Hemmings et 
al., 2012 for review). A similar scenario occurs in 
domestic animals, where the blastocyst rate obtained by 
routine IVP from non-stimulated animals is still limited 
to 35-45% of the fertilized oocytes (Bettegowda et al., 
2008; Bols et al., 2012; Boni, 2012 for review). It is 
possible that a male effect exists posterior to syngamy. 
However, it is widely accepted that the embryo’s 
developmental outcome mostly depends on the intrinsic 
quality of the oocyte as demonstrated by the fact that 
existing culture systems can hardly improve blastocyst 
rates of IVP (Blondin et al., 2002; Krisher, 2004; Sirard 
et al., 2006; Sirard, 2010). As in human, the vast 
majority of cattle oocytes (Blondin and Sirard, 1995) 

and embryos (Massip et al., 1995) selected for ARTs 
are still graded through subjective morphological 
standards that do not accurately evaluate the intrinsic 
developmental capacity of the oocyte/embryo increasing 
variability of ART procedures between laboratories. In 
contrast, using objective and more reliable molecular 
markers of competence derived from the application of 
“OMICS” technologies could potentially improve 
ARTs. These biomarkers have been uncovered in recent 
years through the comparison of oocytes and embryos 
of extreme levels of competence when applying indirect 
criteria of developmental potential such as follicular 
size and stage, morphology, metabolism, maturation 
media, age of donor, migration speed of oocytes/zygotes 
under a dielectrophoretic field, cleavage dynamics, or 
culture stress. Moreover, biomarkers of competence are 
also useful to elucidate how the mechanisms governing 
early embryogenesis and acquisition of quality during 
folliculogenesis are interrelated. Notwithstanding, 
amelioration in the field of developmental predictive 
value is still to come (Wrenzycki et al., 2007; Boni, 
2012; Ruvolo et al., 2013 for review) and, together with 
the current progress in the identification of molecular 
biomarkers of fertility, applications will be the central 
subject of this review. 
 

Molecular markers of quality prior to fertilization 
 
Immature oocytes 

 
A robust body of evidence of competence 

markers is derived from the discrimination of oocytes 
based on their follicle size, where gametes from larger 
follicles are of better quality. Several teams have 
reported that transcripts whose levels varied between 
GV-oocytes of differing quality pertained to several 
functional categories including cyclins, histones, and 
other cell cycle regulators, as well as transcription 
factors and molecules related to mRNA and protein 
processing, which are remarkably well represented on 
the list of potential markers of competence (Robert et 
al., 2000; Donnison and Pfeffer, 2004; Mourot et al., 
2006; Pfeffer et al., 2007; Table 1). In addition, super-
stimulation of cows with various protocols of FSH 
coasting demonstrated that oocyte quality can be 
modified by systemic factors, which affect ovarian 
follicular cell physiology first and then reach the 
developing gamete. Upon applying the appropriate 
FSH-deprivation period (44/68 h coasting) before ovum 
pick-up (OPU), it is possible to generate a population of 
follicles at the right differentiation level and the 
recovered oocytes resemble those of natural pre-
ovulatory follicles possessing optimal developmental 
capacity. The decrease in circulating FSH is a 
physiological phenomenon that has been neglected as a 
tool to control the proper differentiation of follicles 
(Nivet et al., 2012). Notably, the transcriptome 
signature of GV-oocytes obtained by using this strategy
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demonstrated that the main biological functions that 
varied between oocytes of different quality were related 
to RNA processing and regulation of chromosome 
segregation (Labrecque et al., 2013). These authors 
confirmed 13 mRNA markers of competence (Table 1), 
including PAIP2, AURKAIP1, CDK1, ENY2, and 
PMS1 (Labrecque et al., 2013). Moreover, further 
confirmation that hormonal dynamics closely affect the 
molecular regulation inside the oocyte was 
demonstrated through the identification of alterations of 
the transcriptome of immature oocytes collected after 
FSH-coasting and administration of a GnRH antagonist. 
Although Labrecque et al. (2014) did not report any 
significant effects of the antagonist cetrotide on 
blastocyst rates, transcriptomic analysis revealed that 
cetrotide impaired protein translation capacity, RNA 
processing, and chromosome segregation in oocytes. 
Interestingly, such findings coincide with the biological 
functions identified as being affected in the coasting 
model, demonstrating how hormonal processes 
influence the molecular modulation of the gamete’s 
quality (Labrecque et al., 2013; Nivet et al., 2013). 

Assessment of the activity of glucose-
metabolizing enzymes has also been successfully 
applied to distinguish immature oocytes according to 
their viability. Brilliant cresyl blue (BCB) staining 
detects the activity of G6PDH, which catalyzes the first 
step of the pentose phosphate pathway (Gutierrez-Adan 
et al., 2004 for review). BCB+ oocytes, which remain 
blue due to low G6PDH cytoplasmic activity, are 
considered as fully-grown gametes of higher quality 
than BCB- gametes (unstained) that own higher G6PDH 
activity (Alm et al., 2005; Bhojwani et al., 2007). Bols 
et al. (2012) considered BCB staining as one of the few 
suitable non-invasive indicators of competence. 
Notably, classification of immature oocytes by BCB 
staining followed by transcriptomic analysis has 
highlighted differential levels of mRNAs (Table 1) 
related to cell cycle regulation, CCNB1, PTTG1; 
transcription control, SMARCA5; and protein 
translation, eIF-, RPL- and RPS-group proteins 
(Ghanem et al., 2007; Torner et al., 2008), suggesting 
the importance of such functions for the potential to 
develop to the blastocyst stage. 

 
Table 1. Molecular markers of developmental competence in oocytes. 

Factor(s) Type Stage Reference(s) 
CCNB1 mRNA GV Robert et al. (2000); Torner et 

al. (2008) 
CCNB2, CKS1B, CDC5L, PSMB2, SKIIP, RGS16, 
PRDX1 

mRNA GV Mourot et al. (2006) 

CCNA2, NDFIP1, OCT4, MSX1, ZNF198, SLBP, 
DNAJA1 (DJA4), GDF9, TRAPPC3 

mRNA GV Donnison and Pfeffer (2004); 
Pfeffer et al. (2007) 

DYNLL1, DYNC1I1 mRNA GV Racedo et al. (2008) 
NASP, SMARCA5, RPS274A, EIF1A, ATP5A1 mRNA GV Torner et al. (2008) 
PTTG1 mRNA GV Mourot et al. (2006); Ghanem 

et al. (2007) 
H2A mRNA GV Caixeta et al. (2009) 
RPL24, MSX1 mRNA GV Ghanem et al. (2007) 
MATER, YY1, MSY2, PAP, PARN, EIF4E mRNA GV Lingenfelter et al. (2007) 
HSP70 mRNA GV Camargo et al. (2007) 
CTSB Protein GV Balboula et al. (2010) 
ATP1A1 mRNA GV De Sousa et al. (1998) 
INHBA, INHBB mRNA GV Patel et al. (2007) 
ANXA2 mRNA GV Costa et al. (2006) 
PRDX1, PRDX2 mRNA GV Romar et al. (2011) 
G6PDH Enzymatic activity GV Alm et al. (2005); Bhojwani et 

al. (2007); Ghanem et al. 
(2007); Torner et al. (2008) 

BCL2, BAX mRNA GV Opiela et al. (2008); Li et al. 
(2009) 

RBM42, LSM10, HAUS8, AURKAIP1, CDK1, PAIP2, 
ENY2, ESCO2, PMS1, ELP4, TFDP1, SFRS7, TAF1A 

mRNA GV Labrecque et al. (2013) 

TACC3, SARNP, CTNNBL1 mRNA GV Labrecque et al. (2014) 
CCNB1, GDF9, SOD1, SOD2 mRNA M-II Lonergan et al. (2003a) 
CKS1B, FAM58A, NASP, NUSAP1, CDC91L, 
SMARCA5, RPL2, RPL8, RPL35, RPLP0, DNMT1, 
ANXA2 

mRNA M-II Dessie et al. (2007) 

AQP3, SEPT7, ABHD4, SIAH2 mRNA M-II Katz-Jaffe et al. (2009) 
PABPNL1 mRNA M-II Biase et al. (2010) 
SFRS14, DDR1, NDUFB6, UQCRH, DUSP6,NDUFS4 mRNA M-II Biase et al. (2014) 
Alanine, arginine, glutamine, leucine, tryptophan Amino acid M-II Hemmings et al. (2012) 
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An attractive approach for quality assessment 
of the developing female gamete is the analysis of 
proxies of fertility such as follicular fluid (FF) or 
biopsied follicular somatic cells (Fig. 1). Molecular 
characterization of these follicular components 
represents a non-invasive alternative to investigate the 
developmental competence of the oocyte without 
compromising its viability. The most external follicular 
compartment is thecal cells and Matoba et al. (2014) 
observed that ESR1 and VCAN mRNAs were 
overexpressed in thecal cells associated with competent 
oocytes (Table 2). It makes sense that increased levels 
of VCAN are correlated with higher competence as this 
proteoglycan may be necessary for ovulation. A larger 
amount of biomarker data has been derived from 
granulosa cells. Nivet et al. (2013) reported on four 
putative markers of fertility in these cells and the 
information was valuable not only because biomarkers 
of fertility were unveiled, but such findings also shed 
light on complete molecular pathways (prolactin, 

growth hormone pathways) related to the events in the 
granulosa compartment that lead to acquisition of 
competence of the gamete. In addition, the granulose 
transcriptomic profiling demonstrated that 
folliculogenesis in cattle is a highly dynamic and tightly 
regulated process: The pre-ovulatory differentiation of 
granulosa cells at the end of follicular growth, which is 
characterized by angiogenesis, early hypoxia and 
oxidative stress, contributes to the specific environment 
required for the oocyte to attain maximum competence 
(as is the case with 44/68 h FSH coasting). Then, if FSH 
starvation is extended (92 h), folliculogenesis enters a 
phase where apoptosis is increased and signs of 
inflammation appear (Nivet et al., 2013), while the 
quality of the enclosed oocyte suddenly diminishes, 
exemplifying what could happen if the gamete were not 
ovulated at the appropriate moment (Labrecque et al., 
2013). In this sense, the negative influence of such a 
prolonged coasting period on ovulation rates and oocyte 
quality has been demonstrated (Dias et al., 2013). 

 
Table 2. Molecular markers of developmental competence in follicles. 

Factor(s) Type Compartment Reference(s) 
VCAN, ESR1 mRNA Theca Matoba et al. (2014) 
IGF2, NRP1, VNN1, KCNJ8 mRNA Granulosa Nivet et al. (2013) 
LHCGR mRNA Granulosa Matoba et al. (2014) 
HAS, INHBA, EGFR, GREM1, BTC, 
CD44, TNFAIP6, PTGS2 

mRNA Cumulus Assidi et al. (2008) 

CTSB, CTSS, CTSZ mRNA Cumulus Bettegowda et al. (2008) 
CYP11A1, NSDHL, GATM, MAN1A1, 
VNN1, NRP1 

mRNA Cumulus Bunel et al. (2013) 

TNFAIP6 mRNA Cumulus Matoba et al. (2014) 
L-alanine, glycine, glutamic acid Amino acid Follicular fluid Matoba et al. (2014) 
Palmitic acid, linoleic acid, total fatty acids Fatty acid Follicular fluid Matoba et al. (2014) 
Urea Amino acid 

metabolite 
Follicular fluid Matoba et al. (2014) 

 
Bunel et al. (2013) identified six markers of 

competence in cumulus cells by using the same coasting 
model as mentioned above (Table 2). Abundance of the 
CYP11A1 and NSDHL transcripts increased with 
developmental competence. Since they are involved in 
progesterone biosynthesis, their highest levels at the 
moment of optimal quality may indicate that increased 
levels of this steroid and modulation of its synthesis by 
CYP11A1 and NSDHL favor acquisition of 
developmental competence. Similarly, NRP1 and 
VNN1 mRNA abundance increased in parallel with 
FSH-coasting and peaked in cumulus cells from over-
differentiated follicles, probably reflecting the fact that 
angiogenesis and the need to deal with oxidative stress 
are required by the end of folliculogenesis, as NRP1 and 
VNN1 are involved in such functions, respectively. 
Interestingly, this expression pattern corresponds to the 
same profile previously observed by Nivet et al. (2013) 
in granulosa cells, which indicates that the level of 

angiogenesis and oxidative processes increases in both 
granulosa and cumulus cells. Additionally, increased 
GATM expression could reflect the elevated hypoxic 
condition at the end of folliculogenesis (Bunel et al., 
2013). These results support the conclusions reached by 
Assidi et al. (2008) that the molecular regulation of 
cumulus cell function and differenctiation is a complex 
process that involves events necessary for acquisition of 
developmental capacity by the oocyte. As a result of an 
outstanding effort, O’Shea et al. (2012) identified 
markers of competence in cumulus cells and oocytes 
shared across species and concluded that some of the 
molecular mechanisms related to competence are 
conserved. Bettegowda et al. (2008) observed that 
transcript levels of cathepsins varied in cumulus cells 
according to the viability of the oocyte. In the same 
report, blastocyst rates were increased by inhibiting 
cathepsins during IVM. Nevertheless, these authors 
emphasized the need to understand the molecular basis
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of the IVP improvement observed in response to the 
pharmacological targeting of cathepsins. 

Another appealing non-invasive strategy to 
identify markers of competence is the fingerprinting 
of the metabolome of FF. Using this method Matoba 
et al. (2014) observed that urea, three amino acids, 
two fatty acids, and total fatty acid contents varied in 
the FF associated with oocytes of distinct quality 
levels (Table 2). Amino acid profiling was 
particularly predictive of developmental competence. 
Specifically, T. Fair laboratory’s results (Matoba et 
al., 2014) of metabolic analysis of FF were in 
agreement with previous observations that high levels 

of urea (De Wit et al., 2001), total saturated fatty 
acids and palmitic acid (Leroy et al., 2005) have 
deleterious effects on oocyte competence during 
IVM, whereas a surplus of alanine, glycine, and 
glutamate appear to positively impact development 
(Sinclair et al., 2008). Results of FF metabolome 
characterization are promising and will contribute to 
the improvement of maturation media (Matoba et al., 
2014). However, their practical use in commercial 
IVP programs is currently challenging because more 
information is still needed to establish a clear 
correlation of FF metabolites and oocyte fertility 
status (Revelli et al., 2009; Bols et al., 2012). 

 

 
Figure 1. Multi-step molecular markers of competence. 
 
Mature oocytes 
 

Using transcriptomic analysis, Biase et al. 
(2014) identified twenty-nine putative mRNA markers 
of quality in bovine mature oocytes (Table 1). It is 
noteworthy that the most variable biological functions 
between oocytes of high and low developmental 
competence were RNA processing and translation as 
observed in GV-oocytes (Labrecque et al., 2013). The 
metabolomic analysis, of spent IVM media identified 
variations in the capacity to turnover alanine, arginine, 
glutamine, leucine, and tryptophan between oocytes of 
distinct developmental competence (Hemmings et al., 
2012). Overall M-II oocytes of decreased quality had 
higher amino acid turnover rates. This is in agreement 
with the quiet embryo hypothesis (Leese, 2002; 

Baumann et al., 2007; Leese et al., 2008), which states 
that less competent embryos have major levels of 
metabolic activity. Hemmings et al. (2012) extended the 
notion of metabolic quietness as a sign of higher 
developmental potential to oocytes and suggested that 
the metabolism of an oocyte or cleavage stage embryo 
could be a reflection of its stored maternal transcripts. 
 

Molecular markers of quality in embryos 
 

From fertilization to embryonic genome activation 
 

In this section, biomarkers of competence 
found in zygotes, as well as in 2-cell and 8-cell embryos 
will be summarized. Prior to embryonic genome 
activation (EGA), in the absence of de novo
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transcription, the embryo still depends on maternal 
stocks of mRNAs and proteins and on the metabolic 
machinery inherited from the oocyte for its development 
(Fig. 1; Krisher, 2004; Marlow, 2010; Sirard, 2010). 
Considering that it is generally accepted that EGA 
occurs in cattle at the 8-16 cell stage (Barnes and First, 
1991; Memili and First, 1998, 1999), the first cleavages 
provide a relatively long time-span where biomarkers of 
competence are likely exclusively from maternal origin 
(Lechniak et al., 2008; Orozco-Lucero et al., 2014). 
Analysis of zygotes of distinct levels of fertility has 
unveiled seven potential biomarkers of competence 
(Table 3), most of them related to the functions of cell 
cycle regulation: NASP, AURKA, and IQGAP1; and 
transcription regulation: DDX10, DNMT1, and 
SMARCA5 (Dessie et al., 2007). Amino acid (turnover 
of overall amino acids) profiling of spent culture 
medium confirmed that the most metabolically inactive 
zygotes were the most likely to reach the blastocyst 
stage (Sturmey et al., 2010). These findings are in 
agreement with those of Hemmings et al. (2012) 
described above concerning metabolically quiet oocytes. 

One of the new parameters that arise upon 
fertilization that can be used to evaluate developmental 
competence is embryonic cleavage dynamics. It is 
generally accepted that early-cleaving embryos produce 
higher blastocyst rates than their slow-cleaving 
counterparts (Lechniak et al., 2008; Orozco-Lucero et 
al., 2014). Although the exact nature of this 
phenomenon and the way in which it impacts 
developmental capacity, or reflects it, is still not fully 
understood, the most plausible hypothesis is that the 
elevated competence accompanying fast embryonic 
division is mostly due to intrinsic characteristics of the 
oocyte from which the cleaving embryo originates. The 
fact that embryonic cleavage speed is correlated with 
developmental capacity has been observed across 
species and timing to the first zygotic division has been 
used as a parameter to separate embryos of variable 
fertility status and to try to identify the molecular 
mechanisms underlying early cleavage (Lechniak et al., 
2008). Initial efforts to unveil markers of competence in 
2-cell cattle embryos of differing cleavage speed have 
identified transcripts of differential abundance levels 
between fast- and slow-cleaving embryos. These 
transcripts (Table 3) are related to various biological 
functions such as structure: CX32, CX43, PKP1 
(Brevini et al., 2002; Gutierrez-Adan et al., 2004); 
glucose metabolism: IDH, G6PDH, GPI, HK1, 
(Lequarre et al., 1997; Dode et al., 2006); transport: 
GLUT1 (Lequarre et al., 1997); signaling: BMP15, 
PED, IGF2, IGF1R, IFNT, FS, INHA, INHBB (Fair et 
al., 2004a, b; Gutierrez-Adan et al., 2004, Patel et al., 
2007); oxidative stress: SOD2 (Gutierrez-Adan et al., 
2004); cell cycle regulation: CCNB1, (Fair et al., 
2004b; Bermejo-Alvarez et al., 2010); transcription 
control: OCT4, YEAF1 (Brevini et al., 2002; Dode et 
al., 2006); DNA packaging: H2A, H3A (Fair et al., 

2004b; Dode et al., 2006, Mourot et al., 2006); protein 
regulation: CTSB, TCP1 (Dode et al., 2006); transcript 
processing: PAP, PARN (Brevini et al., 2002); and 
DNA repair: RAD50 (Dode et al., 2006). In an 
ingenious study, Held et al. (2012) analyzed the 
transcripts from one of the blastomeres of 2-cell 
embryos resulting in blastocysts at either high or low 
rates upon individual culture of the remaining sister 
blastomere. The transcriptomic contrast uncovered that 
NRF2-mediated oxidative stress response and oxidative 
phosphorylation were the main biological functions 
varying between competent and unviable blastomeres. 
Ten candidate markers of fertility were validated by RT-
qPCR through an independent model of time to the first 
zygotic cleavage (Held et al., 2012). Our laboratory 
compared fast- and slow-dividing 2-cell embryos by 
transcriptomic analysis and identified cell cycle 
regulation, DNA damage response, RNA processing, 
transcription control, and protein degradation as the 
main biological functions differing between 2-cell 
embryos of variable developmental fitness (Orozco-
Lucero et al., 2014). Ten of the candidate markers of 
competence that were confirmed by RT-qPCR were 
involved in crucial functions such as DNA damage 
response: ATM, ATR, MRE11A, MSH6, CTNNB1; cell 
cycle: APC, PCNA, CENPE; and transcription control: 
TAF2 (Orozco-Lucero et al., 2014). The finding that the 
most viable 2-cell embryos had higher levels of mRNAs 
related to DNA damage response could either mean that 
such embryos have suffered less DNA offenses and 
therefore had not translated these mRNAs, or that 
competent embryos are better equipped to deal with 
DNA damage prior to EGA. It is tempting to speculate 
that there is a possible association between reduced 
DNA damage in 2-cell embryos and quiet metabolism. 
In fact, Sturmey et al. (2009) correlated increased levels 
of DNA damage in pig, cow, and human embryos with 
elevated metabolic activity manifested as high amino 
acid turnover. These authors speculated that this could 
be due to the fact that the less viable embryos with more 
DNA damage attempt to avoid developmental arrest by 
repairing it. Consequently, the least competent embryos 
need to increase their metabolism (including processes 
involving amino acid turnover) to perform this 
additional molecular ‘work’ compared to healthier and 
metabolically quieter embryos. Moreover, our results 
with 2-cell embryos were consistent with the report of 
Labrecque et al. (2013) where the most viable GV-
oocytes seemed to be better prepared to regulate meiosis 
and process mRNA. Thus, an improved maternal stock 
of transcripts related to cell cycle regulation in oocytes 
and cleavage-stage embryos might reduce the risk of 
aneuploidy, which is a major cause of embryonic arrest 
(Pers-Kamczyc et al., 2012). One of our major 
hypotheses concerning oocyte quality is that the most 
competent oocytes and their derived embryos are better 
supplied with maternal molecules that will help them go 
smoothly through EGA, when modulation of mRNA
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processing, transcription, cell cycle, and protein 
translation/degradation are key events (Sirard, 2010). This 
notion makes sense in the light of the multiple biomarkers 
of competence related to these functions found in 
oocyte/embryo compartments even prior maturation. 
Ripamonte et al. (2012) reported differential abundance of 

PI3KCA and ITM2B mRNAs between early- and late-
cleaving 8-cell embryos (which are approaching the EGA 
time point). Both molecules are related to apoptotic 
mechanisms and their presence might reflect the need for 
programmed cell death regulation in bovine embryos at the 
8-cell stage and beyond. 

 
 

Table 3. Molecular markers of developmental competence in embryos. 
Factor(s) Type Stage Reference(s) 
NASP, AURKA, IQGAP, SMARCA5, DDX10, 
DNMT1, RGS2 

mRNA Zygote Dessie et al. (2007) 

Total amino acids Amino acid Zygote Sturmey et al. (2010) 
CCNB1 mRNA 2-cell Bermejo-Alvarez et al. (2010); 

Fair et al. (2004b) 
TCP1, RAD50, YEAF1 (RYBP), CTSB, IDH mRNA 2-cell Dode et al. (2006) 
H2A mRNA 2-cell Dode et al. (2006); Mourot et al. 

(2006) 
H3A, BMP15 mRNA 2-cell Fair et al. (2004b) 
OCT4, PAP, PARN, HSP70, PKP1, CX43, CX32, 
PLAT 

mRNA 2-cell Brevini et al. (2002) 

GLUT1 mRNA 2-cell Lequarre et al. (1997); Brevini et 
al. (2002); Oropeza et al. (2004) 

PED mRNA 2-cell Fair et al. (2004a) 
CX43, IGF2, IGF1R, IFNT, GLUT5, SOD2 mRNA 2-cell Gutierrez-Adan et al. (2004) 
FS, INHA, INHBB mRNA 2-cell Patel et al. (2007) 
G6PDH mRNA 2-cell Lequarre et al. (1997); Gutierrez-

Adan et al. (2004) 
GPI, HK1 mRNA 2-cell Lequarre et al. (1997) 
ATF1, BSG, CAT, MAPK14, NDUFS1, PRDX1, 
PRDX6, SFRS12, SYCP3, TEAD1 

mRNA 2-cell Held et al. (2012) 

ATM, ATR, CTNNB1, MSH6, MRE11A, PCNA, 
APC, CENPE, GRB2, TAF2 

mRNA 2-cell Orozco-Lucero et al. (2014) 

PI3KCA, ITM2B mRNA 8-cell Ripamonte et al. (2012) 
CTNNB1 Protein Morula Modina et al. (2007) 
PTTG1, MSX1, TNF, EEF1A1, PGK1, AKR1B1, 
CD9, KRT8, OCLN, COX2, CDX2, ALOX15, 
BMP15, PLAU, PLAC8 

mRNA Blastocyst El-Sayed et al. (2006) 

CX43 mRNA Blastocyst Nemcova et al. (2006) 
Aspartic acid, glutamic acid asparagine, histidine, 
threonine, arginine, alanine, tyrosine, methionine, 
valine, phenylalanine, isoleucine, leucine, lysine 

Amino acid Blastocyst Sturmey et al. (2010) 

PLAC8, HMGCS1, LDHB, RPS4X, PLAU, NTR mRNA Blastocyst Côté et al. (2011) 
PNRC2, CLGN, MDH2, HSPE1, COX7B, 
ALDH7A1, POMP, ATPIF1, HSPA14, COX5A, 
CDC2 

mRNA Blastocyst Gad et al. (2011) 

FL405, HSPD1, S100A10, PLAC8, BMP15, KRT8, 
RGS2 

mRNA Blastocyst Ghanem et al. (2011) 

IGFBP7, HIF1A, TKTL1, PPARG, LDHA, 
TNFRSF1A, TP53BP2, VIM, JAM2, ADAMTS1 

mRNA Blastocyst Cagnone et al. (2012) 

MT1A, DNMT3A, IGFBP7 mRNA Blastocyst Plourde et al. (2012) 
MSMO1, ABCC2, OCT4, PGRMC1, NFE2L2, 
CYP51A, SFN, HMOX1, PTGS2, PRDX1, 
HSD17B11, SOD1, IFNT, RARRES1, ANXA1 

mRNA Blastocyst Gad et al. (2012) 

ARRB2, SERPINE1, IGFBP7, TPI1, TKDP1, 
IFNT, GCSH 

mRNA Blastocyst Cagnone and Sirard (2013) 

APEX, CLDN6, LDLR, HMGCS1 mRNA Blastocyst Cagnone and Sirard (2014) 
HSD3B1, SREBF2, SLC23A1, MYL7, MAPK8, 
FADS1, ACTA2, DNAJC15 

mRNA Blastocyst Gad et al. (2014; personal 
communication) 
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Morulae and blastocysts 
 
Very few biomarkers of fertility have been 

identified in bovine embryos at the morula stage. The 
dynamic distribution of the CTNNB1 protein in morulae 
is associated with fast embryonic cleavage and high 
competence, as pointed out by Modina et al. (2007). In 
contrast, several markers of fertility have been identified 
so far at the blastocyst stage. Unfortunately the 
opportunities to transfer IVP-blastocysts to assess their 
final capacity to establish pregnancy are rare. Therefore, 
molecular markers at the blastocyst stage have been 
used mostly to characterize how blastocysts modify 
their quality and how they react to different in vivo or in 
vitro conditions, or to specific stress conditions 
achieved by culture medium supplementation (Fig. 1). 
By using non-invasive amino acid profiling of in vivo-
generated and IVP-blastocysts, it was corroborated 
previous findings at the M-II and zygote stage, where 
the most metabolically quiet oocytes/embryos had 
higher competence. This time, it was observed that the 
IVP- blastocysts, likely less competent, consumed more 
amino acids than their in vivo-generated counterparts 
(Sturmey et al., 2010). In relation to medium 
supplementation, Cagnone et al. (2012) tested 
hyperglycemic culture conditions and observed that the 
resulting blastocysts were affected in their extracellular 
matrix signaling, calcium signaling, as well as energetic 
metabolism, while such modified gene expression was 
also related to the Warburg effect (induction of aerobic 
glycolysis) as if these blastocysts were activating 
pathways related to cancer and diabetes. The effects of 
oxidative stress have been examined in culture too by 
supplementation with two pro-oxidant agents, AAPH 
and buthionine sulfoximine, which differentially 
impacted on blastocysts biological functions such as 
oxidative stress, energy metabolism, glycine 
metabolism, cellular homeostasis, and inflammatory 
response. Importantly, this work allowed us to observe 
that the most metabolically inactive embryos seemed to 
better survive to oxidative stress (Cagnone and Sirard, 
2013). Subsequently, Cagnone and Sirard (2014) 
unveiled the changes triggered by supplementation of 
the culture medium with different proteins and lipids. 
The expression of genes related to ceramide-induced 
oxidative stress, inflammation, and cholesterol 
metabolism was altered in response to distinct 
supplementation and the expression of a pair of 
pluripotency-associated genes (APEX, CLDN6) was 
also modified (Table 3). A different perspective on how 
culture conditions affect early development arose from 
the comparison by transcriptomic analysis of blastocysts 
developed in the reproductive tract of super-stimulated 
cows with those cultured in the tracts of non-stimulated 
recipient cows (originally transferred to the oviduct as 
2-4 cell embryos). Eleven candidate markers were 
validated in this study, and day 7-blastocysts flushed 
from the uterus of super-ovulated animals had higher 

expression of genes involved in transcription, 
translation, stress response, oxidative stress, oxidative 
phosphorylation, as well as cellular and metabolic 
activity (Gad et al., 2011). Furthermore, Gad et al. 
(2012) unraveled the effects of the surrounding 
environment on embryo development by comparing 
blastocysts obtained from alternation of in vivo and IVC 
(switching at either EGA or morula stage) against 
embryos completely cultured in vitro or in vivo. 
Whereas the oocyte maturation environment (in vivo/in 
vitro) importantly impacted developmental competence, 
changing culture conditions up until around the time of 
EGA did not affect blastocyst rates. However, changing 
culture conditions had a marked impact on transcript 
profiles demonstrating the sensitivity of embryos to 
their environment around the time of EGA. In this 
survey, oxidative stress (including NRF2-mediated 
oxidative stress response) and lipid metabolism were the 
most altered biological functions. Outstandingly, 
negative environmental effects occurring as early as by 
the time of EGA could influence pluripotency of the 
analyzed blastocysts, as observed by the variable 
expression of OCT4 (Gad et al., 2012). In Gad et al. 
(2014, Faculty of Agriculture, Cairo University, 
Institute of Animal Science, University of Bonn, 
personal communication), the culture environment 
alternation occurred around the morula stage and 
transcriptional analysis revealed that cell death, lipid 
metabolism, NRF2-related oxidative stress, integrin 
signaling, and TNFR1/2 pathways were the most 
affected biological functions between each of the three 
groups of stressed embryos and the golden standard 
group fully cultured in vivo. In this study, eight putative 
markers of developmental competence were confirmed 
by RT-qPCR (Table 3). Noticeably, the authors 
suggested that embryos that develop to the blastocyst 
stage under harsh in vitro conditions try to adapt to the 
challenging culture environment and as a consequence 
their transcriptome is modified. Interestingly, a potential 
carry-over effect of the detrimental culture environment 
can affect the pluripotency status of the resulting 
embryos given that the mRNA level of the transcription 
factor KLF4 was affected. In summary, the previous 
works have helped to better understand how embryos 
adapt to different culture conditions. Shortly after EGA 
a variable culture environment not only prompts 
remarkable metabolic changes in embryos (Gad et al., 
2011; Cagnone et al., 2012; Cagnone and Sirard, 2013), 
but also modifies the expression of pluripotency-related 
genes (Gad et al., 2012, 2014, personal communication; 
Cagnone and Sirard, 2014). 

In spite of the fact that is difficult to find 
studies in cattle that correlated molecular biomarkers 
with the ultimate measure of developmental competence 
(calf delivery), two important surveys must be 
mentioned. In the first study, biopsies of IVP-
blastocysts were transcriptome-profiled, while the rest 
of the embryo was transferred. Blastocysts that



 Orozco-Lucero and Sirard. Biomarkers of fertility in cattle. 
 

Anim. Reprod., v.11, n.3, p.183-194, Jul./Sept. 2014 191 

produced a calf were enriched in transcripts related to 
implantation and signaling. In contrast, embryos unable 
to generate pregnancies had increased levels of mRNAs 
(Table 3) associated with inflammation, protein binding, 
transcription, cell cycle control, and implantation 
inhibition (El-Sayed et al., 2006). Subsequently, with a 
similar strategy but this time using in vivo-derived 
blastocysts, Ghanem et al. (2011) reported that embryos 
that produced a calf were enriched in BMP15, KRT8, 
RGS2, as well as in the marker of placental 
development and embryo-maternal interaction PLAC8; 
whereas blastocysts unable to establish a gestation had 
higher FL405 and HSPD1, which are associated with 
mitochondrial function and stress, respectively. 
Interestingly, in this report, the list of markers that 
differed between blastocysts able and unable to produce 
a pregnancy was compared with the list from El-Sayed 
et al. (2006) in order to find shared genes. Although 
three markers had no correspondence, probably due to 
the influence of the different culture environments (in 
vivo/in vitro), eighteen markers were in agreement, 
implying that blastocysts capable to bring pregnancy to 
term have similar gene expression patterns in spite of 
the culture environment. Therefore, both studies 
demonstrated the feasibility of using gene markers of 
implantation in cattle. 
 

Conclusion 
 

The ability to discern populations of 
oocytes/embryos of different levels of developmental 
capacity has been a holy grail pursued by reproductive 
scientists for decades. The work to achieve this now 
appears to be going in the right direction with the use of 
powerful “OMICS” technologies. Distinguishing 
gametes and embryos according to their fertility status is 
not the only major benefit of fertility markers. These 
molecules are helping to unravel the intricate 
modulation of the acquisition of competence during 
early development, whether in any of the follicular 
compartments (and their interactions) or in the 
developing embryo. Such molecular markers are also 
instrumental at comprehending the way in which the 
surrounding environment impacts early development 
and what are the possible resilience mechanisms of 
embryos in relation to their milieu.  

The main challenges for a practical application 
of biomarkers of fertility in oocytes and embryos are: 1) 
to generate a standard and consensual list of competence 
markers and avoid the confusion arising from the large 
amount of data and the long list of candidate markers; 2) 
to improve the identification of non-invasive 
biomarkers; 3) to integrate all the information from 
different sources and developmental stages into a broad 
and comprehensive scheme of the molecular physiology 
leading to developmental potential acquisition; 4) to 
utilize this knowledge to ameliorate the protocols of 
super-stimulation/oocyte recovery and IVC in order to 
provide through systemic (e.g. hormonal super-

stimulation) or local targeting (e.g. IVC media 
supplementation) the developing oocyte with conditions 
more reflective of the natural microenvironment.  
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Abstract 
 

Nutritional and metabolic status of domestic 
ruminant females is linked with reproductive success. 
Diet can influence ovarian activity via effects at various 
levels of the hypothalamus-pituitary-ovarian axis. 
Changes in the plane of nutrition can affect follicular 
growth by inducing changes in plasma metabolites and 
metabolic hormones, such as insulin and IGF1. This 
paper will review different results from in vivo and in 
vitro feeding approaches describing a programmed 
sequence in circulating insulin concentrations. The 
stimulatory effect of insulin and IGF1 on follicle growth 
has been previously demonstrated, especially on small 
follicle growth prior to superovulation. Thus, in vivo 
feeding strategies have been recently tested to enhance 
embryo development. It has been shown that the 
interaction between the gonadotropin content of the 
superstimulatory preparation with the nutritional 
program of the donor cow needs to be considered when 
aiming to optimize the success of ovarian 
superstimulatory protocols. Moreover, some practical 
feeding strategies such as short term dietary propylene 
glycol could improve in vitro embryo production in 
superovulated growth-restricted heifers. To conclude, 
different diets or dietary supplements may improve 
fertility and embryo quality by inducing a programmed 
sequence in circulating insulin concentrations. 
 
Keywords: bovine, feeding, in vitro, in vivo, metabolic 
status. 
 

Introduction 
 

It has long been recognized that the nutritional 
and metabolic status of domestic ruminant females are 
associated with reproductive success, but the underlying 
mechanisms remain poorly understood (Gutierrez et al., 
1997; Gong et al., 2002b; Adamiak et al., 2005). 
Several authors have proposed that metabolic signals, 
such as circulating concentrations of insulin, growth 
hormone (GH), leptin and the insulin-like growth factor 
system (IGF) interact at the central level to modulate the 
release of gonadotrophins (Garnsworthy et al., 2008). 
The quality or competence of harvested oocytes appears 
to be the most important determinant of embryo yields 

(Seneda et al., 2001) and this depends on the 
physiological and reproductive status of the donor 
animal, which are influenced by age, health and 
nutrition (Majerus et al., 1999; Armstrong, 2001; 
Boland et al., 2001). When working with young healthy 
cattle, the variability in embryo development rates in 
vitro may be influenced by the diet of the donor prior to 
oocyte recovery (Boland et al., 2001).  
 

Lessons from in vitro approaches 
 

A large number of in vitro studies have 
demonstrated the direct action of metabolic factors on 
granulosa and theca cells (Webb et al., 1999a, b; Lucy, 
2000) and numerous experiments have also studied the 
direct effects of the diet on follicular variables following 
spontaneous or superovulation. In vitro studies have 
highlighted the fact that insulin and IGF1 are important 
mediators of follicular development, steroidogenesis, 
oocyte maturation and embryonic development (Gong et 
al., 1993). 
 

In vivo feeding strategies to enhance embryo 
development 

 
Diet can influence ovarian activity via effects 

at various levels of the hypothalamus-pituitary-ovarian 
axis. Changes in the plane of nutrition can affect 
follicular growth (Gutierrez et al., 1997; Gong et 
al.,2002a) by inducing changes in plasma metabolites 
and metabolic hormones, such as insulin and IGF1 
(Armstrong et al., 2001) and/or in hormones and growth 
factors in follicular fluid (Landau et al., 2000; Matoba 
et al., 2014). Diet can also affect oocyte morphology 
(O’Callaghan et al., 2000), oocyte developmental 
capacity and embryo production. 

It has been shown that over-feeding can be 
harmful for the developmental quality of oocytes and 
embryos produced in vivo and in vitro (Mantovani et al., 
1993; Papadopoulos et al., 2001; Freret et al., 2006; 
Santos et al., 2008).  

In addition, restricted feeding can have a 
positive effect on oocyte quality (Lozano et al., 2003) 
and the production of blastocysts in vitro (Armstrong et 
al., 2001; Freret et al., 2006). These results have been 
linked to the level of metabolites and hormones 
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involved in the regulation of energy metabolism: in 
particular, an increase in the concentration of insulin 
and IGF1 is associated with high energy intake in dairy 
heifers (Freret et al., 2006). Webb et al. (2004) 
reviewed the stimulatory effect of insulin and IGF1 on 
follicle growth and Freret et al. (2006) showed that an 
increase in insulin concentrations during a short time 
period has a positive effect on small follicle growth 
prior to superovulation. 

However, in the heifer, it has been shown that 
feeding regimens which increase insulin 
(hyperinsulinaemia) negatively influence the quality of 
oocytes (Adamiak et al., 2005; Freret et al., 2006). 
These findings support the idea that it may be possible 
to modulate insulin concentrations transiently to 
improve reproductive success, i.e. increase insulin 
during the phase of follicle growth (Scaramuzzi et al., 
2006) and then return to pre-stimulated levels just 
before ovulation so as not to have a negative effect on 
oocyte quality. To further support this hypothesis, 
Garnsworthy et al. (2009) modified circulating insulin 
levels (high and low) in dairy cows post-partum via the 
diet. They showed that a diet causing high insulin 
concentrations between calving and the first post-
partum rise in progesterone followed by a diet causing 
low insulin until 120 days post-partum improved 
pregnancy rate compared with the other sequences of 
dietary treatment to modify insulin (high-high, low-high 
and low-low). Two experiments were recently 
performed using a Latin square design with treatments 
arranged as a 2×2 factorial: feed restriction (FR; 25% 
reduction in dry matter intake) compared with ad 
libitum (AL) feeding, combined with high (H) versus 
low (L) LH in the last 4 injections of the 
superstimulatory protocol (Bender et al., 2014). As 
expected, FR decreased circulating insulin 
concentrations (26.7 vs. 46.0 μIU/mL). Fertilization 
rates were higher for the AL-L (89.4%) and FR-H 
(80.1%) treatments compared with the AL-H (47.9%) 
and FR-L (59.9%) treatments. In addition, the number 
of degenerate embryos was decreased for AL-L (1.3) 
and FR-H (0.4) treatments compared with the AL-H 
(2.6) and FR-L (2.3) treatments. Thus, cows with either 
too low (FR-L) or too high (AL-H) insulin and LH 
stimulation had lower embryo production after 
superstimulation because of reduced fertilization rate 
and increased percentage of degenerate embryos. 
Therefore, the interaction between the gonadotropin 
content of the superstimulatory preparation with the 
nutritional program of the donor cow needs to be 
considered when aiming to optimize the success of 
ovarian superstimulatory protocols. 
 

Insulin related feeding strategies 
 
Exogenous insulin administration increased the 

recruitment of follicles in response to gonadotropin in 
gilts (Cox et al., 1987) and also rescues follicles from 

atresia and therefore increases the number of ovulatory 
follicles (Matamoros et al., 1991). The roles of the IGF 
system and insulin appear particularly critical. Increased 
energy decreases IGFBP2 and IGFBP4 expression in 
small follicles. IGFBP2 has been shown to inhibit the 
actions of IGF in different cell lines and is present at 
high concentrations during the post-partum period 
(McGuire et al., 1995). Lowered IGFBP2 may in turn 
increase the bioavailability of systematically derived 
IGF1 and locally produced IGF2 in these follicles. On 
the contrary, in case of strong NEB, Wathes et al. 
(2008) have reported an increased expression of 
IGFBP2 in the liver whereas transcripts for IGFBP3 to 6 
were down regulated. Together with the reduced IGF1 
production, these changes are likely to lower IGF1 
availability and receptivity for follicular cells leading to 
impaired follicular growth. 

Other methods exist to modulate insulin 
secretion, for example the administration of dietary 
supplements which affect metabolism such as, 
propylene glycol (PG). PG, also known as 1,2-
propianediol, is a 3-carbon compound (C3H8O2) derived 
from propylene and has been used since the 1950’s in 
the treatment of ketosis in post-partum dairy cattle 
(Maplesden, 1954). PG increases plasma glucose and 
insulin and decreases non esterified fatty acids (NEFA) 
and β-hydroxybutyrate (BHB). The latter two effects are 
seen in underfed animals (Nielsen and Ingvartsen, 
2004). In a recent study on heifers we showed that short 
term dietary propylene glycol was associated with 
raised levels of glucose, insulin and stimulated follicle 
growth, causing an increase in the number of small 
follicles (diameter 1-4 mm) during the first days of an 
estrous cycle (Gamarra et al., 2014a). A second 
experiment aimed to test whether the daily oral 
administration of propylene glycol could improve in 
vitro embryo production in superovulated growth-
restricted heifers (600 g/day) differing in their Anti-
Mullerian Hormone (AMH) profiles (Gamarra et al., 
2014b). Sixteen Holstein heifers were grouped 
according to AMH concentrations: low (L = 1-80 
pg/mL; n = 7) or high (H: >150 pg/mL; n = 9). 
Administration of PG significantly increased the 
number of: small follicles (2-3 mm) and total follicles 
(2-8 mm) on day 2 of the cycle in all heifers. PG 
improved in vitro embryonic development rate (total 
number of embryos/number of fertilized oocytes) in all 
heifers compared to the control. 

Taken together, these findings open-up the 
possibility of improving fertility and embryo quality by 
using diets or dietary supplements which induce a 
programmed sequence in circulating insulin 
concentrations. 
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Abstract 
 

Over the years, many techniques for in vitro 
evaluation of sperm have been developed. Those 
assessments allow to perform structural, functional and 
molecular evaluations of the sperm cell. A combination 
of laboratory tests used simultaneously can provide 
more accurate information on sperm function and 
quality because sperm have multiple compartments with 
different functions. Many of those analyses have been 
used to assess the effect of sexing by flow cytometry on 
sperm cellular and molecular levels such as DNA 
methylation pattern, sperm shape, sperm morphology 
and capacity to remain viable after thawing. 
Considering that sexed sperm are submitted to a variety 
of adverse conditions during sorting, evaluation and 
identification of the possible damages caused by the 
sexing process are needed. It is expected that those 
information will help to develop procedures to improve 
results when sexed sperm is used. This review is 
focused on the recent results using structural, functional 
and molecular tests to evaluate sperm viability after 
sexing by flow cytometry. 
 

Keywords: flow cytometry, in vitro assessment, sexing 
process, sperm. 
 

Introduction 
 

Sperm sexing has the potential to influence the 
birth rate of the desired gender, allowing greater 
production efficiency and flexibility in herd 
management. Moreover, the possibility to choose the 
gender of offspring, even before embryo production or 
pregnancy, according to the needs of the livestock 
and/or market demands, results in greater economic gain 
(Wheeler et al., 2006). 

Although several methods have been 
developed for sperm sex determination (Koo et al., 
1973; Kaneco et al., 1984; Johnson et al., 1987), the 
only method effective for routine use is the 
fluorescence-activated cell sorting using flow cytometry. 
This method is based on differences on DNA content of 
X and Y chromosome-bearing sperm cells (Garner et 
al., 1983), and usually has 90% of accuracy (Seidel and 
Garner, 2002). Bovine sperm prepared by this method 
(for method description see Seidel and Garner, 2002) is 
available commercially in Brazil since 2006, and since 

then its use has increased markedly. Part of this growth 
can be attributed to its wide use in the in vitro embryo 
production (IVF), which is one of the most 
advantageous combinations of reproductive 
biotechnologies. In other words, the sexed sperm is 
gaining more and more space and, like other 
reproductive biotechnologies, has become almost an 
indispensable procedure for those who want to keep 
high production and economically performance, 
especially in the dairy industry. This makes a real 
economic sense because recipient resources would not 
be wasted to produce calves of the unwanted gender 
(Butler et al., 2014). 

Although sexed sperm is currently used, the 
high cost and the reduced pregnancy rates compared to 
conventional sperm, have been limiting its application 
in cattle breeding. This suggests that sexing process 
may induces sperm damages, which can be due to 
exposure to the laser, to the high velocity inside the 
collecting tube, to electric charges, and to room 
temperature before being processed (Garner, 2006; 
Wheeler et al., 2006). Considering that sexed sperm are 
submitted to a variety of adverse conditions during 
sorting, an evaluation of the possible structural and 
functional damages caused by the sexing process is 
needed. 

Undoubtedly, the best way to assess the quality 
of sperm sample is through the pregnancy rate and/or 
birth after artificial insemination (AI). However, the 
high cost and time required to obtain the results, make 
those types of analysis almost unfeasible. Therefore, 
other techniques for in vitro evaluation of sperm have 
been developed in order to better predict fertility of 
those cells and to estimate most accurately quality of a 
sperm sample (Amann and Hammerstedt, 1993). 
Therefore, this review aims to present several analyses 
made in sexed sperm that can estimate its structural and 
functional viability.  
 

Effect of sexing process on sperm structure and 
function 

 
Assessment of motility 
 

According to Malmgren (1997), motility is an 
important factor to be considered in the analysis of 
sperm viability. Among the characteristics affected by 
the sexing process, decreased motility has been reported
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by several authors (Hollinshead et al., 2004; Blondin et 
al., 2009; Carvalho et al., 2009, 2010). Moreover, 
Carvalho et al. (2009) found lower straight-line 
velocity, beat-cross frequency and linearity assessed by 
computer-assisted semen analysis (CASA), in sexed 
than non sexed sperm. This change in the sexed sperm 
motility, could have been caused by exposure to 
Hoechst 33342 stain, the laser light, or exposure in the 
droplets to electric charges (Watkins et al., 1996). 
According to Smith (1993), the effect of exposure to 
dye and then, the laser, may reduce mitochondrial 
activity, causing a decrease in the production of ATP. 
According to Alomar et al. (2006), motility is one of the 
most important sperm characteristics for the 
maintenance of fertility, being its evaluation, either 
subjective or by computerized analysis, essential in any 
sperm analysis.  
 
Assessment of DNA, plasma membrane and acrosome 
integrity 

 
Besides motility, several other sperm features 

can be evaluated after sperm sexing procedure, such as 
changes in DNA. However, studies have shown that 
sexing does not affect sperm DNA integrity (Blondin et 
al., 2009; Carvalho et al., 2010; Gosálvez et al., 2011). 
It is well known that chromatin stability is related to the 
proportion of protamine: histone present in sperm 
chromatin which varies from 1% in the mouse (Balhorn 
et al., 1977) to 15% in the human (Gatewood et al., 
1990) and over 50% in some marsupial species (Soon et 
al., 1977). Then, the high proportion of protamine: 
histone present in DNA of bovine sperm can be 
responsible by the high stability of the chromatin which 
protects the DNA against the possible damages of the 
sexing procedure. Additionally, it is important to 
indicate that the sexing process has improved in recent 
years (Sharpe and Evans, 2009) due to modifications on 
the process, such as decrease of sexing pressure, and the 
use of dye to exclude dead sperm, among others. Those 
changes made the process more efficient and less 
harmful to the sperm. This is supported by recent 
studies that reported similar structural and/or functional 
quality in sorted and non sorted bull sperm (Blondin et 
al., 2009; Peippo et al., 2009; Carvalho et al., 2010). 

Another physical characteristic that may be 
affected by sexing process is plasma membrane 
integrity. Results from different studies have shown that 
the sexing procedure increases the percentage of sperm 
with plasma membrane damaged (Blondin et al., 2009; 
Carvalho et al., 2010; Villamil et al., 2012; Spinaci et 
al., 2013). These effects may be due to mechanical 
stress (Garner, 2006), since it has been shown that a 
decrease in pressure during cell sorting increases the 
percentage of sperm with intact membrane, increasing 
fertilization (Suh et al., 2005) and pregnancy rates 
(Schenk et al., 2009). However, despite the fact that 
lower pressure minimize damage to sperm, it may 

compromise the efficiency of the sexing process 
(Garner, 2006). 

Besides plasma membrane, the acrosome can 
also be affected by the sexing process, which can 
substantially impair the ability of sperm cells to fertilize 
the oocyte since an acrosome intact is necessary to bind 
to the zona pellucida and fertilize the oocyte. Using 
different techniques, such as fluorescent probe used to 
assess acrosome integrity by fluorescent microscope or 
flow citometry, studies have shown a higher (Mocé et 
al., 2006; Carvalho et al., 2010) or similar (Klinc and 
Rath, 2007; Blondin et al., 2009) percentage of cells 
with acrosome reacted in sexed sperm than in non 
sexed. This variation can be due to the different 
techniques used to evaluate the acrosome integrity 
(Brito et al., 2003). Moreover, the variation found in 
those results can also be attributed to individual 
sensibility of each bull to the sexing process.  

There are large numbers of possibilities to 
evaluate structural characteristics of sperm cell using 
different staining methods and different types of 
equipments. A simple assessment can be performed 
with vital dyes such as Eosin/nigrosin, Trypan blue and 
Giemsa, which can be assessed by light microscopy or 
phase contrast. However, this type of procedure tends to 
underestimate the percentage of damaged sperm. 
Therefore, to have a more accurate detection of the 
different structural characteristics of sperm, the use of a 
variety of fluorescent probes was established. For sperm 
evaluation with fluorescent probes, a fluorescence 
microscope or flow cytometer is required. Although the 
fluorescence microscope is a cheaper option, the 
evaluation of spermatozoa by flow cytometry is 
recommended. This technique allows to evaluate about 
10.000 sperm cells for several sperm features 
simultaneously (Cheuqueman et al., 2012), in a fast and 
accurate way.  
 
Assessment of sexed sperm morphology 
 

The assessment of sperm morphology by phase 
contrast microscopy is a very simple method to assess 
the effect of sexing on sperm morphology. Until 
recently, no effect of sexing process on percentage of 
cells with normal morphology had been reported 
(Carvalho et al., 2010). Because sexed sperm are 
submitted to a variety of adverse conditions during 
sorting, more detailed evaluation is needed. In this way, 
we used an atomic force microscope (AFM) to 
investigate if small changes could occur in the sperm 
head due to cell sorting (Carvalho et al., 2013). The 
AFM gives detailed three-dimensional information of a 
cell, with image of the surface of sperm at nanometer 
resolution (Berdyyeva et al., 2005). We acquired images 
from approximately 1800 sperm to measure 23 
morphometric characteristics of the sexed and non 
sexed sperm head, such as volume, means radio, 
perimeter and surface area. Those measurements
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provided the features of Bos indicus sperm head (Fig. 1 
A-C). The authors observed that non sexed sperm 
presented a higher minimum height, elongation and 
membrane roughness and a lower form factor, 
circularity ratio and degree of circularity than the sexed 
sperm. Moreover, simultaneous evaluation of all the 
measured features using discriminant analysis 
differentiated the sexed and the non sexed sperm with 
100% accuracy. The differences in head shape of sexed 
and no sexed sperm may be related to modifications in 

the plasma membrane, such as loss of some proteins and 
sperm capacitation. These modifications may cause 
decrease in longevity of the sperm in the female 
reproductive tract and compromise sperm binding in the 
oviduct to form the sperm reservoirs. 

Although AFM is an interesting and accurate 
tool for in vitro evaluation of the sperm head shape, 
their use as a routine is still limited due to the high cost 
of the equipment and the long time required acquiring 
the images. 

 

 
Figure 1. Atomic force microscopy (AFM) 3D view images (A and B) and line profile (C), showing different 
dimensional parameters of the bovine sperm cells containing an X-chromosome. 1. Maximum diameter; 2. Width; 3. 
Perimeter; 4. Surface area; 5. Maximum height; 6. Average height. 
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Effect of sexing process on sperm biochemical 
features 

 
Assessment of plasma membrane proteins 
 

Sperm plasma membrane is composed of 
protein, phospholipid, cholesterol and other components 
(Eddy and O’Brien, 1994). These proteins have an 
important function in protection and capacitation of 
sperm, as well as are necessary to fertilize the oocyte 
correctly. Therefore, any event that modifies the plasma 
membrane proteins, such as removing or cleaving these 
proteins can change the correct sperm function (Flesch 
and Gadella, 2000). It has been shown that intense 
manipulation of sperm during the sexing procedure, 
induced damage in plasma membrane and premature 
capacitation (Carvalho, 2013). Modification in protein 
profile of plasma membrane (McNutt and Johnson, 
1996; Leahy et al., 2011), assessed by two-dimensional 
polyacrylamide gel electrophoresis has also being 
reported. According to McNutt and Johnson (1996), the 
sexing procedure can remove cleavage or change the 
glycosylation of membrane proteins. However, despite 
this evidence, it is not known exactly which proteins can 
be altered by the sexing process, or even if these 
proteins are directly related to the maintenance of sperm 
viability and the fertilization process. Because the 
membrane proteins have an important function, 
especially for events related to in vivo fertilization, it is 
possible that the lower fertility rate found when sexed 
sperm are used in vivo has correlation with modification 
on membrane protein profile of those sperm. 
 
Assess of methylation pattern 

 
As previously mentioned, assessment of DNA 

fragmentation has been the only method used for 
evaluating the effect of sexing on chromatin integrity 
(Blondin et al., 2009; Carvalho et al., 2010; Gosálvez et 
al., 2011). However, sperm DNA damage may result 
from DNA fragmentation, abnormal chromatin 
packaging and epigenetic defects (Tavalaee et al., 
2009). DNA methylation is the most well characterized 
example of epigenetic contribution of the sperm nucleus 
to the developing embryo (Carrel and Hammound, 
2010). In addition, changes in DNA methylation can 
alter regulation of gene expression (Bird, 2002; Jaenisch 
and Bird, 2003). 

Changes in methylation pattern of two 
important imprinted genes, insulin-like growth factor 2 
(IGF2) and insulin-like growth factor-2 receptor 
(IGF2R), has been related to assisted reproduction 
technologies (ARTs), and may produce problems of 
embryo development and placentation (Curchoe et al., 
2005; Long and Cai, 2007). To investigate the effect of 
sexing process in sperm methylation, Carvalho et al. 
(2012), using the quantitative bisulfite sequencing 
method, evaluated the methylation of distinct regions of 

the IGF2 and IGF2R gene for non sexed, sexed for X-
sperm and sexed for Y-sperm. The authors have not 
found changes in methylation pattern between the 
different groups evaluated for both genes (Fig. 2). 
Although both genes evaluated in that study are 
imprinted, it is not known whether these regions are 
packaged by histones or protamines, making these 
regions more or less susceptible to changes. Moreover, 
it is important to point out that we only assessed two 
regions of the genome, and it cannot be assumed that 
other regions do not have altered patterns of methylation 
due to sexing. It should also be considered that 
epigenetic changes may be related not only to changes 
in the DNA, but also to histone modifications. 
Therefore, an assessment of other genes or a new 
approach allowing an evaluation of a larger number of 
genes in sexed sperm, as well as studies of the effect of 
sexing process to another epigenetic mechanisms, could 
demonstrate if the sex-sorting affect other sperm 
epigenetic characteristics. 
 

Assessment of the longevity of sexed sperm 
 

Currently, changes in IVF protocols, such as 
sperm preparation and co-incubation time between 
sperm and oocyte, have been used to increase the 
blastocyst rate when sexed sperm are used (Blondin et 
al., 2009; Carvalho et al., 2010; Villamil et al., 2012). 
However, the reduced fertility rates after AI or embryo 
transfer program (Seidel et al., 1999; Sartori et al., 
2004; Bodmer et al., 2005; Andersson et al., 2006; 
Peippo et al., 2009; Dejanette et al., 2010, 2011; 
Mellado et al., 2010; Underwood et al., 2010a, b; Sales 
et al., 2011; Healy et al., 2013) remain a problem for 
the use of sexed sperm in vivo. These results associated 
with the differences between in vitro and in vivo 
conditions necessary for fertilization suggest that the 
sexing process can compromise parameters that, 
although are not important to in vitro fertilization, could 
be essential for in vivo fertilization. Among them, the 
time of sperm survival on the female reproductive tract 
can be highlighted. A study by Ijaz et al. (1994) showed 
that the sperm can remain viable up to 30 h after 
thawing. Therefore, assessment of sperm characteristics, 
such as motility, plasma membrane and acrosome, over 
different times of incubation (Mocé et al., 2006; 
Carvalho, 2013), could identify the effect of sperm 
sexing on longevity. In a recent study (Carvalho, 2013), 
using flow cytometry to assess several sperm 
characteristics, we showed that the sexing process has 
negative effect on motility, mitochondrial membrane 
potential and integrity of plasma and acrosome 
membrane. Moreover, it was identified higher level of 
plasma membrane destabilization and less 
mitochondrial membrane potential of sexed sperm. Such 
difference was kept even at 12 h of incubation at 3°C in 
5% CO2 in air. Although those studies do not reflect the 
actual condition of spermatozoa in the female
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 reproductive tract, this is an indication that sexed sperm 
have lower resistance, and subsequently remain viable 
for a shorter period of time after thawing than the non 
sexed sperm.  

Considering the differences found in the 
viability of sexed and non sexed sperm, it could be 
suggested that increasing sperm concentration in the dose 
used for AI could compensate the reduced quality of 
sexed sperm, increasing their in vivo fertility. However, 

Dejarnette et al. (2011), using 2.1 or 10 x 106 sperm per 
dose of sexed or non sexed sperm in AI, observed that the 
non sexed sperm had higher conception rates than sexed 
sperm, regardless the concentration used. According to 
these authors, factors other than concentration may be 
responsible for the lower conception rates obtained when 
sexed sperm is used. One of these factors could be the 
sperm ability to bind to oviduct epithelial cells, to form 
the sperm reservoir. 

 

 
Figure 2. Methylation patterns in the DMR of the last exon of the IGF2 gene (A-C) and the second imprinting 
control region (ICR2) of the IGF2R gene (D-F) in non-sexed (A and D), sexed X (B and E) and sexed Y sperm 
(C and F) from four Nellore bulls. The arrow indicates the very specific methylation patterns observed in the 25th 
and 26th CpG sites, which had high methylation. White and dark circles represent unmethylated and methylated 
CpGs, respectively; horizontal lines of circles represent one clone, and the number of clones with the same 
methylation patterns is indicated at the right end of the lines. The data are the average of four bulls (three replicates 
per bull for the IGF2 gene and two replicates per bull for the IGF2R gene. 
 
Assessment of sexed sperm ability to bind to oviduct 

epithelial explants 
 

The oviduct sperm reservoir regulates the 
timing of sperm capacitation (Fazeli et al., 1999; 
Tienthai et al., 2004), helps to maintain sperm viability 
in female reproductive tract, and synchronizes the 
release of a fertile sperm with ovulation (Pollard et al., 
1991). The formation of the sperm reservoir is 
dependent on the presence of sugars and proteins in 
sperm membrane (Green et al., 2001; Gwathmey et al., 
2003; Foye-Jackson et al., 2011; Kadirvel et al., 2012). 
Therefore, the beginning of capacitation (Carvalho, 
2013), as well as changes in the protein profile of the 
plasma membrane after sexing process could alter the 

sperm binding to the oviduct cells. Thereby, it is 
possible that the lower in vivo fertility obtained when 
sexed sperm is used, could be related to changes in the 
formation and release of the sexed sperm from sperm 
reservoir. Based on that, Carvalho (2013), using 
epithelial oviduct explants, assessed the capacity of the 
sexed sperm to bind to oviduct cells after 30 min and 
24 h of co-incubation. The number of sperm bound per 
mm of the explants was similar between sexed and non 
sexed sperm after 30 min (67.1 ± 9.0 and 70.3 ± 8.0, 
respectively) of co-incubation. However, after 24 h of 
co-incubation, there were less sexed sperm (6.7 ± 2.0) 
bound per mm of oviduct explants than non sexed 
sperm (23.6 ± 7.2). This suggests that sexed sperm has 
the ability to bind and to form the oviduct reservoirs, but
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has a reduced ability to remain attached to the reservoirs 
compared to non sexed sperm. This could be responsible 
by the lower in vivo fertility of sexed sperm since the 
higher number of the sperm bound to the explants after 
24 h of co-incubation has positive correlation with cattle 
non-return rate (De Pauw et al., 2002).  

Another aspect to be considered is the evidence 
that a correct sperm-oviduct cell communication is 
needed to ensure the correct environment for 
fertilization and early embryonic development, since 
this interaction induces changes in gene expression 
(Fazeli et al., 2004; Kodithuwakku et al., 2007; Foye-
Jackson et al., 2011) and protein secretion by those cells 
(Georgiou et al., 2005, 2007). Therefore, changes in the 
sperm reservoir, could compromise the oviduct 
environment, with higher number of unfertilized 
oocytes (Sartori et al., 2004; Schenk et al., 2006; Peippo 
et al., 2009) or embryos with low quality (Schenk et al., 
2006; Peippo et al., 2009; Larson et al., 2010) reported 
when sexed sperm was used. 
 

Final consideration 
 

This review presented the most recent results 
related to the effect of sexing in the structure and 
function of bovine sexed sperm. Although several 
studies have already evaluated the effect of sexing 
process in structural and functional characteristics of 
sperm, the real cause of lower fertility of those sperm, 
especially when used in vivo has not yet been identified. 
Possibly, the lower fertility of sexed sperm has a 
multifactorial cause, since the sperm are complex cells 
that need the integrity and functionality of multiple 
attributes to successfully fertilize the oocyte. 

Regarding changes in sperm caused by the 
sexing process, discussed in this review, we can list 
altered sperm motility, membrane integrity and 
acrosome, premature capacitation with modification of 
their membrane proteins and less ability to remain 
viable after thawing. This reduced viability of sexed 
sperm observed after thawing is responsible for the 
shorter longevity and consequently, less ability to 
remain bound to the oviduct cells after formation of 
sperm reservoirs. Those information lead us to suggest 
that the best moment for AI using sexed sperm is near 
ovulation time. This delay in the moment of AI may 
reduce the waiting time of the sperm in the female 
reproductive tract, ensuring larger numbers of viable 
cells at the time of ovulation. 
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Abstract 
 
During the last 10 years the U.S. dairy industry 

has experienced a reversal of the decades-long trend in 
declining fertility traits. In fact, there is evidence that, 
nationally, this is contributing to improvements in 
pregnancy rates. And while these measures are still 
close to their historical lows, there is reason for 
optimism that this reversal will continue into the future. 
The reasons for improved pregnancy rates are related to 
use of biotechnologies and improved management 
practices for high producing dairy cows as well as 
greater emphasis on genetic selection for fertility-related 
traits. Combined, these factors have resulted in a 
reduction in the average days to first service in our 
national dairy herd of approximately 10 days over the 
past decade and a reduction in calving interval of 
approximately 15 days. However, current challenges 
include accurate identification of cows that fail to 
conceive following insemination and their timely 
reinsemination. The primary metric for success of 
pregnancy diagnosis is the inter-service interval, or the 
number of days between insemination and the 
subsequent insemination in a cow that fails to conceive 
or that loses an established pregnancy. This trait is 
directly affected by the choice of pregnancy diagnosis 
method. Pregnancy diagnosis methods include estrous 
detection (visual or assisted), transrectal palpation of 
uterine contents, transrectal ultrasound visualization of 
uterine contents and assay for hormones in blood, milk 
or other body fluids. Each of these methods has 
advantages and disadvantages. Presently, ultrasound and 
blood hormone assay at 28 days after insemination offer 
the earliest specific diagnostics for determining 
pregnancy status. However, other methods are on the 
horizon that may provide opportunities to further reduce 
the interval between insemination and accurate 
diagnosis of pregnancy status of dairy cattle. One of 
these targets identification of failed inseminations 18 to 
20 days after insemination. This approach, if successful, 
would allow identification of a portion of open cows 
prior to their expected return to estrus. The ultimate goal 
is to identify cows that fail to conceive to an 
insemination in time to reinseminate them at a normal 
cycle interval (21 to 23 days) while achieving high 

conception rates. Reproductive management programs 
that utilize early pregnancy diagnosis will reduce the 
interservice interval and improve pregnancy rate, which 
is a key metric in determining profitability on dairy 
farms. 
 
Keywords: cattle, diagnostic, fertility, interferon, 
pregnancy, ultrasound. 
 

Introduction 
 
Poor reproductive performance remains one of 

the primary reasons for involuntary culling of dairy 
cows in the U.S. and globally. Roughly one third of 
dairy cows culled annually in the U.S. are culled due to 
reproductive problems (DeVries et al., 2010; Pinedo 
and DeVries, 2010). Lactating cows that fail to conceive 
are eventually culled for low production late in lactation 
at high cost to the dairy farmer (Britt, 1985). Low 
fertility results in reduced herd milk production, 
increased cost associated with multiple inseminations 
and increased number of replacement heifers needed to 
maintain herd size (Britt, 1985). Fortunately, during the 
last 10 years the U.S. dairy industry has experienced a 
reversal of the decades-long trend in declining fertility 
traits. In fact, trends in fertility traits are increasing in 
the U.S. (Fig. 1). And while fertility traits are still close 
to their historic lows, there is reason for optimism that 
this reversal will continue into the future. Pregnancy 
rate is the product of the estrous detection or submission 
rate (for dairies using timed artificial insemination) and 
the conception rate. It is a measure of how quickly cows 
that are eligible to become pregnant (i.e. after the 
voluntary waiting period) actually become pregnant. 
Improved fertility traits and use of technologies to 
improve submission rates have been largely responsible 
for the improved pregnancy rates during the last decade. 
For example, use of ovulation synchronization (e.g. 
Ovsynch) with timed artificial insemination (TAI) has 
resulted in more cows getting their first postpartum 
insemination closer to the end of the voluntary waiting 
period. One current challenge, however, is early and 
accurate diagnosis of pregnancy status to allow for cows 
that failed to conceive or maintain pregnancy to be 
reinseminated in a timely fashion. 
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Figure 1. A) Genetic trends for cow and sire breeding value (BV) for productive life in U.S. dairy cows, and B) 
Genetic trends for daughter pregnancy rate in U.S. Dairy cows. From Council for Dairy Cattle Breeding, 2014. 
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Trends in genetic selection for fertility traits 
 

Since its inception 20 years ago, the Lifetime 
Net Merit index (NM$) in the U.S. has increased 
genetic selection for fertility- and health-related traits. 
In 1994, when Net Merit Dollar index was introduced it 
was weighted roughly 75% for production traits (yield, 
fat and protein). Today’s NM$ gives only ~35% weight 
to production traits with the remaining emphasis 
placed on health and fitness traits. These include 
productive life (PL; 22% current weight), which was 
introduced in 1994 and daughter pregnancy rate (DPR) 
which was introduced in 2003 with a weight of 6% and 
increased twice to its present weight in the index of 
11%. While it will take some time to determine the full 
effects of these latest changes, it is clear they have 
resulted in improved genetic merit for fertility traits in 
the U.S. dairy herd. Currently, the difference in 
predicted transmitting ability (PTA) between the 
highest and lowest ranking bulls for DPR is 
approximately 8, which translates to daughters of the 
highest ranking DPR bulls conceiving, on average, 32 
days sooner than those from the lowest ranking DPR 
bulls. Furthermore, with the routine collection of more 
fertility related data (e.g. cow conception rate, heifer 
conception rate) along with other health and fitness 
traits, it is likely that we will see continued evolution of 
NM$ towards more robust selection of fertility and 
health traits (Dechow, 2014). 

 
Trends in reproductive management strategies 

 
During this same 20 year span, approaches to 

reproductive management have also changed. In 1994, 
the majority of dairies bred cows based on estrous 
detection with few farms using estrous synchronization 
(Miller et al., 2007). With the advent of ovulation 
synchronization programs in the mid-1990’s, farms that 
were struggling with estrous detection had another tool 
to manage reproduction (Pursley et al., 1995, 1997). 
This period was also accompanied by increased use of 
transrectal ultrasound and blood and milk hormone tests 
for pregnancy diagnosis. Ultrasound evaluation of 
ovarian structures also increased the ability to tailor 
reproductive management to ovarian status. Today, 
most dairies use a combination of insemination based on 
estrous detection and synchronization of ovulation 
coupled with TAI (Caraviello et al., 2006). Combining 
these approaches is the most economical way to 
improve pregnancy rates given typical rates of 
synchronization drug injection compliance and estrous 
detection efficiencies (Galvão et al., 2013). Fewer 
dairies are choosing to use on-farm bulls for mating 
cows, and for good reason. Bull breeding should be 
considered a choice of last resort for modern dairies. 
Aside from their lower genetic merit, on-farm bulls 
consume feed and occupy facilities, suffer from 
infertility and venereal diseases, require veterinary 

attention, and cause injuries and deaths on farms each 
year (Lima et al., 2010).  

Efficiency and accuracy of estrous detection 
have also benefited from development of tools including 
simple tail head chalking/painting and glue-on mount 
detectors to higher tech pedometers and activity 
monitors containing accelerometers that continuously 
monitor a cow’s activity (Van Eerdenburg, 2008; Fricke 
et al., 2014a). Use of activity monitors with 
accelerometers will likely continue to increase because 
of their automation and compatibility with mobile 
devices and cloud-based data storage and analysis. This 
technology is particularly attractive for dairies of 
intermediate size (150 to 500 cows) that struggle to 
maximize efficiency of labor use (Fricke et al., 2014b) 
and for dairies that prefer not to use hormonal 
synchronization (Neves et al., 2012). For example, in a 
large study comparing the use of automated activity 
monitors (AAM) with synchronization and timed 
artificial insemination, AAM reduced days to first 
service in two of the three large dairies examined 
(Neves et al., 2012). Recently, comparison was made 
between AAM and a presynchronization-ovulation 
synchronization program with TAI (Stevenson et al., 
2014). Interestingly, pregnancies per AI were modestly 
lower with insemination based on AAM, but cows 
became pregnant quicker with AAM compared to TAI, 
probably due to the earlier VWP in the AAM group 
(Stevenson et al., 2014).  

Together, estrous synchronization and 
ovulation synchronization with TAI are credited with 
reducing the average days to first service from 90 to 81 
days over the last 10 years (Miller et al., 2007; Council 
on Dairy Cattle Breeding, 2014). This has resulted in a 
reduction of calving interval of about two weeks during 
this same period. In spite of these improvements in 
estrous detection technologies, low efficiency and 
accuracy of estrous detection remains the primary 
reason for dairies adopting ovulation synchronization 
and TAI programs (Goodling et al., 2005; Moore and 
Thatcher, 2006). Variations of the ovulation 
synchronization programs coupled with 
presynchronization (e.g. Presynch) provide a variety of 
options to fit producer needs. The Ovsynch 56 program 
(gonadotropin releasing hormone (GnRH) followed 7 
days later by prostaglandin F2α (PGF), then a second 
GnRH injection 56 h later with TAI 16 h later), has 
proven to be the most effective ovulation 
synchronization program for maximizing pregnancy 
rates. This program is most effective when initiated at 
days 5 to 9 of the cows’ estrous cycle (Vasconcelos et 
al., 1999; Moreira et al., 2000). To accomplish this, 
presynchronization programs have been developed 
using either PGF (Presynch: two injections of PGF 14 
days apart followed by Ovsynch 11 to 14 days later) or 
a combination Ovsynch without TAI followed by 
Ovsynch started 7 days later (Double-Ovsynch; Moreira 
et al., 2000; Souza et al., 2008). The advantage of the



 Ott et al. Pregnancy diagnosis in ruminants. 
 

210 Anim. Reprod., v.11, n.3, p.207-216, Jul./Sept. 2014 

latter programs that include GnRH in the 
presynchronization is that cows that are not cycling will 
be induced to form a corpus luteum by use of GnRH 
(Herlihy et al., 2012; Ayres et al., 2013). In either case, 
use of presynchronization ensures that a greater number 
of cows will ovulate to the first GnRH of the ovulation 
synchronization program (Gumen et al., 2012; Ayres et 
al., 2013). Use of Presynch-Ovsynch programs on well-
managed dairies yields pregnancy rates comparable to 
inseminating cows based on detected estrus (Rabiee et 
al., 2005; Stevenson et al., 2014), and a high percentage 
of large dairies in the U.S. use some form of hormonal 
synchronization with timed artificial insemination 
(Caraviello et al., 2006). 

Improvements in estrous detection and estrous 
and ovulation synchronization coupled with TAI have 
resulted in more cows being inseminated in the first 21 
days after the voluntary waiting period. Improvements 
in fertility traits, while modest, should result in 
improved conceptions rates to these earlier services. 
Thus, improvements in both submission rates and 
conception rates will likely continue to yield slow, but 
steady improvement in pregnancy rates. The current 
challenge is to reduce the interservice interval for those 
cows that fail to conceive or that lose an established 
pregnancy. This challenge requires accurate and early 
detection of pregnancy status. 
 

Pregnancy diagnosis 
 

Key to effective reproductive management 
programs is early and accurate pregnancy diagnosis 
following insemination. The goal is for cows to be 
reinseminated, on average, before 42 days after a failed 
insemination. Estrous detection following insemination 
remains a widely used approach to pregnancy diagnosis. 
However, dairies that struggle with accurate estrous 
detection often experience extended (>42 days) 
interservice intervals when relying on this method. In 
addition, inaccurate estrous detection increases the risk 
for insemination of pregnant cattle (Moore et al., 2005). 
Here again, use of second generation AAM may aid in 
detecting cows returning to estrus 21 to 24 days after 
insemination. Furthermore, for dairies that use ovulation 
synchronization and TAI for first services, some cows 
will not continue cycling after the first insemination and 
will not be detected in heat (Lucy et al., 2004).  
 
Transrectal palpation and ultrasound visualization 

of uterine contents 
 

Palpation of uterine contents per rectum is the 
most widely used method for pregnancy diagnosis in 
dairy cattle. The technique can be performed reliably 
after day 30 of pregnancy and is highly accurate when 
practiced by a skilled veterinarian or animal manager. 
Palpation does require training and experience to 
conduct with high accuracy and without damaging the 

embryo when conducted at very early stages gestation 
(<35 days; O’Connor, 1994). It is also possible to 
determine ovarian structures. However, this requires an 
even higher level of training and experience to conduct 
reliably. Transrectal palpation is relatively inexpensive 
compared to other methods for pregnancy diagnosis, but 
it does increase the risk of iatrogenic pregnancy loss, 
spreading diseases between cattle and is physically 
demanding for the technician.  

With the development of ultrasound 
technology in the 1980’s, dairies had a new, accurate 
and specific tool for determining pregnancy status 
(Pierson and Ginther, 1984). The cost of the technology 
initially limited its use for commercial dairies 
(O’Connor, 1994). However, as average dairy size has 
increased and the cost, ease of operation and reliability 
of ultrasound improved, the use of ultrasound for 
pregnancy diagnosis has increased (Quentela et al., 
2012; Pereira et al., 2013). The advantages of 
ultrasound include ability to determine: 1) pregnancy 
status at earlier stages (>25 days in cattle); 2) presence 
of twins with increased accuracy; 3) fetal viability (e.g. 
heart beat); 4) fetal gender; and 5) ovarian structures 
(follicles and corpora lutea). Although many 
veterinarians now provide ultrasound service to dairies 
of all sizes, cost and frequency of veterinary visits is 
still limiting for smaller dairies. 
 

Chemical pregnancy assays 
 

Blood and milk progesterone assays have been 
available for over 20 years (O’Connor, 1994). However, 
because progesterone is not pregnancy-specific and the 
requirement for multiple assays to achieve acceptable 
specificity, these assays have not been widely adopted. 
However, development of sensitive automated inline 
milk progesterone assays should make this technology 
amenable to commercial application (Käppel et al., 
2007; Fricke et al., 2014a). Automated inline testing 
should accelerate the adoption of progesterone assay for 
pregnancy diagnosis because of the high accuracy of 
sequential testing at insemination and then at 20 to 24 
days after insemination for detecting failed 
inseminations (O’Connor, 1994). Testing at later 
intervals could then be used for confirming pregnancy 
status. Adoption of inline testing technology will likely 
take some time due to the high capital costs and will be 
dependent on the reliability of the automated inline 
tests. 

The first reliable pregnancy-specific hormone 
assays were developed to measure placenta-derived 
proteins. The first of these measured circulating 
concentrations of pregnancy-specific protein B (PSPB; 
Butler et al., 1982). Pregnancy-specific protein B is 
produced by placental giant binucleate cells that form 
from mononuclear trophoblast cells starting around days 
17 to 19 of pregnancy in cattle (Spencer et al., 2007). 
Pregnancy-specific protein B concentrations begin to be
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reliably detectable in plasma starting at day 24, and by 
day 28 concentrations are sufficiently elevated to allow 
their use for a highly reliable test for pregnancy in 
ruminant animals (Sasser et al., 1986). Pregnancy-
specific protein B is a member of the pregnancy 
associated glycoprotein (PAG) family of proteins which 
are encoded by a very large gene family (Xie et al., 
1994). PAG are also secreted in milk and reliable milk 
PAG tests are now available in the U.S. for use after day 
35 of early pregnancy (Green and Roberts, 2006). A 
number of commercial suppliers are now producing 
diagnostic tests for PAG family members in blood and 
milk and millions of samples are tested annually in the 
U.S. Currently, available PAG diagnostic tests require 
delivering samples to a centralized testing laboratory. 
Once these tests are adapted to inline milking systems 
and/or developed into “cow-side” diagnostics, they will 
be more widely adopted. 
 
New opportunities for early diagnosis of pregnancy 

status 
 

A large but ill-defined percentage of cows fail 
to conceive following insemination or lose embryos 
prior to rescuing CL function (Pereira et al., 2013). 
Theoretically, these cows could be detected in estrus 
and be reinseminated 21 to 24 days after their first 
insemination. However, as stated above, not all these 
cows will exhibit estrous behavior and those that do 
often go undetected resulting in less than 50% of open 
cows being detected in estrus 21 to 24 days after 
insemination. These cows have been called “phantom” 
cows (Lucy et al., 2004). Therefore, if a pregnancy-
specific signal could be detected during early pregnancy 
it could be used to identify failed conceptions and allow 
for reinsemination of open cows at 21 to 24 day 
intervals. 

Interferon tau (IFN-τ) is the conceptus signal 
responsible for rescuing CL function in ruminants 
(Bazer et al., 2009). With its discovery and 
characterization, a number of groups attempted to detect 
IFN-τ in systemic circulation as a method for 
determining conceptus signaling during early pregnancy 
(Stewart et al., 1992). With the exception of one study 
with a small number of pregnant sheep (Schalue-Francis 
et al., 1991), the outcomes of a number of studies 
supported the prevailing hypothesis that IFN-τ did not 
escape the uterus in appreciable quantities. It was 
generally accepted that IFN-τ acted locally on the 
uterine endometrium to alter the pattern of PGF release 
and maintain CL function (Spencer and Bazer, 2004). 
This is in contrast to humans where conceptus-produced 
chorionic gonadotropin directly supports CL function 
and can be measured in maternal blood and urine as 
soon as 6 to7 days following fertilization (Bazer et al., 
1991). Early studies either used antiviral assay for 
detecting interferon activity (Pontzer et al., 1988) or  
RIA (Vallet et al., 1988) or ELISA (Zhu et al., 1996) to 

directly assay for IFN-τ. More recently, we addressed 
the question of systemic responses to conceptus 
signaling in ruminants using a different, indirect, 
approach of assaying for expression of interferon 
stimulated genes (ISG) in peripheral blood leukocytes 
(Yankey et al., 2001). Type I interferons such as IFN-τ 
induce a large number of ISG that are better known in 
the immune response to viral infection (Williams, 
1991). Among these are the myxovirus resistance genes 
(MX1 and MX2; Ott et al., 1998) and interferon 
stimulated gene 15 (ISG15; Austin et al., 2004). 

Results of Yankey et al. (2001) were the first to 
show that early pregnancy resulted in increased abundance 
of mRNA and protein for MX1 in peripheral blood 
leukocytes (PBL) of pregnant compared to non-pregnant 
ewes on day 15 after insemination (Fig. 2). The effect of 
early pregnancy signaling on ISG expression in PBL was 
subsequently confirmed in cattle (Han et al., 2006; Gifford 
et al., 2007; Stevenson et al., 2007; Oliveira et al., 2008; 
Green et al., 2010; Ribeiro et al., 2014). Figure 3 shows 
abundance of mRNA for MX2 and ISG15 in PBL of dairy 
cattle following insemination (Gifford et al., 2007). 
Messenger RNA for ISG15 was increased in PBL of 
pregnant compared to bred, nonpregnant, dairy cows on 
day 18 and 20 after insemination and MX2 mRNA 
abundance was greater at day 16, 18 and 20 after 
insemination. Importantly, differences in expression of ISG 
occurred prior to the expected time of return to estrus (day 
21 to 24).  These results caused a careful reevaluation of 
hypothesis that IFN-τ acted solely in a paracrine fashion to 
alter uterine PGF production and maintain CL function 
(Oliveira et al., 2008). 

Consistent with previous results, Oliveira et al. 
(2008) demonstrated that expression of interferon 
stimulated genes increased in the peripheral blood of 
pregnant sheep at day 15. Furthermore, they showed 
that antiviral activity (a measure of IFN) was elevated in 
uterine vein plasma, but not plasma obtained from the 
uterine artery during early pregnancy. These results 
strongly suggested that there was endocrine release of 
IFN-τ or a related IFN from the uterus in response to 
conceptus IFN-τ. This hypothesis was confirmed in 
subsequent studies using implanted mini-pumps 
delivering low doses of IFN-τ into the uterine vein that 
protected the CL from a subluteolytic dose of PGF (Bott 
et al., 2010; Antoniazzi et al., 2013). These experiments 
strongly supported the hypothesis that IFN-τ exits the 
uterus, induces ISG in blood cells and peripheral tissues 
including CL and liver and that this mechanism may 
contribute to protecting the CL from the luteolytic 
effects of PGF (Antoniazzi et al., 2013).  

From a practical standpoint, the fact that the 
presence of a conceptus induces ISG in peripheral blood 
prior to expected return to estrus provides an 
opportunity to detect failed inseminations during a 
period when the ovary should contain a second or third 
wave dominant follicle that could be induced to ovulate. 
This would allow reinsemination of open cows at 21 to
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24 day intervals (Lucy et al., 2004). In this model, cows 
detected open at day 18 to 20 after insemination would 
receive injection of a luteolytic dose of PGF and be bred 
on detected estrus or receive TAI accompanied by a 
GnRH injection 48 to72 h after the PGF injection (Lucy 
et al., 2004). The effectiveness of such a program for 
reinsemination of open cows has not yet been 
determined. It would be highly dependent on the 
percentage of open cows that are detectable at 18 to 20 
days after insemination, which has not been determined 
in replicated large-scale studies. However, estimates are 
that greater than 50% of failed inseminations have 
occurred by 20 days after insemination (Pereira et al., 
2013). Any diagnostic test developed for this purpose 
would need to exhibit a high degree of specificity 
because it would trigger a management decision to lyse 
the CL with PGF and return the cow to estrus. Of 
course, cows with elevated expression of ISG at this 
time would be presumed pregnant, but pregnancy would 
need to be confirmed later in gestation to account for 
later embryo losses. A diagnostic used as described here 
could not be considered a pregnancy test, due to the 
relatively high degree of embryo loss that occurs 
between day 20 and 45 after insemination (Pereira et al., 
2013). The usefulness of such a diagnostic would be for 
detecting open cows.  

Finally, studies on conceptus-uterus-immune 
cell cross-talk during early pregnancy have raised 
new questions related to the function of these ISG 
both locally in the uterus and in the peripheral tissues 

during early pregnancy (Ott and Gifford, 2010). 
Interferon stimulated genes generally function as part 
of the innate immune response to viral infection. For 
example, MX1 blocks the replication of negative-
stranded RNA viruses by interfering with generation 
of viral transcripts or by inhibiting assembly of 
mature viral particles depending on the species of 
animal (Haller and Kochs, 2011). Whether activation 
of ISG in early pregnancy is to elevate innate 
immunity (during a period when some aspects of 
immune function are down regulated to protect the 
allogeneic conceptus) is a question currently under 
investigation (Ott and Gifford, 2010). Furthermore, 
assaying for expression of interferon stimulated 
genes in blood during early pregnancy provides a 
non-invasive window on conceptus-uterine cross-talk 
during early pregnancy (Gifford et al., 2008). For 
example, Ribeiro et al. (2014) recently showed that 
treatment of lactating cows with sequential low doses 
of recombinant bovine somatotropin 14 days apart 
starting at insemination improved conceptus growth 
and pregnancy rates (Ribeiro et al., 2014). Enhanced 
conceptus growth was also reflected in increased 
abundance of ISG15 mRNA in peripheral blood 
leukocytes at day 19 after insemination in cows that 
maintained their pregnancies (Fig. 4). Interestingly, 
not all ISG responded in a similar fashion suggesting 
that much more remains to be learned about 
conceptus-uterus-immune cell cross-talk during early 
pregnancy in ruminants (Ribeiro et al., 2014). 

 

 
 

Figure 2. Steady state abundance of myxovirus  resistance 1 (Mx) mRNA in  peripheral blood lymphocytes of 
pregnant (black bars) and bred, non-pregnant (grey bars) ewes from insemination (day 0) to 30 days after 
insemination. Mx mRNA was increased in pregnant ewes from day 15 to 30 after insemination. From Yankey et al., 
2001. 
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Figure 3. Relative fold change in steady state abundance of mRNA for interferon 
stimulated  gene 15 (ISG-15) and myxovirus resistance 2 (Mx2) in peripheral blood 
leukocytes at 16, 18 and 20 days after insemination in pregnant (filled bars) and bred, 
non-pregnant dairy cows (open bars). *indicates statistical difference between 
pregnancy statuses (P < 0.05). From Gifford et al., 2007.  

 
 

 
 
Figure 4. Effects of a single low dose (325 mg) of bovine somatotropin (S-bST) 
given at insemination or two sequential S-bST at insemination and 14 days later on 
relative mRNA abundance of ISG15 at day 19 after insemination in cows diagnosed 
pregnant (open bars) and  open (filled bars) 31 days after insemination. From Ribeiro 
et al., 2014. 
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Conclusions 
 
Obtaining optimal pregnancy rates is a key to 

success in the dairy business. Technologies developed 
over the last 25 years have improved the ability of 
producers to accurately detect estrus and monitor 
pregnancy status while maximizing labor efficiency. 
Coupled with an increase focus on reproductive and 
fitness traits in selection indexes, dairy producers are 
beginning to reverse the decades-long trend in declining 
reproductive performance in the U.S. Automated 
continuous activity monitors containing accelerometers 
will allow real-time evaluation of health status and 
improve estrous detection rates. Integration of these 
systems with cloud computing and mobile device 
communication will provide producers with continuous 
information about the status of cows in the herd. The 
challenge will be with handling large data sets and 
distilling down information in a form that is useful to 
support on-farm decision making.  There will likely be 
increased adoption of pregnancy-specific hormone 
assays, especially if these assays can be adapted to 
inline or “cow-side” diagnostic platforms as has been 
done for the milk progesterone assay. Ultrasound will 
remain the gold-standard for evaluating reproductive 
status and affordability and ease of use are likely to 
continue to improve. Optimized hormonal 
synchronization protocols currently allow producers to 
precisely target first inseminations. However, detection 
of failed inseminations and timely reinsemination of 
cows continues to be a challenge that increases days 
open and reduces profitability. New diagnostic 
approaches are targeting detection of open cows 18 to 
20 days after insemination. If successful, they should 
allow a large proportion of open cows to be identified 
and reinseminated at 21 to 24 day intervals.  
 

References 
 
Antoniazzi AQ, Webb BT, Romero JJ, Ashley RL, 
Smirnova NP, Henkes LE, Bott RC, Oliveira JF, 
Niswender GD, Bazer FW, Hansen TR. 2013. 
Endocrine delivery of interferon tau protects the corpus 
luteum from prostaglandin F2 alpha-induced luteolysis 
in ewes. Biol Reprod, 88:1-12. 
Austin KJ, Carr AL, Pru JK, Hearne CE, George 
EL, Belden EL, Hansen TR. 2004. Localization of 
ISG15 and conjugated proteins in bovine endometrium 
using immunohistochemistry and electron microscopy. 
Endocrinology,145:967-975. 
Ayres H, Ferreira RM, Cunha AP, Araújo RR, 
Wiltbank MC. 2013. Double-Ovsynch in high-
producing dairy cows: effects on progesterone 
concentrations and ovulation to GnRH treatments. 
Theriogenology, 79:159-164. 
Bazer FW, Simmen RC, Simmen FA. 1991. 
Comparative aspects of conceptus signals for maternal 
recognition of pregnancy. Ann NY Acad Sci, 622:202-

211. 
Bazer FW, Spencer TE, Johnson GA, Burghardt 
RC, Wu G. 2009. Comparative aspects of implantation. 
Reproduction, 138:195-209. 
Bott RC, Ashley RL, Henkes LE, Antoniazzi AQ, 
Bruemmer JE, Niswender GD, Bazer FW, Spencer 
TE, Smirnova NP, Anthony RV, Hansen TR. 2010. 
Uterine vein infusion of interferon tau (IFNT) extends 
luteal life span in ewes. Biol Reprod, 82:725-735. 
Britt JH. 1985. Enhanced reproduction and its 
economic implications. J Dairy Sci, 68:1585-1592. 
Butler JE, Hamilton WC, Sasser RG, Ruder CA, 
Hass GM, Williams RJ. 1982. Detection and partial 
characterization of two bovine pregnancy-specific 
proteins. Biol Reprod, 26:925-933. 
Caraviello DZ, Weigel KA, Fricke PM, Wiltbank 
MC, Florent MJ, Cook NB, Nordlund KV, Zwald 
NR, Rawson CL. 2006. Survey of management 
practices on reproductive performance of dairy cattle on 
large US commercial farms. J Dairy Sci, 89:4723-4735. 
Council on Dairy Cattle Breeding. 2014. Available 
on: http://www.cdcb.us. Accessed on: May, 2014. 
DeVries A, Olson JD, Pinedo PJ. 2010. Reproductive 
risk factors for culling and productive life in large dairy 
herds in the eastern United States between 2001 and 
2006. J Dairy Sci, 93:613-623. 
Dechow C. 2014. Why Net Merit might be the wrong 
index for you. Hoard's Dairyman, 159:312.  
Fricke PM, Carvalho PD, Giordano JO, Valenza A, 
Lopes G, Amundson MC. 2014a. Expression and 
detection of estrus in dairy cows: the role of new 
technologies. Animal, 8(suppl. 1):134-143. 
Fricke PM, Giordano JO, Valenza A, Lopes G Jr, 
Amundson MC, Carvalho PD. 2014b. Reproductive 
performance of lactating dairy cows managed for first 
service using timed artificial insemination with or 
without detection of estrus using an activity-monitoring 
system. J Dairy Sci, 97:2771-2781. 
Galvão KN, Federico P, De Vries A, Schuenemann 
GM. 2013.  Economic comparison of reproductive 
programs for dairy herds using estrus detection, timed 
artificial insemination, or a combination. J Dairy Sci, 
96:2681-2693 
Gifford CA, Racicot K, Clark DS, Austin KJ, 
Hansen TR, Lucy MC, Davies CJ, Ott TL. 2007. 
Regulation of interferon-stimulated genes in peripheral 
blood leukocytes in pregnant and bred, nonpregnant 
dairy cows. J Dairy Sci, 90:274-280. 
Gifford CA, Assiri AM, Satterfield MC, Spencer TE, 
Ott TL. 2008. Receptor transporter protein 4 (RTP4) in 
endometrium, ovary, and peripheral blood leukocytes of 
pregnant and cyclic ewes. Biol Reprod, 79:518-524. 
Goodling RC Jr, Shook GE, Weigel KA, Zwald NR. 
2005. The effect of synchronization on genetic 
parameters of reproductive traits in dairy cattle. J Dairy 
Sci, 88:2217-2225. 
Green JA, Roberts RM. 2006. Establishment of an 
ELISA for the detection of native bovine pregnancy-



 Ott et al. Pregnancy diagnosis in ruminants. 
 

Anim. Reprod., v.11, n.3, p.207-216, Jul./Sept. 2014 215 

associated glycoproteins secreted by trophoblast 
binucleate cells. Methods Mol Med, 122:321-330. 
Green JC, Okamura CS, Poock SE, Lucy MC. 2010. 
Measurement of interferon-tau (IFN-tau) stimulated 
gene expression in blood leukocytes for pregnancy 
diagnosis within 18-20d after insemination in dairy 
cattle. Anim Reprod Sci, 12:24-33. 
Gumen A, Keskin A, Yilmazbas-Mecitoglu G, 
Karakaya E, Alkan A, Okut H, Wiltbank MC. 2012. 
Effect of presynchronization strategy before Ovsynch 
on fertility at first service in lactating dairy cows. 
Theriogenology, 78:1830-1838. 
Haller O, Kochs G. 2011. Human MxA protein: an 
interferon-induced dynamin-like GTPase with broad 
antiviral activity. J Interferon Cytokine Res, 31:79-87. 
Han H, Austin KJ, Rempel LA, Hansen TR. 2006. 
Low blood ISG15 mRNA and progesterone levels are 
predictive of non-pregnant dairy cows. J Endocrinol, 
191:505-512. 
Herlihy MM, Giordano JO, Souza AH, Ayres H, 
Ferreira RM, Keskin A, Nascimento AB, Guenther 
JN, Gaska JM, Kacuba SJ, Crowe MA, Butler ST, 
Wiltbank MC. 2012. Presynchronization with Double-
Ovsynch improves fertility at first postpartum artificial 
insemination in lactating dairy cows. J Dairy Sci, 
95:7003-7014. 
Käppel ND, Pröll F, Gauglitz G. 2007. Development 
of a TIRF-based biosensor for sensitive detection of 
progesterone in bovine milk. Biosens Bioelectron, 
22:2295-2300. 
Lima FS, De Vries A, Risco CA, Santos JE, Thatcher 
WW. 2010. Economic comparison of natural service 
and timed artificial insemination breeding programs in 
dairy cattle. J Dairy Sci, 93:4404-4413. 
Lucy MC, McDougall S, Nation DP. 2004. The use of 
hormonal treatments to improve the reproductive 
performance of lactating dairy cows in feedlot or 
pasture-based management systems. Anim Reprod Sci, 
82/83:495-512. 
Miller RH, Norman HD, Kuhn MT, Clay JS, 
Hutchison JL. 2007. Voluntary waiting period and 
adoption of synchronized breeding in dairy herd 
improvement herds. J Dairy Sci, 90:1594-1606. 
Moore DA, Overton MW, Chebel RC, Truscott ML, 
BonDurant RH. 2005. Evaluation of factors that affect 
embryonic loss in dairy cattle. J Am Vet Med Assoc, 
226:1112-1118. 
Moore K, Thatcher WW. 2006. Major advances 
associated with reproduction in dairy cattle. J Dairy Sci, 
89:1254-1266. 
Moreira F, de la Sota RL, Diaz T, Thatcher WW. 
2000. Effect of day of the estrous cycle at the initiation 
of a timed artificial insemination protocol on 
reproductive responses in dairy heifers. J Anim Sci, 
78:1568-1576. 
Neves RC, Leslie KE, Walton JS, Leblanc SJ. 2012. 
Reproductive performance with an automated activity 
monitoring system versus a synchronized breeding 

program. J Dairy Sci, 95:5683-5693.  
O’Connor ML. 1994. Alternative methods for 
determining pregnancy status. In: Proceedings of the 
National Reproduction Symposium, 1994, Pittsburgh, 
PA. Dallas, TX: Texas Agricultural Extension Service. 
pp. 23-32.  
Oliveira JF, Henkes LE, Ashley RL, Purcell SH, 
Smirnova NP, Veeramachaneni DN, Anthony RV, 
Hansen TR. 2008. Expression of interferon (IFN)-
stimulated genes in extrauterine tissues during early 
pregnancy in sheep is the consequence of endocrine 
IFN-tau release from the uterine vein. Endocrinology, 
149:1252-1259. 
Ott TL, Yin J, Wiley AA, Kim HT, Gerami-Naini B, 
Spencer TE, Bartol FF, Burghardt RC, Bazer 
FW.1998. Effects of the estrous cycle and early 
pregnancy on uterine expression of Mx protein in sheep 
(Ovis aries). Biol Reprod, 59:784-794. 
Ott TL, Gifford CA. 2010. Effects of early conceptus 
signals on circulating immune cells: lessons from 
domestic ruminants. Am J Reprod Immunol, 64:245-
254. 
Pereira RV, Caixeta LS, Giordano JO, Guard CL, 
Bicalho RC. 2013. Reproductive performance of dairy 
cows resynchronized after pregnancy diagnosis at 31 
(±3 days) after artificial insemination (AI) compared 
with resynchronization at 31 (±3 days) after AI with 
pregnancy diagnosis at 38 (±3 days) after AI. J Dairy 
Sci, 96:7630-7639. 
Pierson RA, Ginther OJ. 1984. Ultrasonography for 
detection of pregnancy and study of embryonic 
development in heifers. Theriogenology, 22:225-233. 
Pinedo PJ, DeVries A. 2010. Effect of days to 
conception in the previous lactation on the risk of death 
and live culling around calving. J Dairy Sci, 93:968-
977.  
Pontzer CH, Torres BA, Vallet JL, Bazer FW, 
Johnson HM. 1988. Antiviral activity of the pregnancy 
recognition hormone ovine trophoblast protein-1. 
Biochem Biophys Res Commun, 152:801-807. 
Pursley JR, Mee MO, Wiltbank MC. 1995. 
Synchronization of ovulation in dairy cows using 
PGF2alpha and GnRH. Theriogenology, 44:915-923. 
Pursley JR, Wiltbank MC, Stevenson JS, Ottobre 
JS, Garverick HA, Anderson LL. 1997. Pregnancy 
rates per artificial insemination for cows and heifers 
inseminated at a synchronized ovulation or 
synchronized estrus. J Dairy Sci, 80:295-300. 
Quentela LA, Barrio M, Peña AI, Becerra JJ, 
Cainzos J, Herradón PG, Díaz C. 2012. Use of 
ultrasound in the reproductive management of dairy 
cattle. Reprod Domest Anim, 47(suppl. 3):34-44.  
Rabiee AR, Lean IJ, Stevenson MA. 2005. Efficacy of 
Ovsynch program on reproductive performance in dairy 
cattle: a meta-analysis. J Dairy Sci, 88:2754-2770. 
Ribeiro ES, Bruno RG, Farias AM, Hernández-
Rivera JA, Gomes GC, Surjus R, Becker LF, Birt A, 
Ott TL, Branen JR, Sasser RG, Keisler DH, 



 Ott et al. Pregnancy diagnosis in ruminants. 
 

216 Anim. Reprod., v.11, n.3, p.207-216, Jul./Sept. 2014 

Thatcher WW, Bilby TR, Santos JE. 2014. Low doses 
of bovine somatotropin enhance conceptus development 
and fertility in lactating dairy cows. Biol Reprod, 90:1-
12. 
Sasser RG, Ruder CA, Ivani KA, Butler JE, 
Hamilton WC. 1986. Detection of pregnancy by 
radioimmunoassay of a novel pregnancy-specific 
protein in serum of cows and a profile of serum 
concentrations during gestation. Biol Reprod, 35:936-
942. 
Schalue-Francis TK1, Farin PW, Cross JC, Keisler D, 
Roberts RM. 1991. Effect of injected bovine interferon-
alpha I1 on estrous cycle length and pregnancy success in 
sheep. J Reprod Fertil, 91:347-356. 
Souza AH, Ayres H, Ferreira RM, Wiltbank MC. 
2008. A new presynchronization system (Double-
Ovsynch) increases fertility at first postpartum timed AI 
in lactating dairy cows. Theriogenology, 70:208-215.  
Spencer TE, Bazer FW. 2004. Conceptus signals for 
establishment and maintenance of pregnancy. Reprod 
Biol Endocrinol, 2:49-64. 
Spencer TE, Johnson GA, Bazer FW, Burghardt 
RC. 2007. Fetal-maternal interactions during the 
establishment of pregnancy in ruminants. Soc Reprod 
Fertil Suppl, 64:379-396. 
Stevenson JL, Dalton JC, Ott TL, Racicot KE, 
Chebel RC. 2007. Correlation between reproductive 
status and steady-state messenger ribonucleic acid levels 
of the Myxovirus resistance gene, MX2, in peripheral 
blood leukocytes of dairy heifers. J Anim Sci, 85:2163-
2172.  
Stevenson JS, Hill SL, Nebel RL, Dejarnette JM. 
2014. Ovulation timing and conception risk after 
automated activity monitoring in lactating dairy cows. J 

Dairy Sci, 97:4296-4308.  
Stewart HJ, Guesdon FM, Payne JH, Charleston B, 
Vallet JL, Flint AP. 1992. Trophoblast interferons in 
early pregnancy of domestic ruminants. J Reprod Fertil 
Suppl, 45:59-68. 
Vallet JL, Bazer FW, Ashworth CJ, Johnson HM, 
Pontzer CH. 1988. Development of a 
radioimmunoassay for ovine trophoblast protein-1, the 
antiluteolytic protein from the sheep conceptus. J 
Endocrinol, 117:R5-R8. 
Van Eerdenburg FJCM. 2008. The pedometer, an 
automated aid in the detection of estrus. Vet Q, 
30(suppl. 1):49-57. 
Vasconcelos JL, Silcox RW, Rosa GJ, Pursley JR, 
Wiltbank MC. 1999. Synchronization rate, size of the 
ovulatory follicle, and pregnancy rate after 
synchronization of ovulation beginning on different 
days of the estrous cycle in lactating dairy cows. 
Theriogenology, 52:1067-1078. 
Williams BR. 1991. Signal transduction and 
transcriptional regulation of interferon-alpha-stimulated 
genes. J Interferon Res, 11:207-213. 
Xie S, Low BG, Nagel RJ, Beckers JF, Roberts RM. 
1994. A novel glycoprotein of the aspartic proteinase 
gene family expressed in bovine placental 
trophectoderm. Biol Reprod, 51:1145-1153. 
Yankey SJ, Hicks BA, Carnahan KG, Assiri AM, 
Sinor SJ, Kodali K, Stellflug JN, Stellflug JN, Ott 
TL. 2001. Expression of the antiviral protein Mx in 
peripheral blood mononuclear cells of pregnant and 
bred, non-pregnant ewes. J Endocrinol, 170:R7-R11. 
Zhu D, Ott TL, Bazer FW. 1996. Enzyme-linked 
immunosorbent assay for ovine interferon-tau. J 
Interferon Cytokine Res, 16:147-150. 

 
 
 



 Anim. Reprod., v.11, n.3, p.217-224, Jul./Sept. 2014 
 

_________________________________________ 

5Corresponding author: manoelsa@usp.br; barusell@usp.br 
Phone: +55(11)3091-7674; Fax: +55(11)3091-7412 
Received: June 8, 2014 
Accepted: July 13, 2014 

Sex-sorted sperm for artificial insemination and embryo transfer  
programs in cattle 

 

M.F. Sá Filho1,5, M. Nichi1, J.G. Soares1, L.M. Vieira1, L.F Melo3, A. Ojeda2, E.P. Campos Filho4,  
A.H. Gameiro2, R. Sartori3, P.S. Baruselli1,5 

 
1Departamento de Reprodução-VRA, FMVZ-USP, São Paulo, SP, Brazil. 

2Departamento de Nutrição e Produção Animal-VNP, FMVZ-USP, Pirassununga, SP, Brazil. 
3Departamento de Zootecnia, ESALQ-USP, Piracicaba-SP, Brazil. 

4Sexing Technologies, Sertãozinho, SP, Brazil. 
 
 

Abstract 
 

The selection of offspring from the desired sex 
can be one of the determining factors to increase the 
genetic progress and farmer´s profitability in either beef 
or dairy cattle. In fact, the use of sex-sorted sperm has 
been applied worldwide combined with artificial 
insemination (AI) upon estrus detection in heifers. 
Additionally, several researches have been performed 
aiming to investigate the use of sex-sorted sperm during 
timed AI (TAI) programs and for insemination of 
superstimulated donors for in vivo embryo programs. 
Pregnancy per AI (P/AI) of cyclic heifers inseminated in 
estrus with sex-sorted sperm has been reported to be 
approximately 75 to 80% of the P/AI of heifers 
inseminated with non-sorted sperm. Insemination of 
superstimulated cows with sex-sorted sperm has been 
reported to reduce the production of viable embryos. 
Recently, however, it has been demonstrated that P/AI 
and embryo production per flushing resulting from AI 
with sex-sorted sperm may be improved when the time 
of AI is postponed in relation to the time of AI with 
non-sorted sperm. The P/AI of non stimulated females 
and fertilization rates and number of embryos recovered 
from superstimulated females were increased when AI 
occurred between 16 and 24 h after the onset of estrus 
(i.e. 6 to 14 h before ovulation). Nonetheless, despite 
the improvements achieved in the last decade, there is 
still a significant individual variability in fertility among 
bulls that have their sperm sex-sorted. It is critical that 
the pre-determination of the sire fertility is a paramount 
when sex-sorted sperm is utilized in commercial AI and 
ET programs. Thus, the aim of this review is to discuss 
the main concepts related to the use of sex-sorted sperm 
in TAI and ET programs, addressing some strategies to 
increase the efficiency of the technique. 
 
Keywords: bovine, fertility, reproduction, sexed semen, 
sorting technique. 
 

Introduction 
 

Sex-sorting of sperm cells by flow cytometry is 
an established method that has been commercially used 

in cattle (Seidel, 2007; Garner and Seidel, 2008; Rath et 
al., 2013). This technology is an important tool for the 
dairy and beef industry, leading to greater supply of 
replacement heifers and the consequent hastening on 
genetic gain (De Vries et al., 2008; Chebel et al., 2010). 
Specific in beef farms, the use of sex-sorted semen 
could increase the incidence of male calves, product of 
greater interest due to the increased meat production 
potential. The separation of sperm bearing X and Y 
chromosomes is possible due to the differences on the 
DNA content of these cells (X bearing sperm has about 
4% more genetic material than Y bearing sperm) 
identified by flow cytometry (Johnson, 2000).  

The sex sorting process by flow cytometry is 
the most efficient method to separate X from Y-
spermatozoa in a large scale (Garner and Seidel, 2008; 
Rath et al., 2013; Seidel, 2014). Advances in semen sex 
sorting have enabled incorporation of this technology 
into commercial operations (De Vries et al., 2008; 
Norman et al., 2010). Despite the significant advances 
in sex-sorting sperm using flow cytometry in cattle, 
lower pregnancy per AI (P/AI) and reduced in vivo 
embryo production is achieved when compared to the 
rates obtained with non sex-sorted sperm (Schenk et al., 
2006, 2009; Larson et al., 2010; Sales et al., 2011; 
Soares et al., 2011; Sá Filho et al., 2012; Seidel, 2014). 
The considerable interest in sex-sorting technology 
worldwide provides several research opportunities and 
challenges associated to the use of this product in farms. 
The aim of this review is to bring into focus a summary 
of our current understanding on the use of sex-sorted 
sperm in AI and ET programs, as well as strategies to 
optimize the efficiency of these combined technologies.  
 

Fertility after the use of sex-sorted sperm in cattle 
 

Despite the advances in sex-sorting of sperm 
using flow cytometry, lower P/AI is currently observed 
when compared with conventional semen (DeJarnette et 
al., 2009, 2010, 2011; Sales et al., 2011; Sá Filho et al., 
2012). The P/AI of females inseminated with sex-sorted 
sperm may be influenced by their reduced lifespan in 
the uterus (Maxwell et al., 2004), reduced number of 
sorted sperm per straw (Seidel and Schenk, 2008; 
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Schenk et al., 2009; DeJarnette et al., 2011) and bull-
related fertility (Frijters et al., 2009; Sá Filho et al., 
2010a; DeJarnette et al., 2011; Sales et al., 2011). The 
reduced lifespan of the sex-sorted sperm in the female 
reproductive tract, due to mitochondria modification 
and DNA fragmentation, could alter the optimum 
interval to perform AI relative to ovulation (Maxwell et 
al., 2004; Sá Filho et al., 2010a; Gosálvez et al., 
2011;Sales et al., 2011; Rath et al., 2013). 

In a combination of several experiments, Seidel et 
al. (1999) observed that the P/AI of heifers vary from 40 to 
68% and from 67 to 82% in those females inseminated 
with sex-sorted and non-sex-sorted sperm, respectively. 

Also, Seidel and Schenk (2008) observed a lower P/AI 
when using sex-sorted sperm (31 to 42%) than non 
sex-sorted sperm (43 to 62%). In zebu females (433 heifers 
and 230 non-suckling cows) inseminated with male-sexed 
sperm following estrus detection (Dominguez et al., 2011), 
lower P/AI was observed when AI was performed using 
sex-sorted sperm (38.8%; 131/338) than non sex-sorted 
sperm (57.9%; 188/325). Despite lower P/AI described in 
the literature in cattle inseminated using sex-sorted sperm; 
there is consensus that fertility of heifers inseminated upon 
estrous detection using sex-sorted sperm is about 70 to 
80% of the P/AI obtained following the use of 
conventional semen (Table 1). 

 
Table 1. Pregnancy per AI (P/AI) of females inseminated with non sex-sorted or sex-sorted sperm and the pregnancy 
proportion obtained by sex-sorted sperm based on non sex-sorted sperm. 

  
Pregnancy per AI based on type of semen 

used in AI 
  

Breed Category 
Non sex-sorted % 

(n/n) 
Sexed 

% (n/n) 
Proportion 

% 
Reference 

Timed Artificial insemination    
Beef Cows 54.2 (232/428) 45.4 (193/425) 83.7 Sá Filho et al., 2012 
Beef Cows 54.7 (134/245) 45.9 (113/246) 83.9 Sá Filho et al., 2012 
Beef Cows 51.8 (100/193) 41.8 (82/196) 80.7 Sales et al., 2011 
Beef Cows 55.3 (105/190) 40.9 (79/193) 74.0 Sales et al., 2011 

Dairy Cows 27.1 (44/162) 13.0 (21/161) 48.0 
Souza et al., 2006, 
FMVZ/USP, São Paulo, 
Brazil, unpublished data 

      
Artificial insemination with estrus detection   
Beef Heifers 67.6 (96/142) 53.7 (130/242) 79.4 Seidel and Schenk, 2008 
Beef Heifers 67.0 (85/126) 52.6 (129/245) 78.5 Seidel and Schenk, 2008 
Beef Cows and Heifers 57.9 (188/325) 38.8 (131/338) 67.0 Dominguez et al., 2011 
Dairy Heifers 60.0 (1375/2292) 38.0 (881/2319) 63.3 DeJarnette et al., 2011 
Dairy Cows and Heifers 37.7 (160/426) 22.9 (51/223) 60.7 Mellado et al., 2010 

Dairy Heifers 
56.0 

(30082/53718) 
45.0 (17893/39763) 80.3 DeJarnette et al., 2009 

Dairy Cows  and Heifers 37.4 (34/91) 28.8 (38/132) 77.0 Bodmer et al., 2005 
Dairy Cows 46.0 (69/149) 21.0 (33/157) 45.6 Andersson et al., 2006 
Dairy Heifers 60.0 (74/124) 46.7 (114/244) 77.8 Seidel and Schenk, 2008 
Dairy Heifers 62.0 (163/263) 42.1 (225/534) 67.9 Seidel and Schenk, 2008 
      

Overall 
56.0% 

(32941/58874) 
44.3% 

(20113/45418) 
79.1  

 
In lactating dairy cows, a recent retrospective 

study demonstrated that the use of sex-sorted sperm for 
AI of US Holstein cows (10.8 million AI) was able to 
achieve mean P/AI about 25% (Norman et al., 2010). 
Andersson et al. (2006) reported that the average P/AI 
was 21% with sex-sorted sperm and 46% with non 
sex-sorted sperm in dairy cows. Schenk et al. (2009) 
verified that lactating dairy cows achieved ~25% of 
P/AI when using sex-sorted sperm and ~37% with non 
sex-sorted sperm. Other recent study (DeJarnette et al., 
2010), evaluated the use of different doses of sex-sorted 
sperm and non sex-sorted sperm in lactating dairy cows. 
The P/AI of lactating cows were 23, 25, and 32% 

following the use of 2.1 and 3.5 × 106 sex-sorted sperm 
dosages and 15 × 106 conventional, respectively. Also, 
in other recent study working with crossbred Bos 
indicus x Bos taurus lactating dairy cows, Sá Filho et al. 
(2013) reported lower P/AI in cows receiving AI using 
sex-sorted sperm following TAI (21.4%) than cows bred 
upon estrus detection (31.7%).  

In brief, the P/AI observed following the use of 
sex-sorted sperm is dependent on the P/AI normally 
observed following the use of conventional semen. 
Thus, similarly to what is observed when conventional 
semen is used, P/AI of females inseminated with 
sex-sorted semen is dependent on fertility of the bulls, 



 Sá Filho et al. Sex-sorted sperm in cattle. 
 

Anim. Reprod., v.11, n.3, p.217-224, Jul./Sept. 2014 219 

animal categories (lactating cows or cyclic heifers), and 
management across different farms. Consequently, the 
major commercial recommendation for the use of sex-
sorted sperm still has been in heifers after detection of 
estrus, especially due to their higher fertility (DeJarnette 
et al., 2009; Norman et al., 2010; Healy et al., 2013). 

 
Improving the P/AI by adjusting the time of 
insemination 
 

The optimal time at which insemination should 
take place relative to ovulation depends primarily on the 
lifespan of spermatozoa and the viability of the oocyte 
in the female genital tract (Hunter and Wilmut, 1984). 
Dransfield et al. (1998) and Roelofs et al. (2006) 
demonstrated that the probability of P/AI decreased 
when AI using non sex-sorted sperm is performed closer 
to the moment of ovulation. According to Roelofs et al. 
(2006), fertilization drastically decreases when AI with 
conventional semen occurs after ovulation.  

Our research group performed a study to 
evaluate different times to perform AI using sex-sorted 
sperm. Thereby, Jersey heifers (n = 638) were 
inseminated following estrus detection using radio 
telemetry (Heat Watch®) in different intervals from onset 
of estrus to insemination (12 to 16 h; 16 to 20 h; 20 to 24 h 
and 24 to 30 h) . The P/AI of heifers inseminated from 12 
to 16 h after the onset of estrus (37.7%; 40/106) was 
lower (P = 0.03) than those inseminated from 16.1 to 20 h 
(51.8%; 85/164) and 20.1 to 24 h (55.6%; 130/234). No 
differences were observed on P/AI for heifers 
inseminated from 24.1 to 30 h (45.5%; 61/134) when 
compared to the other interval groups. 

Therefore, increasing the interval from the 
onset of estrus to AI may increase pregnancy rates when 
using sex-sorted semen. This could be achieved by 
increasing the frequency of estrus detection or using 
methods that allow continuous monitoring of cow 
activity, e.g. mount monitoring systems. Furthermore, it 
is important to note that the effect of timing of 
insemination on pregnancy rate could be more 
pronounced when using sex-sorted sperm from bulls 
less tolerant to the sorting process. 

In Brazil, it has been recently reported that 
almost 60% of the AI performed in this country are 
made at fixed time (Baruselli et al., 2012). For this, the 
use of a P4/progestin plus E2 based TAI protocols has 
been the most commercially used type of fixed-time 
synchronization protocol (Baruselli et al., 2012). In 
these ovulation synchronization protocols, an 
intravaginal device containing P4 or an ear implant 
containing norgestomet and estradiol benzoate (EB; 
2mg i.m.) are administered on day 0; an injection of 
prostaglandin (PG) F2α on day 8 or 9 at the moment of 
device withdrawal plus 300 to 400 IU of equine 
chorionic gonadotropin (eCG). Different ovulation 

inducers with similar efficiency could be used such as 
estradiol cipionate (EC; 0.5 mg i.m.) at moment or EB 
(1mg i.m.) 24 h after the P4/progestin implant removal. 
Timed artificial insemination usually is performed from 
48 to 54 h after P4/progestin source removal (Baruselli 
et al., 2012). A possibility to improve P/AI following 
the use of sex-sorted sperm is to control the variation in 
the time of ovulation through the use of ovulation 
synchronization protocols. For instance, in beef and 
dairy females, P4/E2 based synchronization protocols 
induce ovulation 70-72 h after the P4 device removal 
(Souza et al., 2009; Sales et al., 2011; Baruselli et al., 
2012).  

Because sex-sorted sperm presents lower 
viability on the reproductive tract than conventional 
semen (Maxwell et al., 2004), our research group has 
evaluated P/AI following delayed AI using sex-sorted 
sperm in heifers. In a first study, Sales et al. (2011) 
inseminated 420 cyclic Jersey heifers at either 54 or 60 
h after P4 device removal, using either sex-sorted (2.1 
million of sperm) or non sex-sorted sperm (20 million 
of sperm) from three sires. The interaction between time 
of AI and type of semen tended (P = 0.06) to affect 
P/AI. Delayed insemination improved P/AI only when 
sex-sorted sperm was used (TAI 54 h = 16.2%; 17/105 
vs. TAI 60 h = 31.4%; 32/102). In contrast, altering the 
timing of AI did not affect P/AI with non sex-sorted 
sperm (TAI 54 h = 50.5%; 51/101 vs.TAI 60 h = 51.8%; 
58/112). Based on these results, Sales et al. (2011) used 
the same experimental design in suckled Bos indicus 
cows. Timing of AI did not improve P/AI of cows 
receiving sex-sorted semen and the interaction between 
time of AI and type of semen did not affect P/AI [Non 
sex-sorted TAI 54 h = 48.4% (n = 95) vs. Non sex-
sorted TAI 60 h = 55.1% (n = 98) and Sex-sorted TAI 
54 h = 37.4% (n = 99) vs. Sex-sorted TAI 60 h = 46.4% 
(n = 97)]. Finally, the same authors evaluated the 
moment of insemination using sex-sorted sperm relative 
to the moment of ovulation in suckled Bos indicus cows 
(n = 339). In this study, cows were randomly assigned 
to receive TAI with sex-sorted sperm at 36, 48, or 60 h 
after P4 device removal. Ovarian ultrasound 
examinations were performed twice daily in all cows to 
verify the moment of ovulation. Ovulation occurred, on 
average, 71.8 ± 7.8 h after P4 removal, and greater P/AI 
was achieved when insemination was performed closer 
to ovulation. Higher P/AI (37.9%, 36/95) was observed 
for TAI performed between 0 and 12 h before ovulation, 
whereas P/AI was significantly lower for TAI 
performed between 12.1 and 24 h (19.4%, 21/108) or 
>24 h (5.8%, 5/87) before ovulation.  

Therefore, improvement on P/AI with delayed 
time of AI is possible (Table 2), and seemed achievable 
when breeding is performed 60 h after progestin implant 
removal compared with the standard 54 h normally used 
in TAI protocols. 
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Table 2. Influence of the AI moment, diameter of the largest follicle (LF) and presence of corpus luteum (CL) on the 
pregnancy rate of heifers and cows submitted to synchronization of ovulation protocols. 

  Pregnancy per AI % (n/n)  
Reference Animal category Early AI time Late AI time P value 

Schenk et al. (2009) Angus heifers 34.4 (11/32) 48.6 (17/35) >0.10 
Neves (2010) Nelore cows 20.8 (27/130) 30.9 (38/123) <0.05 
Sales et al. (2011) Nelore cows 42.8 (100/193) 50.8 (99/195) 0.11 
Sales et al. (2011) Jersey heifers 16.2 (17/105) 31.4 (32/102) <0.01 
     

Overall (early and late AI time) 33.7 (155/460) 40.9 (186/455) <0.01 
 
Targeted use of sex-sorted sperm in females with a 
greater likelihood of pregnancy 

 
The size of the dominant follicle at the end of 

the synchronization of ovulation protocol and the 
occurrence of estrus from progesterone source removal 
to the TAI have been reported to influence P/AI (Perry 
et al., 2005, 2007; Sá Filho et al., 2010b, 2011, 2012). 
Thus, the targeted use of sex-sorted sperm in females 
presenting larger follicle (LF) diameter at TAI and those 
displaying estrus following the synchronization protocol 
(e.g. greater likelihood of pregnancy) could be 
important tools to optimize the use of sex-sorted sperm 
in TAI synchronization programs. 

To evaluate the LF diameter at TAI and the 
occurrence of estrus following TAI programs as the 
selective criteria to use sex-sorted sperm, Sá Filho et al. 
(2012) performed two trials using suckled Bos indicus 
cows. In the first trial, the authors showed an interaction 
between the type of sperm and LF diameter at the time 
of TAI (non sex-sorted ≥9 mm = 58.9%a, 126/214; 
non sex-sorted <9 mm = 49.5%b, 106/214; sex-sorted 
≥9 mm = 56.8%ab, 134/236; and sex-sorted <9 mm = 
31.2%c, 59/189; abcP < 0.05). In the second trial, suckled 
zebu cows inseminated with sex-sorted sperm (45.9%, 
113/246) presented lower P/AI than those receiving non 
sex-sorted sperm (54.7%, 134/245). However, recent study 
(Thomas et al., 2014) indicated an alternative approach for 
the sex-sorted semen use. The authors showed that when 
using sex-sorted semen with delayed AI by 20 h from the 
standard FTAI among cows that failed to express estrus, 
pregnancy rates (36%) were comparable (P = 0.9) to those 
achieved using conventional semen at the standard time 
(37%). Though, different than beef cattle, the strategy to 
select most fertile dairy cows has presented conflicting 
results. In a recent study with lactating dairy cows 
synchronized with the Ovsynch protocol, Karakaya et al. 
(2014) compared the P/AI after TAI with sex-sorted 
sperm (n = 148) or non sex-sorted sperm (n = 154) 
when only cows with a follicle size between 12 and 18 
mm and clear vaginal discharge at the time of AI were 
inseminated. The P/AI was lower for cows inseminated 
with sex-sorted sperm (25.7%) compared with non 
sex-sorted sperm (39.0%). The authors suggested that, 
in lactating dairy cows, sex-sorted sperm produced 
lower fertility results when compared to conventional 
semen, even when using some selection criteria for the 

most potentially fertile cows. 
Therefore, at least for beef cattle, the LF diameter 

at TAI and the occurrence of estrus can be used as 
selection criteria to identify cows with greater odds of 
pregnancy to receive sex-sorted sperm in TAI programs. 
However, additional studies are required to precisely 
evaluate these strategies in lactating dairy cows. 

 
Use of sex-sorted sperm in embryo transfer programs 

 
The determination of factors that alter the 

embryo quality in superovulated cows could determine 
improvements in ET programs (Santos et al., 2008; 
Sartori et al., 2009), and provide tools to overcome the 
low fertility under certain physiological conditions 
(Baruselli et al., 2009, 2011; Stewart et al., 2011). 

The possibility to choose the sex of the offspring 
in a herd in species of economic interest is a much 
desired goal in animal production. The benefits of early 
identification of sex in the acceleration of the genetic 
progress, when associated with AI and/or ET techniques, 
were reported by some authors (Taylor et al., 1985). 

Although the pre-implantation diagnosis 
aiming to identifying the sex of bovine embryos by 
PCR, both produced in vivo and in vitro, has been 
consolidated for human with no deleterious influence on 
conception (Hasler et al., 2002), the ideal method of 
controlling the sex ratio appears to be the sex-sorting 
sperm, through the separation of X-bearing sperm that 
from Y-bearing sperm. Once fully developed, this 
technique would allow selecting the sex by AI or other 
biotechnologies, with a much higher impact on animal 
production than the identification of embryonic sex, as 
this does not increase the number of embryos of the 
desired sex (Sartori et al., 2004). 

One of the first studies to evaluate the 
feasibility of using sex-sorted sperm in superovulation 
programs was conducted by Sartori et al. (2004). The 
advantage of this study was the use of equal amounts of 
sperm by treatment (sex-sorted sperm or non sex-sorted). 
At the end of the superovulation protocol, Holstein 
heifers were randomly allocated to one of three 
treatments and inseminated once with sex-sorted sperm 
containing 20 million of sperms 12 h after estrus 
detection (S20-1X); twice with sex-sorted sperm 
containing 10 million of sperms, 12 and 24 h after estrus 
detection (S10-2X); and twice with non sex-sorted
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sperm containing 10 million of sperms, 12 and 24 h 
after estrus (NS10-2X). When sex-sorted sperm was 
used, number and percentage of fertilized and viable 
embryos recovered per flush was similar between the 
S20-1X and S10-2X group, but lower than in the U10-2X 
group. In addition, heifers bred with X-sorted sperm had 
an increase in the percentage of degenerate embryos 
when only fertilized structures were included in the 
analysis (Table 3). Differently, Peippo et al. (2009) 
observed no differences in superstimulated Holstein heifers 
on the number of embryos/ova per flushing (6.4 ± 4.2 vs. 
8.6 ± 6.5; Mean ± SD), percentage of transferable 
embryos (53.9 vs. 65.6%) and percentage of unfertilized 
structures (21.1 vs. 10.6%) for sex-sorted and non 
sex-sorted sperm, respectively. In superstimulated cows 
inseminated with sex-sorted sperm, no differences were 
observed in the number of embryos/ova per flushing 
(10.4 ± 9.6 vs. 9.4 ± 6.7; Sex-sorted and non sex-sorted 
sperm, respectively). However, marked differences were 
demonstrated in the percentage of transferable embryos 
(21.1 vs. 64.5%) and the percentage of unfertilized 
structures (56.0 vs. 14.4%) for sex-sorted and non sex-sorted 
sperm, respectively. It is noteworthy that in this study, the 
dose of conventional semen was 15 million of sperm and 
of sex-sorted sperm was 2.1 million of sperm. 
Moreover, the females were inseminated up to 4 times 
(9 to 15 h intervals), for a total range of 6 to 8 million of 

sex-sorted sperm and 30 to 45 million of non sex-sorted 
sperm. Soares et al. (2011) conducted a study that 
involved two experiments that evaluated different times 
of insemination (12 and 24 h or 18 and 30 h after 
ovulation induction) and two types of sperm (sex-sorted 
= 4.2 million of sperm/AI or non sex-sorted = 40 million of 
sperm/AI) in Nelore (Bos indicus) and Holstein (Bos 
taurus) superstimulated cows. The aim was to evaluate 
the delay in 6 h in the insemination time of the donors, 
which occurred at a fixed time after induction of 
ovulation with porcine LH (pLH) administration. For 
this study, one single Nelore bull produced ejaculates 
that were proportionally divided to produce sex-sorted 
and non-sorted sperm that were used for all of the 
inseminations. The results of the experiment in Nelore 
cows are presented in the Table 4.Table 5 summarizes 
the results of the experiment performed in Holstein 
donor cows. The delay of TAI from 12/24 h to 18/30 h 
after pLH administration increased the number of 
embryos produced in superstimulated cows inseminated 
with sex-sorted sperm. However, the results are still 
lower than those obtained with the use of non sex-sorted 
sperm, especially when analyzing the outcomes in 
Nelore cows. These data suggest the possibility of 
increasing the efficiency of embryo production with 
sex-sorted sperm by delaying the TAI in 6 h after pLH 
treatment for ovulation induction. 

 
Table 3. Results (mean ± SE) of superovulated Holstein heifers inseminated with sex-sorted sperm X (S20-1X: 20 x 
106 or S10-2X: 10 million of sperm/dose), or non sex-sorted sperm (NS10-2X: 10 million of sperm/dose). 

 S20-1X (n = 12) S10-2X (n = 13) NS10-2X (n = 14) 
No of CL at flushing 15.3 ± 1.7 18.1 ± 3.4 14.1 ± 1.5 
Structures/ flushing    6.8 ± 1.6a   8.9 ± 1.8    9.9 ± 1.9b

Fertilized/ flushing    3.8 ± 0.8a    4.9 ± 0.9a    8.7 ± 1.7b

% Fertilized/ flushing  63.5 ± 9.2a  61.9 ± 6.3a  90.9 ± 4.0b

Viable/ flushing    1.9 ± 0.7a    2.3 ± 0.6a    6.3 ± 1.2b

% Viable/ flushing 24.3 ± 8.5a  30.8 ± 7.7a  71.3 ± 7.3b

Degenerated/ flushing 1.8 ± 0.4   2.6 ± 0.6   2.4 ± 0.9 
% Degenerated/ flushing 39.2 ± 10.2 31.1 ± 5.6 19.6 ± 4.8 
% Degenerated/ fertilized  58.6 ± 11.8a  53.1 ± 9.8a  24.2 ± 6.4b

Different superscripts in row indicate difference for P < 0.05. 
 

Table 4. Embryo production (mean  SE) of superovulated Nelore (Bos indicus) cows timed artificial inseminated 
with sex-sorted and non sex-sorted sperm according to the insemination moment.  

 Treatments 
P 

 
Non sex-sorted 

12 and 24 h 
Sex-sorted 
12 and 24 h 

Sex-sorted 
18 and 30 h 

Number of cows 17 18 19  
Total ova/embryos 8.0  3.2 7.1  3.3 9.0  3.8 0.14 
Transferable embryos  6.8  2.6a  2.4  1.8c  4.5  3.0b < 0.001 

Percentage of transferable embryosd  86.1  11.9a  37.3  26.7c  48.2  25.9b < 0.001 
Freezable embryos  6.0  2.4a  2.0  1.4c  3.7  2.8b < 0.001 

Percentage of freezable embryose  76.3  19.2a  31.8  24.5c  38.0  26.5b < 0.001 
Degenerate embryos 0.7  0.7 0.9  1.6 1.6  2.1 0.05 
Unfertilized oocytes  0.5  0.7a  3.7  3.6b  2.9  2.6b < 0.001 

a,b,cRows with different superscripts indicate P < 0.05; dPercentage of transferable embryos based on the number of 
ova/embryos recovered; ePercentage of freezable embryos based on the number of ova/embryos recovered. 
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Table 5. Embryo production (mean  SE) of superovulated Holstein (Bos taurus) cows timed artificial inseminated 
with sex-sorted and non sex-sorted sperm according to the insemination moment.  

 Treatments 
P 

 
Non sex-sorted 

12 and 24 h 
Sex-sorted 
12 and 24 h 

Sex-sorted 
18 and 30 h 

Number of cows 11 11 11  
Total Ova/embryos 10.4  3.4 11.3  4.4 12.4  3.8 0.40 
Transferable embryos    8.7  2.8a    4.6  3.0b     6.4  3.1ab 0.007 
Percentage of transferable embryosd    85.9  14.0a    40.7  21.3c    54.2  23.2b <0.001 
Freezable embryos    6.9  1.8a    3.2  1.8b     5.4  3.4ab 0.007 
Percentage of freezable embryose    69.9  16.8a   29.9  15.5c    45.3  26.6b <0.001 
Degenerate embryos  0.7  0.9  1.4  1.8   1.3  1.7 0.43 
Unfertilized oocytes   0.9  1.4a   5.2  3.1b    4.6  2.6b 0.0003 

a,b,cRows with different superscripts indicate P < 0.05; dPercentage of transferable embryos based on the number of 
ova/embryos recovered; ePercentage of freezable embryos based on the number of ova/embryos recovered. 

 
In another study performed by Baruselli et al. 

(2007), superstimulated Nelore cows were timed 
artificially inseminated using sex-sorted sperm (4.2 million 
of sperm per TAI) and non sex-sorted sperm (40 million 
of sperm per TAI) 12 and 24 h after the ovulation 

induction with GnRH. Donors inseminated with sex-sorted 
sperm showed lower number of transferable and 
freezable embryos, higher number of unfertilized 
embryos and reduced rate of transferable and freezable 
embryos (Table 6).  

 
Table 6. Embryo production (mean  SE) of superovulated Nelore (Bos indicus) cows timed artificial inseminated 
with sex-sorted or non sex-sorted sperm.  

  Non sex-sorted Sex-sorted 
 

P 
Number of cows 10 10  
Total structures 9.9  0.78 8.4  1.40 0.28 
Transferable embryos (Grades 1, 2 and 3) 6.8  0.66 4.2  0.74 0.03 
Freezable embryos (Grades 1 and 2) 5.9  0.71 3.5  0.65 0.03 
Unfertilized oocytes 1.5  0.48 3.7  0.88 0.01 
Degenerates 1.6  0.37 0.5  0.16 0.04 
Transferable embryos rate (%)        68.7  6.3        50.0  5.1 0.01 
Freezable embryos rate (%)        59.6  5.1        41.7  5.2 0.02 
 

The real practical sense in using this 
biotechnology is closely related to the generation of 
offspring in satisfactory quantities and costs. There are 
few studies that reported the pregnancy per ET (P/ET) 
in their results or that are designed to find this answer, 
possibly because of the difficulty in reaching large 
number of embryos in superovulation programs. Schenk 
et al. (2006) observed no difference in the pregnancy 
rate of embryos derived from sex-sorted or non sex-sorted 
sperm. However, in this study, the number of 

transferred embryos was small. In an experiment 
performed by Baruselli et al. (2007), part of the 
embryos were transferred immediately after collection 
(fresh) at fixed time into synchronized recipients (Table 7). 
Similar P/ET were observed at 30 and 60 days of 
gestation after transfer of embryos produced with sex-
sorted or non sex-sorted semen. After sexing by 
ultrasound, it was observed that sex-sorted semen 
resulted in 90.0% females and conventional semen 
resulted in 52.7% females. 

 
Table 7. Pregnancy rate at 30 and 60 days after embryo transfer from sex-sorted or non sex-sorted sperm and 
percentage of females at fetal sexing. 

 
 

Pregnancy 
30 days (%) 

Pregnancy 
60 days (%) 

Fetal sexing 
(% females) 

Non sex-sorted sperm 57.3 (39/68) 52.9 (36/68) 52.7 (19/36) 
Sex-sorted sperm 57.1 (24/42) 47.6 (20/42) 90.0 (18/20) 

 
Final considerations 

 
It is possible to obtain acceptable P/AI (~75-

80% to those obtained with non-sex sorted sperm) after 

AI upon estrus detection with sexed semen in cyclic 
heifers. The adjustment in the moment to perform the 
AI using sex-sorted sperm, closer to the expected 
moment of ovulation, improves reproductive outcome in
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terms of P/AI or embryo production per flushing. 
Nonetheless, despite the improvements achieved in the 
last decade, the major concern with the use of sex-sorted 
semen is related to low fertility and the dramatic 
individual variability in fertility among bulls undergoing 
sexing process. The commercial applicability of this 
technique depends on the establishment of a 
methodology that minimizes the sperm loss during the 
sex sorting process, with no deleterious influence on the 
fertilizing potential. Also, an increased resistance to the 
cryopreservation process would be desirable. 
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Abstract 
 

In cattle, proestrus begins with the initiation of 
luteolysis and ends with initiation of estrus and the 
GnRH/LH surge. This period is marked by a dramatic 
decrease in circulating progesterone (P4) that reaches a 
nadir by about 36-48 h in cows undergoing natural or 
prostaglandin F2α (PGF)-induced luteolysis. Inadequate 
luteolysis is a cause of reduced fertility particularly in 
timed AI programs with small elevations in circulating 
P4 reducing fertility. Increasing circulating estradiol 
(E2) during proestrus is dependent on presence, size, 
and function of the dominant follicle and this varies 
during natural proestrus, due to whether animals have 
two or three follicular waves, and during PGF-induced 
proestrus, according to stage of the follicular wave at 
time of PGF treatment. Inadequate circulating E2 can 
limit fertility and increase pregnancy loss in some 
specific circumstances such as in cows with low BCS 
and in cows during heat stress. Thus, studies to optimize 
the length of proestrus and the concentrations of E2 and 
P4 during proestrus could produce substantial 
improvements in fertility and reductions in pregnancy 
loss. 
 
Keywords: dairy cows, estradiol, fertility, luteolysis, 
proestrus, progesterone. 
 

Introduction 
 

Although the term “proestrus” will be used 
throughout this text, it is a term that is clearly more 
appropriate for describing the day before estrus in the 
rat (Long and Evans, 1922). Rodents have cycles that 
are regulated closely by the light-dark cycle as well as 
by circulating hormonal concentrations (Chappell, 
2005). Reference to the four stages of the estrous cycle 
(proestrus, estrus, metestrus, and diestrus) of the rat is 
logical based on the normal 4-5 day cycle of the rat and 
the close link between time of day and events in the 
estrous cycle (Gay et al., 1970; Nequin et al., 1979). 
Nevertheless, for purposes of this review the term 
proestrus will be defined as the time from the beginning 
of the P4 decline, using various definitions, until the 
onset of estrus (Lamond et al., 1971, Chenault et al., 

1975). The length of proestrus and the hormonal 
patterns can vary by breed of cattle and by lactation 
status of cows (Lamond et al., 1971; Sartori et al., 2002, 
2004; Sartori and Barros, 2011). The two key hormonal 
features of proestrus in cattle are: 1) Decreasing 
circulating P4 associated with regression of the corpus 
luteum (CL), and 2) Increasing circulating E2 associated 
with the final stages of growth of the dominant follicle. 
This review will focus on the proestrous patterns of 
these hormones during natural estrous cycles as well as 
during programs for synchronization of ovulation. A 
review will also be provided on the potential effects of 
differing hormonal patterns during proestrus on 
subsequent fertility in lactating dairy cows.  
 

Decreasing progesterone concentrations 
 
Natural luteolysis 
 

The onset of proestrus is marked by the onset 
of luteolysis. In ruminant, the uterus is responsible for 
initiation of luteolysis. This was first demonstrated by 
removal of the uterus (or sham operation) and 
determination of the prolonged life span of the CL in 
animals with complete removal of the uterus (Wiltbank 
and Casida, 1956). Use of hemi-hysterectomized cows 
and surgical anastomoses of uterine and ovarian blood 
vessels definitively demonstrated that the uterine 
luteolytic factor acted in a local and not a systemic 
manner (Moor and Rowson, 1966; Ginther et al., 1973; 
Del Campo and Ginther, 1974; Mapletoft et al., 1976). 
The luteolytic factor derived from the uterus was shown 
to be prostaglandin F2α (PGF) through multiple types of 
research involving many different laboratories 
(McCracken et al., 1981, 1999; Knickerbocker et al., 
1988).  

In many species, including the cow, luteolysis 
is due to multiple pulses of PGF released by the non-
pregnant uterus (McCracken et al., 1999, Niswender et 
al., 2000, Schams and Berisha, 2004). There is substantial 
variability in the frequency and amplitude of PGF pulses 
associated with ruminant luteolysis but typically there 
are four to eight discrete pulses that occur at 6-14 h 
intervals (Kindahl et al.; 1976, Silvia et al., 1991; Mann 
and Lamming, 2006). For example, in heifers evaluated
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 at hourly intervals during the 7 days around luteolysis 
there was complete luteolysis, as defined by a decrease 
to basal P4, after four distinct PGF pulses that occurred 
during ~30 h (Kindahl et al., 1976; Mann and Lamming, 
2006). 

At the start of proestrus, a series of hormonal 
events and cellular changes in the endometrial cells 
result in secretion of distinct pulses of uterine PGF. 
Current models of the mechanisms regulating initiation 
of these PGF pulses in ruminants contain critical roles 
for changes in expression of endometrial receptors for 
E2, P4 and oxytocin (Silvia et al., 1991). In these 
models, oxytocin receptor and estrogen receptor 
expression are suppressed during the early and mid-
luteal phases by the presence of uterine P4 receptors 
(Wathes and Hamon, 1993; Ivell et al., 2000). A 
decrease in P4 receptor in the late luteal phase leads to 
increased estrogen receptor (ESR1) in the uterus (Meyer 
et al., 1988). Subsequently, activation of estrogen 
receptor by circulating E2 stimulates synthesis of 
endometrial oxytocin receptors with subsequent pulses 
of oxytocin from the posterior pituitary gland inducing 
secretion of pulses of PGF from the uterus (Silvia et al., 
1991, Mann et al., 2001). In cattle, the initial rise in 
oxytocin receptors preceding luteolysis occurs 15-16 
days after estrus (Robinson et al., 1999). In this regard, 
uterine venous PGF first increases 15-16 days after 
estrus in cows (Thatcher et al., 2001) with increases in 
circulating concentrations of the PGF metabolite, 13,14-
Dihydro-15-keto-PGF2α (PGFM), generally used as a 
monitor for uterine PGF secretion (Ginther et al., 2007). 

Induction of luteolysis with exogenous PGF 
can occur at any stage of the follicular wave, including 
early in a follicular wave when the subsequent ovulatory 
follicle is at a very small size. In contrast, the natural 
luteolytic cascade generally occurs in the presence of a 
dominant follicle due to the key role of activation of the 
estrogen receptor by E2 from the dominant follicle in 
this cascade. Indeed, ablation of the dominant follicle 
(Araújo et al., 2009) or treatment with steroid-depleted 
follicular fluid (Salfen et al., 1999) decreased 
circulating E2 and delayed the timing of both structural 
and functional luteolysis. Treatment with E2 in cows 
with delayed luteolysis due to follicular aspiration 
(Araújo et al., 2009) or in cows expected to have three 
follicular waves (Salfen et al., 1999), led to earlier 
luteolysis. Thus, there is synchronization of luteolysis 
with the presence of a dominant follicle (Araújo et al., 
2009). This is due to the requirement for two 
independent events in the process of luteolysis. First, 
there must be E2 responsiveness in the uterus and 
second, there must be sufficient concentrations of E2 to 
activate a uterine E2 response. The timing of luteolysis, 
related to presence of a dominant follicle, primarily 
explains the longer estrous cycle in heifers with three 
waves compared to heifers with two waves (Ginther et 

al., 1989). The day of luteolysis was 17.4 in heifers with 
two waves compared to 19.1 for heifers with three 
waves (Sartori et al., 2004). 

Figure 1 shows the difference between heifers 
and cows in the decrease in luteal tissue volume and 
circulating P4 in the natural proestrous period (Sartori et 
al., 2004). The luteal tissue volume is greater in 
lactating cows than heifers due to ovulation during the 
previous cycle of a larger follicle (r = 0.67 for 
relationship between ovulatory volume and subsequent 
luteal volume on day 7) in lactating cows (Sartori et al., 
2002). The difference was not due to a greater double 
ovulation rate in lactating cows because a comparison of 
maximal luteal tissue volume in females with only one 
CL was also different (heifers = 7,303 ± 308 vs. 
lactating cows = 11,248 ± 776; P < 0.0001). The luteal 
tissue volume begins to decrease on the day following 
the day designated as the beginning of luteolysis, 
defined as the day before P4 concentrations declined by 
50%. The luteal tissue volume declined rapidly to ~30% 
of original volume by 3 days after the onset of 
luteolysis. In contrast, the serum P4 was greater in 
heifers than lactating cows prior to luteolysis (Fig. 1B). 
The decline in circulating P4 was extremely rapid after 
the onset of luteolysis with concentrations less than 10% 
of preluteolysis values within 2 days (Sartori et al., 
2004). Thus, the decline in circulating P4 during natural 
proestrus is rapid and generally synchronized to the 
presence of a dominant follicle. 
 
Luteolysis induced by exogenous PGF 

 
The discovery of PGF as the luteolysin in 

ruminants (Baird et al., 1976; Knickerbocker et al., 
1988) allowed the commercial introduction of PGF for 
induction of CL regression in cattle (Lauderdale, 2009). 
Most protocols for synchronization of estrus or 
ovulation include at least one treatment with PGF to 
induce luteolysis. Early studies demonstrated that 
treatment with PGF was only effective when given at 
least 6 days after estrus (Rowson et al., 1972; 
Lauderdale et al., 1973; Louis et al., 1973; Lauderdale, 
1974, 2009). A good deal of research has evaluated the 
differences in the CL that result in lack of luteolysis in 
early CL and complete luteolysis in the later CL (Tsai et 
al., 1997; Tsai and Wiltbank, 1998; Diaz et al., 2011, 
2013; Mondal et al., 2011). It is clear that there are 
receptors for PGF present in the early CL (Wiltbank et 
al., 1995; Anderson et al., 2001) and that some PGF-
induced responses occur, however, complete activation 
of the luteolytic cascade does not occur in the early CL 
(Wiltbank and Ottobre, 2003). Treatment of the day 5 CL, 
even with a double dose of PGF (Santos et al., 2010; 
Ribeiro et al., 2012), does not cause complete luteolysis, 
although a dramatic decrease in circulating P4 does occur 
even in the early CL (Nascimento et al., 2014). 
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Figure 1. A. Luteal tissue volume and B. Serum P4 concentrations normalized to time of luteolysis in heifers 
(n = 27) and lactating cows (n = 14). Differences between heifers and cows at each time are shown. From: Sartori et 
al., 2004. 
 

There are two forms of PGF that are available 
commercially for induction of luteolysis, dinoprost or 
cloprostenol. There are a substantial percentage of cows 
that do not have complete luteolysis in response to 
either product, as will be discussed below. If only cows 
with complete luteolysis are considered in the analysis, 
the two products showed slight but significant 
differences in timing of luteolysis with differences 
between the two products in P4 concentrations at 3, 4, 8, 
9, and 14 h after treatment (Martins et al., 2011b). 

Overall there were differences between the two products 
at 0-12 h after treatment but not from 12-24 h, 24-48 h, 
or 48-90 h after PGF treatment. Mean time from 
treatment to complete luteolysis varied between animals 
from 18 to 40 h after treatment but was not different 
between treatment with dinoprost (29.4 + 1.7 h) and 
cloprostenol (29.1 + 1.1 h).  

Of particular importance to discussion of 
proestrus, cows administered PGF on different days of 
the estrous cycle have surprisingly variable times to
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estrus and ovulation (Momont and Sequin, 1984; 
Wiltbank and Pursley, 2014). For example cows treated 
with PGF on day 7 of the cycle had shorter time and 
greater synchrony than cows administered PGF at day 
10 of the cycle (Momont and Sequin, 1984). This is due 
to size and functional state of the dominant follicle at 
the time of PGF treatment. For example, time to 
ovulation after PGF treatment was highly related to size 
of the pre-ovulatory follicle at the time of the PGF 
treatment (R2 = -0.855; Wiltbank and Pursley, 2014). 
Thus, variability in time to estrus after treatment with 
PGF is primarily related to size of the future ovulatory 
follicle at the time of PGF treatment, rather than the 
timing of the decrease in P4, or the nature of the PGF 
product used to induce luteolysis. 

Figure 2 shows the pattern of circulating P4 
after treatment with cloprostenol or dinoprost. For these 
studies all cows were presynchronized by using PGF at 
a random stage of the estrous cycle followed 2 days 
later by GnRH treatment and then 6 days later cows 
were given another GnRH treatment, followed 7 days 

later by PGF and then cows were monitored for estrus, 
ovulation, and circulating hormone concentrations 
(Martins et al., 2011b). In this model all cows had two 
CL at the time of PGF administration, a day 7 and a day 
13 CL and only cows that had complete luteolysis were 
included in the analysis. There was an initial 40% 
decline in P4 during the first hour after PGF, followed 
by a distinctive rebound in circulating P4 during the 
next 2 h. This is followed by another decrease until 5 h 
after PGF with a subsequent rebound that was slightly 
but significantly more prolonged when dinoprost was 
utilized rather than cloprostenol. Finally, starting at 6 h 
after treatment with cloprostenol or 8 h after treatment 
with dinoprost there is a final decline in P4 until basal 
concentrations are reached by 36 h after PGF for both 
products. Thus, initiation of the proestrus by treatment 
with PGF does not result in a linear decline in 
circulating P4 but produces a very distinct pattern of 
decreases and rebounds in circulating P4 that eventually 
results in basal P4 concentrations by 36 h after PGF 
treatment. 

 

 
Figure 2. Mean (± SEM) serum P4 concentrations (ng/mL) from -24 to 90 h following treatment with cloprostenol 
sodium (n = 13) or dinoprost tromethamine (n = 14) in lactating dairy cows. Cows had at least one day 7 CL and one 
day 13 CL that had undergone complete luteolysis by 56 h after PGF2α and ovulated following a LH surge by 144 h 
after treatment (27/35). Rate of decrease during this 1st 12 h period was different between treatments (P = 0.025), 
but not different from 12 to 90 h (P = 0.12) after treatment. From: Martins et al., 2011a. 
 
Fertility consequences of inadequate decrease in 
circulating P4 

 
Lack of complete regression of the CL during 

the proestrus period has been frequently reported (Souza 
et al., 2007; Brusveen et al., 2009; Santos et al., 2010; 
Martins et al., 2011a; Giordano et al., 2012). In these 
studies, cows with a small elevation in circulating P4 
near AI, due to lack of complete CL regression, have 
greatly reduced fertility. This was particularly important 
in cows treated with the 5-day Ovsynch protocol 
(Santos et al., 2010; Ribeiro et al., 2012). Fertility was 
reduced if only a single PGF was given (Santos et al., 

2010) or if two PGF treatments were given on the same 
day (5 days after GnRH) compared to giving one 
treatment on day 5 and a second on day 6 (Ribeiro et al., 
2012). In addition, studies on cows that receive AI after 
detection of estrus, have generally reported that minor 
elevations in P4 near AI are also detrimental to fertility 
(De Silva et al., 1981; Waldmann et al., 2001; Ghanem 
et al., 2006), although some studies did not obtain this 
result (Erb et al., 1976; Plym Forshell et al., 1991). 
During Ovsynch, the percentage of cows that do not 
have complete regression following the PGF treatment 
before timed AI has been reported to range from 5-30% 
(Moreira et al., 2000; Gumen et al., 2003; Souza et al.,
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2007; Brusveen et al., 2009; Martins et al., 2011a; 
Giordano et al., 2013). A recent extensive study of 
incomplete luteolysis evaluated multiple blood samples 
in cows at first postpartum AI (n = 652) and second or 
greater AI (n = 394; Martins et al., 2011a). They 
defined complete luteolysis and low P4 (<0.5 ng/mL) at 
56, 72, and 96 h after PGF. At first AI, 80% of cows 
underwent complete luteolysis, whereas at second+ AI 
only 71% underwent complete luteolysis. Surprisingly, 
greater P4 concentrations at the time of PGF were 
associated with greater probability of luteolysis after 
PGF treatment and greater fertility (50 vs. 28%). 
Another study from our research group (Wiltbank et al., 
2014) evaluated fertility and P4 concentration near the 
time of AI and reported a dramatic decrease in P/AI as 
P4 increased above 0.4 ng/mL near the time of the 
second GnRH of Ovsynch (16 h before AI). Thus, slight 
elevations in circulating P4 near AI result in dramatic 
decreases in fertility to the AI. This decrease was 
observed even when only cows that ovulated to the 
second GnRH were evaluated for fertility. The decrease 
that we observed was similar to the decrease described 
in the pioneering study of De Silva et al. (De Silva et 
al., 1981) using visual detection of estrus in lactating 
cows and heifers. 

At times parity effects have been reported. For 
example, a lower percentage of multiparous (83.9%) 
than primiparous (89.7%) cows had complete CL 
regression after treatment with 500 µg cloprostenol in 
one study (Giordano et al., 2012). Other studies have 
also reported lower rates of luteal regression in 
multiparous than in primiparous lactating dairy cows 
(Martins et al., 2011a). In contrast, other studies from 
our laboratory using dinoprost did not observe an effect 
of parity on percentage of cows with complete CL 
regression (Souza et al., 2005b; Brusveen et al., 2009; 
Wiltbank et al., 2014). It is unclear whether differences 
between products in parity effects can be repeated in 
direct comparison studies. In addition, the reasons for 
the parity effects have not yet been determined. 

Two methods have been used to increase 
regression of the CL during timed AI protocols: 
increasing the dose of PGF or increasing the number of 
PGF treatments. During the Ovsynch protocol, an 
increased percentage of cows with complete CL 
regression (<0.4 ng/mL 56 h after PGF) was observed 
after two (day 7 and 8; 326/341 = 95.6%) compared to 
one (day 7; 301/356 = 84.6%) PGF treatment (Brusveen 
et al., 2009). In a recent study from our laboratory 
(Giordano et al., 2013), increasing the dose of 
cloprostenol from 500 µg to 750 µg on day 7 of a 7 day 
Ovsynch protocol, increased CL regression in 
multiparous (122/154 = 79.2% vs. 135/154 = 87.7%; 
P = 0.025) but not primiparous (131/146 = 89.7% vs. 
129/139 = 92.8%; P = 0.181) cows. Improved fertility 
(P = 0.05) was observed at the 39 day pregnancy 
diagnosis with the 750 (247/544 = 45.4%) compared to 
the 500 (221/540 = 40.9%) µg dose of cloprostenol 

(Giordano et al., 2013). It has been speculated that the 
reduction in fertility may be due to changes in gamete 
transport leading to lack of fertilization, however this 
has not been definitively tested at this time. 

In synchronized ovulation programs using E2 
and P4, as used in Brazil, it is also critical to attain low 
concentrations of P4 near the time of AI (Pereira et al., 
2013b). In this study, cows with P4 concentrations 
above 0.1 ng/mL near the time of AI had reduced 
fertility (Pereira et al., 2013b). Part of the reason for 
reduced fertility was due to a lack of ovulation in 
response to the estradiol cypionate (ECP) treatment that 
was used for induction of ovulation. Thus, in Ovsynch 
protocols, in E2/P4 protocols, and during natural estrus, 
a small elevation in P4 near AI can reduce fertility. 
Treatment with an increased dose of PGF or increased 
number of PGF treatments can alleviate or reduce this 
problem.  
 

Increasing estradiol concentrations 
 
Natural E2 increase 

 
Figure 3 shows the follicle growth patterns and 

concentrations of E2 during a natural proestrus in 
heifers with two or three follicular waves and in 
lactating cows with two follicular waves (Sartori et al., 
2004). It is clear that in either heifers or cows with two 
follicular waves the dominant follicle has been selected 
well before the time of luteolysis. In contrast in heifers 
with 3 follicular waves, selection of the dominant 
follicle is occurring very close to the time of luteolysis. 
It should be remembered that the timing of luteolysis 
differs in these three groups with the earliest initiation of 
luteolysis in two-wave heifers (17.4 ± 0.3 days), slightly 
delayed in two-wave lactating cows (18.1 ± 0.5 days), and 
the latest initiation of luteolysis in three-wave heifers 
(19.1 ± 0.6 days). It is likely in three-wave heifers that 
the uterus has already attained E2 responsiveness but that the 
initiation of the new follicular wave delayed the timing of 
sufficient E2 increase to initiate luteolysis (Araújo et al., 
2009). The smaller size of the follicle at the time of natural 
luteolysis causes a longer time from initiation of luteolyis to 
ovulation in three-wave (5.0 ± 0.2 days) than two-wave 
(4.3 ± 0.1 days) heifers.  

The circulating E2 concentrations during 
proestrus are shown in Fig. 3D for the heifers and cows. 
All animals had increased E2 at the time of initiation of 
luteolysis with E2 rising most rapidly (percentage-wise) 
between day -1 and 0 for three-wave heifers. The two-
wave heifers attained peak E2 by 2 days after initiation 
of luteolysis followed by a decline, probably due to 
initiation of estrus and the LH surge in some heifers in 
this group. Heifers with three waves had a rapid 
increase in circulating E2 between 2 and 3 days after 
luteolysis as the follicle attained preovulatory size and 
increased E2 production. The lactating cows had lower 
circulating E2 concentrations, in spite of a larger
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follicle, probably due to greater E2 metabolism in 
lactating cows (Sangsritavong et al., 2002; Wiltbank et 
al., 2006). The peak E2 concentrations have previously 
been related to level of milk production (Lopez et al., 
2004, 2005), with reduced peak circulating E2 
concentrations in cows with greater milk production in 

spite of having greater follicular volume for production 
of E2. Thus, the length of the proestrous period and the 
circulating E2 concentrations during this period can 
vary by whether animals have two or three follicular 
waves and are related to level of milk production in 
naturally ovulating cows.  

 

Figure 3. Size of the single dominant and largest subordinate follicle normalized to the time of luteolysis in: A) 
Heifers with three follicular waves (n = 8), B) Heifers with two follicular waves (n = 15), and C) Lactating cows 
with two follicular waves (n = 9). D) Serum E2 concentration normalized to time of luteolyis in the three groups. 
From: Sartori et al., 2004. 
 
Increase in E2 using programs that synchronize 
ovulation 

 
As discussed above, in cows that are treated 

with exogenous PGF the future ovulatory follicle may 
be at any stage of the follicular wave and this is a key 
determinant of time to estrus and ovulation after PGF. 
Obviously this would also impact the pattern and 
concentrations of circulating E2 during a PGF-induced 
proestrus. Circulating E2 was measured in the same 
experiment discussed above (Martins et al., 2011b). 
Circulating E2 increased from ~0.75 pg/mL at time 0 to 

~2 pg/mL by 24 h after PGF treatment. Circulating E2 
continued to increase from 24 to 60 h after PGF with a 
distinctive decrease after 72 h. Thus, the pattern of 
circulating E2 after PGF treatment is very predictable 
with increasing E2 until peak E2 is attained and a 
GnRH/LH surge is induced. This is then followed by 
decreasing E2 that reaches basal concentrations by 9 h 
after either a GnRH-induced LH surge or a natural 
GnRH/LH surge (Haughian et al., 2013). 

Thus, the pattern of circulating E2 during a 
PGF-induced proestrus involves many of the same 
factors that regulate E2 concentrations during a natural
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proestrus. First, the size of the follicle changes 
circulating E2 due to increased follicular E2 production 
and there can be more variation in follicular size at the 
start of a PGF-induced proestrus than a natural 
proestrus. Second, the high dry matter intake and liver 
blood flow associated with high milk production causes 
greatly increased E2 metabolism and therefore will 
decrease circulating E2. Third, the timing of the 
GnRH/LH surge will determine the end of the proestrus. 
During natural proestrus, this timing is determined by 
the timing of attainment of basal P4 and reaching high 
circulating E2 concentrations for a sufficient duration to 
induce the GnRH/LH surge. In timed AI protocols that 
use GnRH to synchronize ovulation, duration and 
magnitude of circulating E2 can be lower than during 
natural proestrus because the GnRH treatment may 
induce the LH surge and ovulation earlier than would 
have occurred naturally. In timed AI protocols that 
synchronize ovulation with E2 treatments the pattern of 
circulating E2 can be dramatically different based on the 
timing of E2 treatment and the type of E2 product 
utilized.  

A previous study from our laboratory (Souza et 
al., 2005a) evaluated the pattern of E2 concentrations 
following treatment with 1 mg of native E2-17β, 
estradiol benzoate (EB), or ECP in lactating cows with 
all follicles aspirated to eliminate endogenous E2 
production. As shown in Fig. 4, the control cows 
remained at about 1 pg/mL or less throughout the 
experimental period. Treatment with native E2 

produced a rapid increase in circulating E2 with peak 
concentrations observed at the earliest time that was 
evaluated (4 h). It is likely that even greater E2 
concentrations were produced at an earlier time but no 
earlier measurements were taken. Circulating E2 then 
declined with basal E2 concentrations attained by 28 h. 
Treatment with EB reached peak concentrations by 8 h. 
This was followed by a plateau in circulating E2 at ~6 
pg/mL from 12 to 28 h after EB with a decrease to ~4 
pg/mL from 32 to 40 h and returning to basal 
concentrations by 44 h after EB treatment. Thus, 
treatment with EB reached peak circulating E2 later 
than treatment with native E2 with a more prolonged 
plateau after treatment that reaches basal E2 by 2 days 
after EB treatment. Treatment with 0.5 mg of EB 
produced a similar pattern but with circulating E2 
concentrations of ~50% of those observed after treatment 
with 1 mg EB (data not shown; Souza et al., 2005a). 
Treatment with ECP produced a very distinct pattern with 
little increase in circulating E2 until about 28 h after ECP 
treatment with peak concentrations less than 4 pg/mL and 
then a decline back to basal E2 concentrations by 44 h 
after treatment. These patterns were done in the absence 
of dominant follicles. In commercial situations, these 
patterns of E2 produced by the E2 treatment would be 
combined with the endogenous E2 production by 
follicles of differing sizes to produce the proestrus 
circulating E2 pattern that would be observed during the 
proestrus induced by a timed AI program that uses E2 
treatments to synchronize ovulation.  

 

 
Figure 4. Mean serum E2 concentrations (ng/mL) in cows in the absence of follicle >5 mm for control (dark circle; n = 3), 
or after treatment with 1 mg E2-17β (dark triangle; n = 3), 1 mg estradiol benzote (EB; open circle; n = 3), or 1 mg of 
estradiol cypionate (ECP; open triangle; n = 3). Hour 0 is estrogen treatment. From: Souza et al., 2005a. 
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Fertility consequences of inadequate increase in E2 
 
As would be expected, reducing the size of the 

ovulatory follicle at the time of PGF dramatically alters 
the pattern of hormone secretion during a PGF-induced 
proestrus. Cows that were treated with an Ovsynch 
protocol (GnRH-7d-PGF-2d-GnRH-1d-AI) had the 
largest follicle aspirated 3 or 4 days after the initial 
GnRH treatment (4 or 3 days before PGF treatment). As 
expected this reduced the size of the future ovulatory 
follicle at time of PGF (8.7 vs. 12.5 mm diameter) and at 
time of second GnRH (11.5 vs. 14.5 mm). Circulating E2 
was also reduced at time of second GnRH in aspirated 
compared to non-aspirated cows (2.5 vs. 5.7 pg/mL). 
Thus, this protocol dramatically changed proestrus by 
inducing a smaller follicle at time of PGF and ovulating 
this follicle prematurely with a second GnRH. As would 
be expected, ovulation of a smaller follicle produced a 
much smaller CL in aspirated than non-aspirated cows 
(2,862 vs. 5,363 mm3 on day 7; 4,652 vs. 6,526 mm3 on 
day 14). The fertility was also dramatically changed by 
the alteration in proestrus produced by aspiration of the 
follicle. The pregnancies per AI (P/AI) were only 10.3% 
(3/29) for the cows that had follicle aspiration compared 
to 43.5% (10/23) for the non-aspirated cows 
(Vasconcelos et al., 2001). Since, fewer of the cows had 
synchronized ovulation in the aspirated (72.4%) than the 
non-aspirated (91.3%) group, the P/AI was calculated 
for only the synchronized cows and the difference in 
fertility persisted (14.3% vs. 47.6%). Thus, altering the 
pattern of E2 during the proestrus by reducing the size 
of the ovulatory follicle produced a dramatic reduction 
in fertility. This could be due to the increase in 
percentage of cows with short luteal phases (14.3% vs. 
0%) or reduced P4 concentrations after AI. No studies 
have differentiated the underlying mechanisms that 
produce this dramatic reduction in fertility. We 
speculate that the inadequate circulating E2 during 
proestrus may have a major role in the fertility 
reduction.  

Programs that synchronize ovulation using 
GnRH clearly have reduced peak circulating E2 as the 
final GnRH is given at same time as estrus or prior to 
estrus. We evaluated whether E2 was limiting to fertility 
in lactating dairy cows receiving the Ovsynch protocol. 
A total of 952 high-producing dairy cows were 
randomized to receive either the Ovsynch protocol 
(GnRH-7d-PGF-56h-GnRH-16h-Timed AI) or the 
Ovsynch protocol supplemented with E2 (1 mg native 
E2-17β at 48 h after PGF; GnRH-7d-PGF-48h-E2-8h-
GnRH-16h-Timed AI). Treatment increased expression 
of estrus from 44.4% in Ovsynch to 80.2% in 
Ovsynch+E2. However, there was no overall 
improvement in P/AI with E2 supplementation 
(Ovsynch = 39.4% [161/409]; Ovsynch+E2 = 42.4% 
[188/443]). The largest effect of E2 supplementation 
was in cows with lower BCS (≤2.5). In cows treated 
with only Ovsynch, the ones with lower BCS had lower 

P/AI (28.1%) than those with higher BCS (43.7%); 
however, in cows treated with Ovsynch+E2, cows with 
lower (40.0%) or higher (43.9%) BCS had similar P/AI. 
Thus, E2 supplementation increased fertility in cows 
with low BCS suggesting that in these cows circulating 
E2 during proestrus may be limiting to fertility. These 
cows may have insufficient energy intake and 
therefore inadequate follicle growth and E2 
production due to low numbers of LH pulses 
(Wiltbank et al., 2002). Interestingly, expression of 
estrus was not associated with P/AI in cows treated only 
with Ovsynch (Estrus = 45.1% vs. No estrus = 40.5%) but 
was strongly associated with fertility in cows treated with 
Ovsynch+E2 (Estrus = 53.7% vs. No estrus = 22.8%). 

In a second study (Brusveen et al., 2009), we 
evaluated a similar concept but supplemented the E2 
(0.5 mg E2-17β) at the same time as the second GnRH 
of Ovsynch (~8 h later than in the previous study). This 
was done for ease of providing the supplemental E2. 
Again, treatment with E2 increased expression of estrus 
(Ovsynch = 37.2% vs. Ovsynch+E2 = 87.7%). 
However, in this study, supplementation tended to 
decrease P/AI in cows that were synchronized by the 
protocol (Ovsynch = 54.4% [136/250] vs. Ovsynch+E2 
= 46.6% [123/264]; P = 0.10). It should be asked why 
supplemental E2 was somewhat positive in at least a 
subgroup of cows in the first study but tended to be 
negative to fertility in the second study. We postulate 
that this is due to the timing of E2 supplementation. In 
the first study supplementation at 48 h would lead to the 
E2 peak at the time of GnRH treatment with decreasing 
E2 by the time of AI. However, in study 2 
supplementation at GnRH treatment would lead to an 
E2 peak about 8 h after GnRH and continuing high E2 
near the time of AI. No study has directly tested this 
hypothesis by altering the timing of E2 treatment in a 
GnRH-based protocol. 

In Brazil and many other countries, ovulation is 
synchronized for timed AI using E2/P4-based protocols 
with final ovulation synchronized using ECP or EB at 
the end of the protocol (Baruselli et al., 2012). One 
study compared GnRH and ECP for stimulating 
ovulation at the end of an E2/P4 protocol (Souza et al., 
2009). This study used a 2X2 factorial design with cows 
also treated with or without equine chorionic 
gonadotropin (eCG). In cows with ovulation induced by 
GnRH, the eCG treatment increased P/AI (GnRH-No 
eCG = 28.9% [56/194] vs. GnRH+eCG = 33.8% 
[67/198]; P < 0.05) but not in cows with ovulation 
induced by ECP (ECP-No eCG = 30.9% [60/194] vs. 
ECP+eCG = 29.1% [57/196]). This was particularly 
apparent in cows with low BCS (GnRH = 6.1%; 
GnRH+eCG = 44.4%; ECP = 21.7%; ECP+eCG = 
32.6%). Thus, cows may need supplementation with E2 
and/or eCG when they have low BCS and therefore the 
final stages of follicle growth and circulating E2 are 
limiting to fertility. 

One study evaluated the role of E2
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supplementation during the proestrus on fertility in 
lactating dairy cows in Brazil during the summer 
(Pereira et al., 2013a). Lactating dairy cows (n = 1,190) 
received either a 5 day CoSynch protocol (GnRH/CIDR 
inserted-5d-PGF/CIDR removed-1d-PGF-2d-GnRH+AI) 
or an E2/P4 protocol (EB/CIDR inserted-7d-PGF-1d-
ECP/CIDR removed-2d-AI). The GnRH-based protocol 
(5 day CoSynch) produced better synchronization (78.2 
vs. 70.7%; P = 0.02) and had poorer fertility in all cows 
(16.7 vs. 20.7%; P = 0.07) and in synchronized cows 
(17.7 vs. 25.6%; P = 0.03). Much of the problem with 
the GnRH-based protocol was that it had greater 
pregnancy loss (21.7%) than the E2-based protocol 
(6.7%). The fertility and pregnancy loss differences 
between the GnRH-based and E2-based protocols were 
only observed in cows that had heat stress (body 
temperature above 39.10C) and not in cows without heat 
stress. In this study, increasing follicle size always 
produced increases in fertility and decreases in 
pregnancy loss in cows treated with the GnRH protocol 
but this relationship was not observed in cows treated 
with E2. It seems likely that cows under heat stress have 
reduced follicle growth and E2 may become limiting for 
fertility and pregnancy maintenance. Obviously, there 
are numerous other factors such as fertilization and 
embryo death that are also major problems for fertility 
in cows under heat stress (Hackbart et al., 2010; 
Hansen, 2013; Sakatani et al., 2013). 

In conclusion, circulating E2 during the 
proestrus period may be limiting for fertility in lactating 
dairy cows in some situations. If a GnRH-based 
protocol causes ovulation of a smaller follicle, then E2 
is likely to be limiting for fertility. In cows with low 
BCS, follicle growth and circulating E2 are reduced and 
either stimulators of follicle growth like eCG or 
treatment with E2 can improve fertility. During heat 
stress, follicle growth and circulating E2 may be 
limiting for fertility but the studies to analyze these 
effects must be very large because of the numerous 
other effects of heat stress on fertility that are likely to 
be independent of circulating E2. 

 
Conclusions 

 
In cattle, proestrus begins with the initiation of 

luteolysis and ends with initiation of estrus and the 
GnRH/LH surge. This period is marked by a dramatic 
decrease in circulating P4 that reaches a nadir by about 
36-48 h in cows undergoing natural or PGF-induced 
luteolysis. Inadequate luteolysis is a cause of reduced 
fertility particularly in timed AI programs with small 
elevations in circulating P4 reducing fertility. Increasing 
circulating E2 during proestrus is dependent on 
presence, size, and function of the dominant follicle and 
this varies during natural proestrus, due to whether 
animals have two or three follicular waves, and during 
PGF-induced proestrus, according to stage of the 
follicular wave at time of PGF treatment. Inadequate 

circulating E2 can limit fertility and increase pregnancy 
loss in some specific circumstances such as in cows 
with low BCS and in cows during heat stress. Thus, 
studies to optimize the length and hormonal 
concentrations during proestrus could produce 
substantial improvements in fertility and reductions in 
pregnancy loss.  
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Abstract 
 

Pregnancy is an immunological paradox 
created by the hospitable interaction between the 
maternal immune system and the allogeneic conceptus 
in the gravid uterus. The mother is not immune-
suppressed during early pregnancy, nor is the conceptus 
immune-privileged, shielding itself from maternal 
immune detection by an immunologically inert placenta. 
Rather, what is becoming clear is that the conceptus and 
other endocrine mediators, including progesterone, 
actively shape the maternal immune response during 
early pregnancy to facilitate growth and development of 
a functioning placenta. In this regard, conceptual 
thinking derived from immune cell – pathogen 
interactions inadequately describe the unique 
homeorhetic mechanisms mediating early conceptus-
maternal interactions. Nonetheless, evidence is 
mounting that conceptus signals induce a tolerogenic 
(Th2) bias in immune cell function at the fetal-maternal 
interface. This is accompanied by tissue remodeling and 
angiogenesis facilitated by tissue-resident immune cells 
that sets the trajectory for placental growth and, 
ultimately, fetal growth. Perturbations in these 
interactions, including systemic inflammation and 
various stressors at the earliest stages of pregnancy can 
interfere with communication between the conceptus 
and uterus, reducing conception rates and resulting in 
poor pregnancy outcomes.  
 
Keywords: conceptus, fertility, immune, pregnancy, 
uterus. 
 

Introduction 
 

In eutherians, the conceptus must initiate a 
biochemical dialogue with the mother to establish 
pregnancy. In ruminants, this dialogue may differ from 
that in species in which the conceptus is more invasive. 
Conceptus signaling in ruminants occurs shortly after it 
enters the uterus (day 4-5 after fertilization) and 
following hatching from the zona pellucida (day 8-9). 
The observation that embryos successfully establish 
when transferred into cyclic cattle as late as 15-16 days 
after estrus (day 0), but no later, clearly defines when 
maternal responses to conceptus signaling must be 

initiated (Betteridge et al., 1980). The conceptus has 
several major “hurdles” to overcome during the peri-
implantation period. Among these, the conceptus must 
block luteolysis to ensure continued progesterone 
production by the corpus luteum (CL), which maintains 
endometrial secretory activity and a quiescent uterine 
environment. Interferon tau (IFNT) produced by the 
conceptus alters endometrial prostaglandin production 
and maintains luteal function (Bazer et al., 2009). The 
two remaining challenges for the conceptus are: 1) 
avoiding attack by maternal immune cells, and 2) 
inducing endometrial remodeling and angiogenesis to 
support formation of the epitheliochorial placenta. The 
conceptus does so, in part, by inducing redistribution of 
maternal immune cells, and altering their function to 
ensure the appropriate maternal response to conceptus 
alloantigens. The conceptus accomplishes this on a 
background of elevated circulating concentrations of 
progesterone. Conceptus-induced alterations in immune 
function also extend to peripheral blood immune cells 
(PBL) during the very earliest stages of pregnancy 
recognition (Yankey et al., 2001; Han et al., 2006; Gifford 
et al., 2007, 2008; Stevenson et al., 2007; Green et al., 
2010; Ott and Gifford, 2010; Ribeiro et al., 2014). Clearly, 
however, much is yet to be learned about the maternal 
immune response to conceptus signaling. 
 

Medawar’s dilemma 
 

Over 50 years ago Sir Peter Medawar proposed three 
mechanisms whereby the allogeneic conceptus evades 
attack from the maternal immune system: (1) the 
gestating mother is immunosuppressed, (2) the 
conceptus is immunologically inert (e.g. does not 
express histocompatability antigens), and (3) the 
placenta creates a barrier to maternal immune cells 
(Medawar, 1953). Although pregnancy does suppress 
certain immune functions in the uterus by inducing 
immunosuppressive molecules such as uterine serpin 
(Hansen et al., 1986; Gottshall and Hansen, 1992; 
Hansen, 2007), there is little evidence that pregnancy is 
exclusively immunosuppressive. For example, Natural 
Killer (NK) cells isolated from the endometrium of 
early pregnant ewes exhibit lytic activity that is absent 
in NK cells from blood (Segerson and Beetham, 2000), 
arguing against broad, nonspecific immunosuppression.  
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Evidence against the conceptus being 
immunologically inert includes the observation that 
altered expression of major histocompatability (MHC) 
antigens occurs on trophoblast cells exposed to maternal 
immune cells (Davies et al., 2000, 2006). This is 
perhaps best exemplified in humans, wherein placental 
cytotrophoblast cells express nonclassical, 
monomorphic histocompatibility antigens, HLA-E, -F 
and -G that bind immunoglobulin-like transcript (ILT) 
receptors on NK cells, resulting in reduced NK cell-
induced cytolysis (Van Mourik et al., 2009). Bovine 
trophoblast cells also express nonclassical (NC1) MHCI 
molecules on their surface (Davies et al., 2006), 
suggesting analogous mechanisms of immune evasion 
in this species. The bovine NC1 promoter is activated 
by interferon gamma (IFNG), interferon tau (IFNT), 
interleukin (IL) 4 and high concentrations of 
progesterone (O’Gorman et al., 2010; Al Naib et al., 
2011). Expression of classical MHCI molecules on 
peri-implantation bovine trophoblast has also been 
reported (Templeton et al., 1987; Low et al., 1990), 
but expression is generally downregulated in early 
pregnancy (Low et al., 1990; Davies et al., 2000; 
Bainbridge et al., 2001). Together, these results 
indicate that expression of nonclassical, monomorphic 
MHC1 (NC1) could potentially protect the bovine 
trophoblast from NK cell attack. Lastly, FAS ligand 
(FASL) is expressed by human and rodent placenta 
and induces apoptosis of maternal immune cells 
(Makrigiannakis et al., 2008) creating a barrier, or 
“blinding” the maternal immune system to conceptus 
alloantigens (Kayisli et al., 2003). Whether a similar 
mechanism occurs in ruminants remains to be 
determined. 

Thus, while none of Medawar’s original 
postulates have individually proven to be solely 
responsible for the establishment and maintenance of an 
allogeneic pregnancy, all appear to be involved to some 
extent during early pregnancy. More importantly, 
however, they have provided a framework for 
hypothesis testing that has yielded insight into the 
accommodations of the maternal immune system that 
support gestation of an allogeneic conceptus. One 
hypothesis examined in this review is that the conceptus 
directly regulates immune function in the endometrium 
to both protect it from immune rejection and to direct 
tissue-resident immune cells to participate in formation 
of the placenta. In this regard, it is necessary to think 
more broadly about the role of the immune system 
mouting as a homeorhetic response required to build a 
functioning placenta rather than focusing on the 
classical definitions of immune function that derive 
from studies of host-pathogen interactions. 

The Th paradigm of pregnancy-induced immune 
tolerance 

 
Conceptus signals may drive immune 

responses toward tolerance and promote placental 
growth and function. This shift is characterized by 
reduced expression of cytokines associated with 
inflammatory (Th1) immune responses, including 
IFNG, tumor necrosis factor α (TNF), IL2 and increased 
expression of cytokines that suppress or regulate (Th2) 
immune responses, including  IL4, IL5 and IL10 
(Wegmann et al., 1993). This theory of a pregnancy 
bias toward Th2 responses is referred to as the Th1-
Th2 shift and has strong support in the literature. 
However, it oversimplifies the diverse array of 
immune cell responses typically observed during early 
pregnancy (Makrigiannakis et al., 2008; Wattegedera 
et al., 2008). Furthermore, this terminology primarily 
relates to immune responses to pathogens. Clearly, 
pregnancy is a different stimulus for the immune 
system. For the purposes of this review, the term 
regulatory will be used in the broad sense to refer to 
cells expressing Th2, anti-inflammatory or regulatory 
cytokines and molecules such as arginase-1 (ARG1), 
prostaglandin E (PGE) and indoleamine 2,3-
dioxygenase (IDO) that are associated with immune 
suppression/resolution. In addition, while these terms 
may help define the immune response, pregnancy-
induced immune changes clearly involve both activation 
and suppression of immune function.  
 
Uterine immune cells during pregnancy recognition 

in ruminants 
 

There is little information available describing 
the changes in immune cell populations during the peri-
implantation period in cattle compared to the more 
extensive description of these cells later in pregnancy 
and the periparturient period (Nasar et al., 2002; Tekin 
and Hansen, 2002; Oliveira and Hansen, 2008, 2009; 
Fox et al., 2010). Much of this work occurred more than 
15 years ago, when cellular morphology alone (Vander 
Wielen and King, 1984), or antibodies of poor 
specificity (Lee et al., 1988) were used to identify 
immune cell populations. Moreover, many of these 
studies were limited by too few animals, or 
slaughterhouse specimens of uncertain staging, to 
accurately evaluate uterine immune cell populations. 
For these reasons, the phenotypes and functions of 
immune cells present in the uterus during the critical 
period of conceptus signaling in dairy cattle (days 15-
20) are not well defined.  

Natural killer cells constitute a possible target 
of conceptus signaling during early pregnancy in cattle. 
Natural killer cells express CD335 (NKp46) and the
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protein tyrosine phosphatase receptor (CD45+), which is 
expressed on the vast majority of leukocytes, but 
express little CD5 (T and certain B cells) and surface 
immunoglobulins indicative of B cells (Lee et al., 
1988). Natural killer cells often contain 1-3 large 
membrane-bound granules and they possess the ability 
to lyse cells without co-stimulation. Killing activity in 
the uterus was demonstrated by endometrial cells from 
early pregnant but not cyclic ewes (Segerson and 
Beetham, 2000). The response of NK cells to pregnancy 
is not clear, however. For example, NK killing activity 
was inhibited by treatment of cells with uterine serpin or 
with an antibody against the NK function-associated 
molecule (Tekin and Hansen, 2002). Conversely, 
treatment of cells with IFNT increased NK killing 
activity (Tekin and Hansen, 2002). Because of their 
autonomous nature, NK cells are considered one of the 
first lines of defense at mucosal surfaces. Interestingly,  
inappropriate regulation of NK cells contributes to a 
number of human reproductive disorders (Lash and 
Bulmer, 2011) and they clearly play an important role in 
placentation in humans by virtue of their ability to 
modify maternal spiral arteries and support placental 
vascular development (Kane et al., 2009). Uterine NK-
like cells represent a potential target for conceptus 
signals at the conceptus-maternal interface during early 
pregnancy in ruminants. Preliminary work from our 
laboratory demonstrated that cells expressing the NK 
marker, CD335, increase as a percentage of uterine-
resident CD45+ cells at day 17 of pregnancy compared 
to day 17 of the estrous cycle in dairy heifers. 
Approximately 50% of these putative NK cells also co-
express the CD8 protein characteristic of cytotoxic 
(CD8) T cells (Ott and Vasudevan, 2014, Department of 
Animal Science, Pennsylvania State University, 
University Park, PA, USA, unpublished observation). 

Vander Wielen and King (1984) described a 
distinct population of intra-epithelial lymphocytes (IEL) 
in the uterus of cyclic cattle whose numbers remained 
constant across the estrous cycle and early pregnancy up 
to day 21. The number of these cells then decreased by 
more than 50% as pregnancy progressed from day 21 to 
day 27, especially in areas adjacent to the syncitial layer 
formed between trophoblast giant binucleate cells 
(BNGC) and maternal uterine epithelium during 
placental development. Similarly in sheep, cytotoxic 
(CD8+) T cells were located primarily adjacent to the 
epithelial layer of the uterus (IEL), whereas helper 
(CD4+) T cells were found predominantly in the 
subepithelial stroma (Meeusen et al., 1993). In the ewe, 
approximately 25% of uterine CD8+ cells were γδ+ IEL 
and contained 1-3 cytoplasmic granules (Meeusen et al., 
1993). This cell population represents a potential danger 
to the developing conceptus because these cells can kill 

in a non-MHC restricted fashion (Fox et al., 2010). 
Helper (CD4+) T cells direct immune responses by the 
production of inflammatory (Th1) or regulatory (Th2) 
cytokines. Cytotoxic (CD8+) T cells both produce and 
respond to some of these same cytokines and can 
participate directly in killing. The γδ+ population of IEL 
increases in the sheep uterus toward the end of gestation 
as does their granularity (Meeusen et al., 1993), 
suggesting that they are involved in parturition and 
shedding of the placenta during the postpartum period. 
As with NK cells, the cytoplasmic granules of γδ + IEL 
contain perforin and granzyme, further supporting a 
killing function for these cells (Fox et al., 2010). The 
presence of γδ+ cells at the conceptus-maternal interface 
suggests that they could be targets of conceptus 
signaling. However, there are no reports describing the 
effects of the conceptus or IFNT on γδ+ cells in the 
uterus during early pregnancy in dairy cattle. 

Considering the presence of NK, CD8+ and γδ+ 
T cells at the fetal/maternal interface, it is clear that 
regulatory mechanisms must be in place to protect the 
allogeneic conceptus from attack. Presumably, the 
progesterone-mediated responses mentioned previously 
are among these. However, the T helper cell lineage 
may also play a key role in limiting the immune 
response, as shown in other species. Regulatory T cells 
(Treg) express CD25 (IL2 receptor) and the 
transcription factor forkhead box protein 3 (FoxP3; Seo 
et al., 2009). The suppressor activity of Treg cells is 
clear in rodent (Forward et al., 2010) and human 
endometrium (Saito et al., 2008), and this mechanism 
may be conserved across placental mammals. 
Suppressor activity was demonstrated in ruminant 
endometrial cells isolated by uterine curettage (Segerson 
et al., 1998; Segerson and Beetham, 2000), but the cells 
that mediated this effect were not described. Oliveira 
and Hansen (2008) demonstrated increased CD4+CD25+ 
cells in the periphery and uterine endometrium during 
late gestation. However, FoxP3 expression was not 
measured nor was suppressor activity confirmed. The 
availability of new antibodies for detecting FoxP3 
(Hoek et al., 2009; Seo et al., 2009; Poole and Pate, 
2012) are yielding new insights into Treg function in 
ruminants, but recent results raise some question about 
whether CD4+ CD25+ FoxP3+ cells are the only 
regulatory T cell in cattle. For example, Hoek et al. 
(2009) demonstrated that a subpopulation of γδ+ cells 
(Workshop Cluster (WC)1.1+, WC1.2+, FoxP3-) along 
with CD14+ cells (monocytes) were responsible for 
suppressor activity in ex vivo assays of PBL in cattle. 
Both of these cell types also expressed the regulatory 
cytokine IL10. In addition, they were unable to detect 
any suppressive activity from CD4+CD25highFoxP3+ 
cells. These results are intriguing given the abundance
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of γδ+ T cells, both in the periphery and in the uterus of 
cattle during early pregnancy. However, they should be 
cautiously interpreted until confirmed by additional 
studies. 

Studies focusing on immune cell function 
during the period of maternal recognition of pregnancy 
in cattle are few. Leung et al. (2000) characterized 
uterine lymphocyte distribution and cytokine mRNA at 
day 16 of pregnancy in dairy cattle and demonstrated 
the presence of CD4+ (T cells), CD21+ (B cells) and 
CD14+ (macrophages, dendritic cells) cells on day 16 
of pregnancy. They did not detect differences in the 
proportions of these cells between cyclic and pregnant 
heifers on day 16. Interestingly, a large number of 
CD14+ (myeloid lineage cells) cells were detected in 
the epithelium and subepithelial stroma (Leung et al., 
2000). Similarly, CD14+ CD68+ cells (macrophages) 
are present in the endometrium of cyclic ewes (Tekin 
and Hansen, 2004; Mansouri-Attia et al., 2012), and 
the number of these cells increased substantially later 
in pregnancy in the cow and expressed genes 
associated with a regulatory phenotype including the 
mannose receptor (MRC1) and CD163 (Oliveira and 
Hansen, 2008; Oliveira et al., 2010). Recent work by 
Mansouri-Attia et al. (2012) also detected myeloid 
lineage cells in the endometrium and demonstrated that 
a CD11c+/CD172a+ fraction increased in the 
endometrium at day 16 of pregnancy in beef heifers, 
which was accompanied by increased expression of 
pentraxin 3 (PTX3) a protein involved in angiogenesis 
and tissue remodeling (Martinez and Gordon, 2014). 
Dendritic cells (DC) are a key antigen presenting cell 
that regulates activation status of the immune system. 
The presence of macrophages and DC at the conceptus-
maternal interface may promote conceptus survival by 
expressing immunoregulatory molecules such as PGE, 
IL10, IL4, and IDO (Munn et al., 1998; Nagamatsu and 
Schust, 2010; Groebner et al., 2011). In preliminary 
work in our laboratory, the shallow glands of early 
pregnant dairy heifers contained a greater number of 
cells expressing MHCII (macrophage and dendritic 
cells) than those of cyclic heifers (Ott and Kamat, 
Department of Animal Science, Pennsylvania State 
University, University Park, PA, USA, unpublished 
observations). However, the activation status of these 
myeloid lineage cells is not known. 

Partitioning of macrophages into inflammatory 
(M1) and anti-inflammatory (M2) functional subtypes 
based upon the production of inflammatory or 
regulatory molecules, reminiscent of the Th1/Th2 
paradigm for lymphocytes, requires that macrophage 
functional characterization extend beyond surface 
protein (CD14, MHCII and CD68) identification to 
determine pregnancy-specific effects (Sica et al., 2008; 

Nagamatsu and Shust, 2010; Oliveira et al., 2010). For 
example, M1 macrophages produce TNF, IL6 and 
CCL2 (MCP1), whereas M2 macrophages produce 
arginase-1(ARG1), IL10 (Ohashi et al., 2010) and IDO 
(Groebner et al., 2011). However, recent evidence 
suggests that even this characterization might be too 
simplistic because there are now at least 3 types of M2 
macrophages described in the literature (Martinez and 
Gordon, 2014).  Clearly, effector function assays 
combined with cytokine expression profiles will help 
better define macrophage and dendritic cell function in 
the endometrium. However, there is little information 
on the activation status of macrophage/DC in the uterus 
during early conceptus signaling in dairy heifers and 
cows. 

 
Conceptus signals and immune cell function 

 
The bovine conceptus produces a number of 

bioactive compounds during early pregnancy including 
IFNT, pregnancy associated glycoproteins (PAG), 
placental lactogens (PL) and prostaglandins E2 and F2α 
(PGE & PGF; Hashizume et al., 2007; Bazer and 
Spencer, 2009; Mamo et al., 2011; Spencer et al., 
2013). The role of conceptus-produced prostaglandins 
PG in ruminants is not clear, however, recent results 
suggest that these lipid mediators increase expression of 
interferon stimulated genes (ISG) in the endometrium 
during the earliest stages of pregnancy, perhaps serving 
as priming signals in advance of IFNT production 
(Spencer et al., 2013). Pregnancy associated 
glycoproteins are a large family of aspartic proteinases 
expressed by the placenta in ruminants and several other 
species (Hughes et al., 2003). The PAG gene family can 
be partitioned into more ancient members (bPAG-2) and 
members that duplicated and diverged more recently 
(bPAG-1). The first PAG described, pregnancy-specific 
protein B, is a member of the PAG-1 family (PSPB; 
Butler et al., 1982; Wooding et al., 2005). The function 
of PAG during early pregnancy remains an enigma. 
They apparently do not function as active proteases due 
to amino acid substitutions in their catalytic domains, 
however they retain the ability to bind peptides 
(Wooding et al., 2005). Their presence in high 
concentration at the maternal-fetal interface and in 
maternal circulation has led some to suggest that PAG 
play a role in modulating the maternal immune system 
during pregnancy (Wooding et al., 2005). The presence 
of PAG in maternal blood and milk has been utilized as 
an effective pregnancy diagnostic in a number of 
ruminant species (Sasser et al., 1986; Green and 
Roberts, 2006).   

It is now clear that conceptus IFNT affects 
immune function genes both in the uterus and in the



 Ott et al. Immune accommodations to early pregnancy in ruminants. 
 

Anim. Reprod., v.11, n.3, p.237-245, Jul./Sept. 2014 241 

peripheral blood (Ott and Gifford, 2010). The effect on 
peripheral blood occurs as IFNT exits the uterus via the 
uterine vein (Bott et al., 2010). Microarray analysis 
revealed that a large number of known interferon 
stimulated genes were greater in peripheral blood 
leukocytes from pregnant compared to cyclic cows 
(Gifford et al., 2008; Ott and Gifford, 2014, Department 
of Animal Science, Pennsylvania State University, 
University Park, PA, USA, unpublished). This difference 
occurs as early as days 14-15 of pregnancy in sheep 
(Yankey et al., 2001) and days 16-17 of pregnancy in 
cattle (Gifford et al., 2007; Walker et al., 2010). In 
addition to increased ISG expression in endometrial 
epithelial, stromal and myometrial cells (Ott et al., 1998), 
there is considerable expression of ISG mRNA in an 
uncharacterized population of endometrial immune cells 
(Song et al., 2007; Gifford et al., 2008). However, the 
effects of IFNT on immune cell functions at the fetal-
maternal interface or in peripheral blood during 
conceptus signaling have not been determined (Ott and 
Gifford, 2010). The function of increased ISG in 
endometrial cells is largely unknown, but recent work 
by our group indicates that the myxovirus resistance 1 
(MX1) protein is involved in the process of 
unconventional secretion by the uterine epithelium 
(Racicot and Ott, 2011; Racicot et al., 2012).  

Type I interferons, including IFNT, promote 
immunosuppressive functions of immune cells (Johnson 
and Blalock, 1980; Newton et al., 1989; Skopets et al., 
1992; Tuo et al., 1993; Tekin et al., 2000), including the 
induction of regulatory T cells. For instance, IFNT-
treated CD4+ cells exhibit regulatory activity by 
expressing transforming growth factor beta 1 (TGFB1) 
and IL10 (Mujtaba et al., 1997). In addition, IFNT 
inhibits experimental autoimmune diabetes in a 
nonobese, diabetic mouse model (NOD; Sobel et al. 
2008). This inhibition was accompanied by increases in 
CD4+ CD25+ FoxP3+ cells in the spleens of the mice. 
The effects of IFNT were postulated to be mediated by 
dendritic cell-induction of Tregs (Sobel et al., 2008). 
Exposure to IFNT also suppressed antigen-induced 
increases in WC1+ γδ+ cells and increased CD8+ WC1-  

γδ+ cells (Tuo et al., 1999). WC1+ γδ+ cells tend to 
express more pro-inflammatory genes than WC1-  γδ+ 
cells (Chen et al., 2009). Importantly, the effect of 
conceptus signaling, and IFNT in particular, on 
regulatory immune cell phenotypes and functions in the 

endometrium and peripheral blood of dairy cattle has 
not yet been determined. 

 
Summary and Conclusions 

 
Clearly, much remains to be learned about the 

phenotype and function of uterine-resident immune cells 
during early pregnancy in cattle. Figure 1 describes a 
working model for the interactions that are postulated to 
occur during early pregnancy in dairy cattle. Early 
pregnancy signaling between the conceptus, uterus and 
peripheral immune system is accomplished under high 
circulating and even greater local uterine concentrations 
of progesterone. Progesterone induces expression of 
immunosuppressive molecules including uterine serpins 
that regulate aspects of mucosal immunity. Conceptus 
signals including IFNT, PAG, placental lactogens (PL), 
prostaglandin E and F (PG) alter gene expression in all 
uterine cells including epithelial, stromal and 
myometrial cells. IFNT induces expression of interferon 
stimulated genes (MX1 & MX2, ISG15, OAS, RTP4) 
and several cytokines (IL10) and chemokines (MCP2). 
Many, if not all of these ISG are also increased in 
peripheral blood leukocytes (PBL), which include T 
and B cells, neutrophils (PMN) and monocytes. 
However, the effects of increased ISG expression on 
immune cell function are not known. Peripheral 
activation of ISG in PBL suggests that tissue resident 
immune cells also respond to IFNT, although the 
details of these responses remain to be determined.  
Numerous T cells (CD4, CD8 and γδ), NK cells, DC, 
B cells and macrophages (MФ) are present at the 
conceptus-maternal interface during pregnancy 
recognition. However, surprisingly little is known 
about how these cells respond to the conceptus. We 
postulate that conceptus signals increase processes 
critical for establishment of pregnancy and growth of 
the placenta including induction of tolerogenic immune 
regulators (IDO, IL10, ARG1), stimulation of tissue 
remodeling and angiogenesis (PTX3, VEGF, PGE) and 
induction of ISG to increase innate immunity. However, 
we still do not know which cells respond to IFNT or 
how they respond. Additionally, these interactions are 
susceptible to perturbation by a number of factors that 
are known to reduce pregnancy rates in dairy cows 
including: heat stress, infection, metabolic disease, age, 
nutrition, genetics and other stressors. 
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Figure 1. Complex interactions between the conceptus, uterine somatic and immune cells and peripheral blood 
immune cells during early pregnancy in dairy cows. See text for description. 
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Abstract 
 

Modern protocols to synchronize ovulations for 
timed artificial insemination and timed embryo transfer 
that include manipulations in the proestrus period (i.e., 
between luteolysis and estrus) affect fertility in cattle. 
Specifically, stimulating pre-ovulatory follicle growth 
and exposure to estrogens after CL regression increase 
the proportion of cows pregnant and decrease late 
embryo mortality. Such effects may be due to both pre-
ovulatory actions of estrogens and post-ovulatory 
actions of progesterone, as concentrations of the later 
hormone may be changed in response to manipulations 
conducted during proestrus. In the first portion of this 
paper we describe strategies used recently to manipulate 
the proestrus period in protocols for synchronization of 
ovulation, and to present evidence of their effects on 
fertility. Manipulations of timing and prominence of sex 
steroids during the proestrus and early diestrus that affect 
fertility may act on targets such as the endometrium. This 
tissue expresses receptors for both estrogens and 
progesterone and these hormones change endometrial 
function to support conceptus growth and pregnancy 
maintenance. However, specific cellular and molecular 
mechanisms through which fertility is affected via 
manipulations of the proestrus are poorly understood. In 
the second portion of this paper we describe a well-
defined animal model to study changes in endometrial 
function induced by manipulations conducted during the 
proestrus. Such manipulations induced endometrial 
changes on sex steroid receptors expression, cell 
proliferation, oxidative metabolism and eicosanoid 
synthesis in the uterus, but not on glucose transport to 
uterine lumen. In summary, evidence is accumulating to 
support a positive role of increasing duration and 
estrogen availability during the proestrus on fertility to 
synchronization protocols. Such positive effects may be 
through changes in endometrial function to stimulate 
conceptus growth and survival. 
 
Keywords: artificial insemination, cattle, endometrium, 
estradiol, progesterone. 
 

Introduction 
 

During the estrous cycle of cattle, the proestrus 
phase can be defined as the period between functional 

luteolysis and the beginning of standing estrus. 
Anatomically, during this period the CL reduces in size, 
and the dominant follicle of the ovulatory wave grows 
quickly to reach its pre-ovulatory size. Endocrinally, 
proestrus starts when circulating concentrations of 
progesterone (P4) reach basal levels, allowing LH pulse 
frequency and estradiol (E2) concentrations to increase 
and peak. Protocols for timed artificial insemination 
(TAI) aim to program follicle development for 
ovulation of a follicle carrying a healthy oocyte at a 
moment compatible with fertilization by the sperm. The 
final portion of most protocols includes manipulations 
to generate a proestrus-like phase, in which P4 
concentrations are induced to decrease to allow final 
pre-ovulatory follicle growth and ovulation. Recent 
research has targeted variables associated with the 
proestrus period of protocols. This is because 
manipulations that affect the proestrus period change 
fertility of protocols (Perry et al., 2005; Meneghetti et 
al., 2009; Peres et al., 2009; Dadarwal et al., 2013). 
Manipulations include inducing earlier luteolysis and 
stimulating pre-ovulatory follicle growth and function. 
Consequences are longer periods in the absence of luteal 
P4, longer periods in the presence of follicular E2, 
higher pre-ovulatory E2 concentrations and/or higher 
proportion of cows displaying estrus. Secondary 
consequences are that ovulation of larger follicles lead 
to the formation of larger and more functional CLs, 
capable of producing larger amounts of P4 earlier 
during diestrus, and these effects are known to stimulate 
conceptus elongation (Forde et al., 2009). Most 
important, such consequences may be stimulatory to 
fertility, individually or combined. Collectively, specific 
causative effects of manipulating the proestrus on 
fertility are usually confounded and could be due to 
several of the above mentioned consequences working 
together. The first aim of this paper is to describe 
strategies used recently to manipulate the proestrus 
period in protocols for synchronization of ovulation and 
to present evidence of their effects on fertility.  

Cellular and molecular mechanisms through 
which fertility is affected via manipulations of the 
proestrus are much less understood. Changes in 
proestrus may affect fertility through modifications in 
several processes as final oocyte maturation, preparation 
of follicular cells for luteinization, and the endocrine 
control of the oviductal and uterine environments for
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gamete and embryo development (Pohler et al., 2012). 
In this paper we will focus on the endometrium. The 
endometrium expresses both P4 and E2 receptors and 
endometrial functions, such as histotroph secretion and 
composition, which are modulated by changes in P4 and 
E2 concentrations associated with proestrus (Robinson 
et al., 2001; Bazer and Slayden, 2008). Histotroph 
characteristics (i.e., volume and composition) are 
important for pre-implantation conceptus development. 
This is because, during pre-implantation, conceptus 
relies exclusively on histotrophic nutrition for provision 
of nutrients and paracrine factors for growth (Bazer et 
al., 2010). Thus, inappropriate timing or concentrations 
of sex steroids and tissue expression of the respective 
receptors around estrus and ovulation may affect 
endometrium function and negatively influence growth 
of conceptus and, consequently, pregnancy outcome. 
Despite their critical importance, specific biological 
processes and molecular pathways affected by peri-
ovulatory variations in sex steroids are only now 
starting to be elucidated and have not been sufficiently 
studied and explored in the endometrium. We have 
recently reported an animal model to manipulate pre-
ovulatory follicle growth and, consequently, proestrus 
E2 and early diestrus P4 concentrations (Mesquita et al., 
2014). Based on this model, the second aim of this 
paper is to report our recent data on the influence of 
manipulating proestrus on a number of pathways 
associated with endometrial function and, potentially, 
conceptus survival.  

Collectively, the present review will, first, 
provide evidence that manipulations of proestrus on 
protocols to synchronize ovulations affect fertility and, 
second, summarize our recent data on molecular 
pathways potentially affected by such manipulations. 
 

Influence of proestrus on fertility 
 

Important aspects of the preovulatory follicle 
growth phase are the decreasing concentrations of P4 
and rising concentrations of E2. Factors determining 
timing and prominence of changes in P4 and E2 
concentrations during proestrus include preovulatory 
follicle growth rate and final size, and onset of 
luteolysis. Other factors as physiological status of the 
cow (heifer, non-lactating and lactating), nutrition, 
breed and purpose (dairy vs. beef) may also influence 
the synthesis and clearance of sex steroid hormones 
during proestrus. All these factors ultimately determine 
the length of proestrus and are recognized as key factors 
determining fertility rates.  

Endocrine profiles are key players impacting 
pregnancy outcome. For example, in dairy cows, the 
size of the ovulatory follicle has been positively 
correlated with the CL size (Vasconcelos et al., 2001; 
Sartori et al., 2002) and, consequently, higher 
circulating P4 concentrations (Moreira et al., 2000). In 
contrast, dairy cows with low preovulatory E2 
concentrations and low postovulatory P4 concentrations 

are more likely to have reduced fertility (Folman et al., 
1973; Fonseca et al., 1983; Ahmad et al., 1995; Larson 
et al., 1997; Bisinotto et al., 2010). Also, in beef cattle, 
such a positive relationship between preovulatory 
follicle size and E2 concentrations has been reported 
and it is assumed that the size of the pre-ovulatory 
follicle can be an indicator of pregnancy probability 
(Busch et al., 2008; Vasconcelos et al., 2009; Jinks et 
al.; 2013). Indeed, ovulation of smaller follicles is 
associated with decreased circulating E2 concentrations 
at TAI and results in increased late embryonic/fetal 
mortality (Perry et al.; 2005). However, the effect of 
large follicles may not be consistent between dairy and 
beef cattle, as ovulation of large follicles (aged or 
persistent) result in lower fertility even though estradiol 
is higher in dairy cows (Fonseca et al., 1983; Bleach et 
al., 2004; Bisinotto et al., 2010). 

Duration of proestrus is decisive for fertility 
outcome. The average duration of proestrus in cattle is 3 
to 4 days. However, in most TAI protocols, proestrus is 
modified, for example, by the induction of ovulation 
with E2 esters, lutropin (pLH), or GnRH after progestin 
device withdrawal (Martinez et al., 2004). Therefore, a 
shortened or extended proestrus may affect fertility in 
synchronized estrous cycles by distinctive mechanisms. 
A longer proestrus, associated with a longer period of 
follicle dominance, can be detrimental to embryo 
quality in dairy cattle (Cerri et al., 2009), mainly due to 
the presence of a persistent dominant follicle and the 
negative effects on oocyte and embryo quality. In this 
context, premature oocyte maturation (Revah and 
Butler, 1996), altered pattern of oviductal proteins 
(Binelli et al., 1999), and low embryo quality (Ahmad et 
al., 1995) have been reported in cows with persistent 
dominant follicles. Consistently, Bleach et al. (2004) 
documented a negative correlation between the period 
of follicle dominance and pregnancy rate. On the other 
hand, a shortened proestrus resulting from an induced 
ovulation may decrease the fertility outcome by a 
distinctive mechanism. The importance of the P4 
concentrations at time of AI might provide, at least to a 
certain extent, an explanation for the latter observations. 
More specifically, slight elevations in P4 concentrations 
near the time of AI, due to lack of complete CL 
regression, result in major reductions in fertility of dairy 
cattle (Souza et al., 2007; Brusveen et al., 2009; Santos 
et al., 2010; Martins et al., 2011; Pereira et al., 2013). 
Therefore, length of proestrus should be long enough to 
provide time for reduction of P4 concentrations, growth 
of dominant follicle and E2 priming after induced 
luteolysis, but not too extended to induce formation of a 
large follicle associated with persistency and low oocyte 
viability.  

Preovulatory P4 and E2 concentrations are two 
critical aspects to be considered when evaluating 
proestrus manipulations and potential effects on 
fertility. The effects of circulating P4 concentrations 
during dominant follicle growth in TAI programs differ
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between dairy and beef cattle. In dairy cows, recent 
studies indicated that oocyte/embryo quality (Rivera et 
al., 2011) and fertility (Bisinotto et al., 2010) are 
reduced when follicle development in TAI protocols is 
performed in cows with transitionally low circulating P4 
concentrations. In contrast, reducing P4 concentrations 
during dominant follicle growth and the resulting larger 
preovulatory follicle have been associated with higher 
pregnancy rates in beef cattle (Menegethi et al., 2009; 
Peres et al., 2009; Dadarwal et al., 2013). Dadarwal et 
al. (2013) demonstrated that lower circulating P4 
concentrations stimulate preovulatory follicle growth, 
subsequent CL size and function and, ultimately, 
pregnancy success. In contrast, shortened proestrus has 
a pregnancy-reducing effect. Furthermore, subluteal 
blood P4 concentrations during follicular growth in beef 
cows results in oocytes with improved in vitro 
fertilization capacity (Jaiswal, 2007). Consistently, a 
study from our group (Pugliesi et al., 2014) in Bos 
indicus beef cattle, documented that the presence of a 
functional CL during follicle growth is less favorable to 
pregnancy success due to a 30% reduction in the 
proportion of cows ovulating to the protocol and lesser 
incidence of estrous behavior. Such important 
differences between the dairy and beef cattle could be a 
consequence of the effects of lactation, genetic 
selection, size of animals and steroid metabolism that 
modify the availability of circulating E2 and P4. In this 
regard, circulating P4 concentrations during dominant 
follicle growth could be lower in dairy compared to beef 
females because of the higher blood flow and steroid 
metabolism in the liver of high producing dairy cows 
(Sangsritavong et al., 2002; Vasconcelos et al., 2003). 
Thus, several strategies have been proposed in order to 
trigger efficacious CL regression. One of them is to 
advance the PGF injection in relation to progestin 
withdrawal. This allows a uniform decline in P4 
concentrations among cows, following progestin 
withdrawal. The result is a proestrus period with a 
longer duration that stimulates the pre-ovulatory follicle 
to grow and achieve its full estrogenic capacity 
(Mussard et al., 2003; Meneghetti et al., 2009; Peres et 
al., 2009; Dadarwal et al., 2013). 

Benefits of estrogen priming during proestrus 
on pregnancy rates need to be considered in order to 
improve fertility success. Several strategies have been 
proposed in order to optimize pre-estrus E2 effects, such 
as: the addition of E2 at the end of the synchronization 
protocols, stimulation of ovulation using E2 injections, 
increasing the interval between the luteolytic injection 
and the time of expected ovulation (as mentioned 
above) and increasing gonadotrophic support through 
injections of equine chorionic gonadotropin (eCG). 
However, this later strategy will not be addressed in the 
present paper. Administration of estradiol esters, such as 
estradiolcypionate (ECP), at the moment of P4 device 
withdrawal increased pregnancy rates in beef cows 
submitted to TAI (Sá Filho et al., 2011). In addition, 

Atkins et al. (2013) reported that E2 treatment previous 
to ovulation affected pregnancy rate of embryo recipient 
cows independent of P4 concentrations on day 7 post-
estrus. In dairy cattle, similar strategies have included 
the addition of E2 to the end of the Ovsynch protocol 
(Souza et al., 2007), stimulation of ovulation using E2 
injections (Pancarci et al., 2002; Cerri et al., 2004; 
Stevenson et al., 2004), and increasing the interval 
between the luteolytic injection (PGF) and the time of 
expected ovulation (Pereira et al., 2013). 

Collectively, precise management of pre-
ovulatory follicle growth and control of timing of 
ovulation, associated with earlier and complete 
luteolysis are associated with greater pregnancy success. 
However, positive fertility results depend on factors 
such as animal category (e.g., beef vs. dairy, heifers vs. 
cows, lactating vs. non-lactating, anestrous vs. cyclic), 
timing and types of hormones used in the 
synchronization protocol. 
 

The influence of proestrus on fertility: mechanistic 
insights provided by an animal model 

 
Preovulatory circulating E2 and P4 

concentrations control several physiological processes that 
contribute to the establishment and maintenance of 
pregnancy, including effects on follicular cells, the oocyte, 
gamete transport and preparation of the uterine 
environment (Pohler et al., 2012). Thereby, the 
physiological reason(s) for reduced fertility of animals with 
reduced preovulatory E2 and postovulatory P4 
concentrations could include compromised oocyte quality 
or deficient uterine support for the developing conceptus.  

When focusing on the gamete effects, 
circulating E2 concentrations during proestrus are 
important regulators of sperm capacitation, fertilization, 
zygote transport and early embryonic development 
(Binelli et al., 1999; Inskeep, 2004). Furthermore, P4 
seems to interfere with gamete development, as dairy 
cows with lower blood P4 concentrations during the 
pre-ovulatory follicle growth display a reduced fertility 
and supplementation of P4 at this development phase 
increased pregnancy rate (Folman et al., 1990; 
Wehrman et al., 1993; Bisinotto et al., 2013). In line 
with these observations, a decrease in oocyte quality, 
and consequently, low embryo quality (Ahmad et al., 
1995), may also be caused by a premature maturation of 
the oocyte (Revah and Butler, 1996) in cows with 
increased pulse frequency of LH under low circulating 
P4 during dominant follicle development (Roberson et 
al., 1989; Adams et al., 1992). However, whether these 
observations are direct P4-induced effects on the 
embryo or indirect, through P4 influences in the 
reproductive micro-environment provided by the 
mother, remains to be elucidated.  

When focusing on reproductive tract effects, 
P4 plays a role in oviductal function. The oviduct 
epithelium undergoes dramatic morphological and 
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functional changes throughout the estrous cycle (Abe 
and Oikawa, 1993). Changes include variations in the 
expression of oviductal mRNA coding for steroid 
receptors and epithelial markers and in the sperm-
binding capacity of the epithelium in culture (Chen et 
al., 2013). Interestingly, several researchers currently 
focus on the importance of proestrus endocrine profiles 
on changes in uterine receptivity during diestrus. This is 
highly relevant, as previous studies reported that 
deficient uterine function is the primary factor 
responsible for infertility in beef (Mussard et al., 2003; 
Bridges et al., 2012) and lactating and non-lactating 
dairy (Sartori et al., 2006; Cerri et al., 2012) cows that 
ovulated smaller follicles. In this context, our group 
recently described a model to manipulate preovulatory 
follicle growth to produce groups of cyclic beef cows 
with distinctly different preovulatory E2 concentrations 
and early diestrus P4 concentrations (Mesquita et al., 
2014). In this model, nonlactating, presynchronized 
Nelore cows received a P4-releasing device and E2 
benzoate treatment, and were split to receive a PGF 
treatment (large follicle-large CL group; LF-LCL) or 
not (small follicle-small CL group; SF-SCL) at 
device insertion. The PGF treatment induced CL 
regression and resulted in lower plasma P4 
concentrations during dominant follicle growth in the 
LF-LCL group (1.15 ± 0.14 ng/mL vs. 4.91 ± 0.16 ng/mL 
on the day of P4 device removal). After eight days, 
devices were withdrawn and PGF administered 42 to 60 h 
(LF-LCL) and 30 to 36 h (SF-SCL) before GnRH 
treatment (day 0) to control the length of proestrus. 
Reproductive tissues and uterine washings were 
collected at slaughter on day 7. The cows with larger 
dominant follicles and longer proestrus (LF-LCL group) 
had larger preovulatory follicle (13.24 ± 0.33 mm vs. 
10.76 ± 0.29 mm), greater plasma E2 concentrations on 
day 0 (2.94 ± 0.28 pg/mL vs. 1.27 ± 0.20 pg/mL), and 
greater size and weight of CL (2.72 ± 0.32 cm3 and 
3.1 ± 0.37 g vs.1.89 ± 0.16 cm3 and 2.08 ± 0.15 g) 
and plasma P4 concentrations (3.71 ± 0.25 ng/mL vs. 
2.62 ± 0.26 ng/mL) on day 7 compared with the SF-
SCL group. The phenotype of smaller follicles and short 
proestrus was associated with lower receptivity and 
capacity to support conceptus development, in 
comparison with the other group, manipulated to ovulate 
a larger follicle. Based on the contrasting ovarian and 
endocrine characteristics of these two groups of animals, 
we studied the endometrial transcriptomic profile by 
RNA sequencing and different candidate pathways 
involved in endometrial receptivity on day 7 after 
induction of ovulation. The results revealed differential 
enrichment of biological processes, as subsequently 
described for selected endometrial pathways.  
 

Effects of estrogen and progesterone receptors 
 

The temporal and spatial expression of E2 
(ESR) and P4 receptors (PR) in the bovine uterus is 

critical for establishment of pregnancy (Bazer et al., 
2010; Shimizu et al., 2010). Moreover, an inhibitory 
feedback mechanism caused by increased diestrus P4 
concentrations on its own receptors has been proposed 
as a key event determining the receptive signature of the 
endometrium (Okumu et al., 2010). Our research group 
investigated to which extent endometrial mRNA and 
protein concentrations of ESR and PR can be temporally 
influenced in response to modulation of periovulatory 
endocrine milieu proposed by Mesquita et al. (2014). 
The data revealed that day 0 (day of GnRH treatment to 
induce ovulation) endometrial tissue obtained from 
cows that ovulated a larger preovulatory follicle and had 
longer proestrus displayed significantly increased 
abundance of transcripts coding for ESR1 (1.18 ± 0.16 
vs. 0.87 ± 0.24), PR-A (1.43 ± 0.41 vs. 0.71 ± 0.27), PR-
B (1.3 ± 0.21 vs. 0.77 ± 0.27) and PR-C (1.29 ± 0.29 vs. 
0.81 ± 0.34) genes (P < 0.05). On day 4, endometrial 
tissue gene expression of PR-A (0.71 ± 0.27 vs. 1.02 ± 0.26), 
PR-C (0.83 ± 0.21 vs. 1.01 ± 0.15), PRMC (0.81 ± 0.14 
vs. 1.01 ± 0.22) was significantly down-regulated in 
cows with larger preovulatory follicle and longer 
proestrus (P < 0.05). Similarly, day 7 endometrial 
tissue showed a down-regulated expression of PR-B 
(0.79 ± 0.08 vs. 1.03 ± 0.27), and PR-C (0.77 ± 0.12 vs. 
1.04 ± 0.31) in cows with larger preovulatory follicle 
and longer proestrus (P < 0.05). However, in the 
latter cow group, expression of ESR2 (1.78 ± 0.65 vs. 
1.02 ± 0.21) and PRMC (1.01 ± 0.18 vs. 0.82 ± 0.21) 
was significantly increased in day 7 endometrial tissue 
(P < 0.05). These results confirm that differential 
periovulatory endocrine profiles impact the transcription 
of sex steroid-receptor genes in a time-specific manner. 
Complex modulation of receptor expression by 
proestrus E2 and early diestrus P4 may fine-tune 
downstream expression of target genes in the 
endometrium to regulate uterine receptivity to the 
developing embryo. 
 

Effects on the glucose transporter system 
 

In mammals, glucose transport from the 
maternal circulation towards the uterine lumen is 
essential for conceptus development and pregnancy 
success (Schneider et al., 1981; Gao et al., 2009). 
Therefore, our research group explored whether glucose 
transport pathways can be influenced in response to 
modulation of periovulatory endocrine milieu proposed 
by Mesquita et al. (2014). Despite the reported (Forde et 
al., 2010) potential role of glucose transport pathways in 
the uterine environment during early pregnancy in 
cattle, the different endocrine patterns during the 
periovulatory period did not modulate the expression of 
glucose transporter transcripts, such as SLC2A1, 
SLC2A3, SLC2A4, SLC2A5, SLC5A1, SLC37A4, 
ATP1A2 and ATP1B2 on day 7 (França et al., 2014, 
Departament of Animal Reproduction, São Paulo 
University, Pirassununga, SP, Brazil, unpublished data).
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Interestingly, glucose transporter (GLUT1) protein 
concentration in the endometrium at day 7 was higher in 
cows with larger preovulatory follicle and longer 
proestrus compared to their small follicle counterparts 
(1.24 ± 0.52 ng/µl vs. 0.87 ± 0.19 ng/µl, respectively; 
P < 0.05), but glucose concentrations in the uterine 
washing did not differ between groups. Therefore, as 
also indicated by protein abundance and immuno-
histochemical characterization of main glucose 
transporters, the modulation of endocrine profiles 
during the periovulatory period did not impact glucose 
availability in the uterine environment. We speculate 
that systems that regulate glucose homeostasis in the 
endometrium during early diestrus are not modulated by 
the proestrus manipulations reported by Mesquita et al. 
(2014). 

 

Effects on the eicosanoid synthesis and signaling 
systems 

 

Eicosanoids are known for their pivotal role in 
reproductive processes such as ovulation, implantation, 
maternal recognition of pregnancy, luteolysis and 
parturition in mammals (Narumiya et al., 1999), and are 
involved in pregnancy disorders in humans (Liu et al., 
2010). Different endocrine profiles during proestrus and 
early diestrus using the model described by Mesquita et 
al. (2014) impacted on the endometrial transcript 
abundance of several genes involved in eicosanoid 
synthesis and signalling pathways. More specifically, 
when comparing the endometrial tissue from the LF-
LCL cows with the SF-SCL cows, the expression of 
PTGES1 (fold change 1.32; P = 0.05), AKR1C4 (fold 
change 1.65; P = 0.04), AKR1C3 (fold change 1.84; 
P = 0.02), CBR1 (fold change 1.25; P = 0.07), PTGIS 
(fold change 1.22; P = 0.04), ALOX 12S (fold change 
1.46; P = 0.04) were significantly increased, whereas 
the expression of the CYP2B gene was significantly 
decreased in the LF-LCL endometrium compared to the 
endometrium from the SF-SCL cows. Despite the 
difference in transcript abundance of the latter genes 
between the cows groups, concentrations of their 
respective eicosanoid products in the endometrium and in 
uterine flushings were similar. Interestingly, the transcript 
abundance of 9-HETE and 14,15-DIHETrE in the uterus 
was affected by the periovulatory endocrine profile: 
significantly lower concentrations of 9-HETE were 
observed in endometrial tissue from the LF-LCL group 
compared to the SF-SCL group (0.15 ± 0.05 pg/ml vs. 
0.97 ± 0.28 pg/ml; P = 0.02), whereas the opposite was 
found for the 14,15-DIHETrE concentrations (121.4 ± 
11.1 pg/ml vs. 72.5 ± 19.0 pg/ml; P = 0.04). However, the 
role of the latter metabolites in uterine function and 
receptivity needs further investigation. Similar to the 
glucose transport system, the uterine concentrations of 
eicosanoids were not affected by size of the preovulatory 
follicle and duration of the proestrus. This suggests a tight 
molecular control to maintain homeostasis of this class 
of molecules during early diestrus. 

Effects on the oxidative stress defence mechanisms 
 

The redox homeostasis is vital for several 
cellular processes, such as protein phosphorylation, 
phospholipid hydrolysis, activation of transcription 
factors, and inhibition of phosphatases (Thannickal and 
Fanburg, 2000). Therefore, our group hypothesized that 
the redox profile of the uterine milieu can be modulated 
by exposure to ovarian steroids during the periovulatory 
period.  

The endometrial tissue of cows induced to 
ovulate smaller follicles displayed lower (P < 0.05) 
activity of catalase (0.79 ± 0.09 vs. 0.50 ± 0.07 U/mg 
protein, P < 0.001) and glutathione peroxidase 
(2.43 ± 0.39 vs. 2.00 ± 0.35 nmol NADPH/min/mg 
protein, P = 0.04), as well as higher lipid peroxidation 
(177.7 ± 46.5 vs. 255.7 ± 40.6 nmol/MDA/g tissue; P = 
0.005) and superoxide dismutase activity (37.8 ± 3.9 vs. 
44.8 ± 7.7 IU; P = 0.04) compared to the group of cows 
with larger follicles (P < 0.05; Ramos and Binelli, 2014, 
Departament of Animal Reproduction, São Paulo 
University, Pirassununga, SP, Brazil, unpublished data). 
Therefore, the periovulatory endocrine milieu of cows 
with smaller preovulatory follicle and shorter proestrus 
modulate the uterine redox machinery to inhibit 
response to oxidative stress. Such diminished response 
may be detrimental to pre-implantation conceptus 
development. 

 
Effects on the cell proliferation mechanisms 

 
Growth-promoting effects of E2 in vivo have 

been well documented in mammalian endometrium 
(Quarmby and Korach, 1984; Dallenbach-Hellweg, 
1987), whereas P4 is mainly known for its 
differentiating effect. Hence, we investigated whether 
the endometrial cell proliferating activities are 
dependent/responsive to modifications in the 
periovulatory endocrine milieu. RNAseq data revealed 
that the global gene expression profile was different 
when comparing endometrium from cows with 
differential periovulatory endocrine profiles at early 
diestrus in beef cattle (Mesquita and Binelli, 2014, 
Federal University of Pampa, UNIPAMPA, 
Uruguaiana, RS, Brazil, unpublished data). When 
focusing on genes related to cell proliferation, a 
decreased expression (P < 0.0001) was observed, when 
comparing endometrial tissue from the LF-LCL group 
to the SF-SCL group, with particular focus on DKK3 
(fold change 0.53) and WNT5A (fold change 0.46). The 
latter genes involved in WNT signaling pathways have 
been proposed as potential keys for endometrial tissue 
proliferation, differentiation and embryo growth (Wang 
et al., 2009; Denicol et al., 2014). Furthermore, a 
significant decreased expression was observed for genes 
involved in cell division and proliferation, such as PLK4 
(fold change 0.38; P < 0.0001), ESPL1 (fold change 0.25; 
P < 0.0001), Cdk1 (fold change 0.35; P < 0.0001), KIF15
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(fold change 0.18; P < 0.0001), KIFC1 (fold change 
0.33; P < 0.0001) when comparing LF-LCL with SF-
SCL endometrial tissue. Several of the latter genes have 
been proposed as potential markers for cancer cell 
phenotypes (Cheng, 2014). In this context, also genes 
specifically related to cancer cell signaling pathways, 
such as MYC (fold change 0.45; P < 0.0001) and NOV 
(fold change 0.16; P < 0.0001) were significantly down-
regulated in LF-LCL vs. SF-SCL endometrial tissue. 
Considering the importance of the differently expressed 
genes (Cerri et al., 2012; Denicol et al., 2014), the 
preliminary transcriptome information, originating from 
RNA sequencing of the SF-SCL vs. the LF-LCL 
endometrial tissue, might indicate that cows 
synchronized to ovulate smaller follicles displays a 
proliferative transcriptome and phenotypic signature at 
day 7; whereas the endometrium of cows with larger 
ovulatory follicles reveals characteristics of a tissue that 
surpassed the proliferative status and is ready to proceed 
with other tasks. Such tasks may include the provision 
of molecules associated with optimal conceptus 
development. Using qRT-PCR, current research will 
quantify and re-evaluate the expression of the genes of 
interest more specifically. Furthermore, using 
immunohistochemical visualization of cellular 
proliferation markers, ongoing research will investigate 
to which extent the latter gene expression differences 
result in phenotypically relevant differences. 
 

Concluding remarks 
 

Strategic selection of drugs and changes in 
timing of drug administration in protocols of 
synchronizing ovulations for TAI or TET can change 
the length of proestrus in the synchronized estrous 
cycles. Most importantly, changes that affect the 
proestrus concentrations of, and time of exposure to E2 
increase overall fertility to protocols. Mechanisms 
through which manipulations of the proestrus increase 
fertility are still being elucidated, but may include 
modulation of endometrial cell proliferation and 
regulation of the intrauterine redox environment. 
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Abstract 
 

Many of the diseases that affect dairy cattle 
either in confinement or pasture-based systems typically 
occur in the first two months of lactation, before the 
first postpartum insemination. The increased 
susceptibility to metabolic and infectious diseases with 
parturition and the onset of lactation poses a major 
challenge to reproduction. A wealth of information in 
the scientific literature is available linking diseases with 
depressed reproduction in dairy cows. Unfortunately, 
only few studies have established a causal relationship 
between a specific disease and fertility, and little is 
known about the mechanisms that underlie the decrease 
in pregnancy in dairy cows that had disease in early 
lactation. It is clear that dairy cows that suffer from 
disease processes have impaired resumption of 
postpartum ovulation, compromised fertilization and pre- 
and peri-implantation conceptus development, altered 
conceptus gene expression, increased pregnancy loss and, 
ultimately reduced pregnancy per insemination that 
causes an extension in time to pregnancy. Because 
mechanisms are poorly understood, no target intervention 
is available at this time to reverse the poor reproduction 
in cows that develop periparturient diseases, except 
methods to induce cyclicity in anovular cows or to 
improve insemination rate in cows not detected in 
estrus. Regardless of a better understanding of the 
underlying biology of poor fertility in diseased cows, a 
pivotal approach is to implement strategies that mitigate 
the risk factors that predispose cows to disease. Such 
interventions include, but are not limited to, improving 
transition cow management and grouping, proper 
dietary formulation to prevent periparturient diseases 
associated with intermediary and mineral metabolism, 
strategies for reducing calving-related disorders, and 
methods to prevent mastitis and lameness. Future 
developments in target strategies to improve 
reproduction of cows suffering from peripartum 
diseases will require a better understanding of the 
impaired biological processes that compromise 
establishment and maintenance of pregnancy in this 
subfertile population of cows.  
 
Keywords: dairy cattle, disease, embryo, pregnancy. 
 

Introduction 
 

Adequate reproductive performance of the 
lactating herd is a major component of profitability in 

dairy farms (Ribeiro et al., 2012). Improved 
reproduction shortens the transition from being a 
primiparous to becoming a multiparous cow leading to 
increments in milk yield, increases the average milk 
yield per day of calving interval by reducing the days in 
milk of the lactating herd, increases the number of 
replacement animals available, influences culling 
decisions, and accelerates the rate of genetic progress. 
Unfortunately, improving fertility is not trivial. 
Establishment and maintenance of a pregnancy to term 
are affected by several genetic, physiological, and 
environmental factors that can be manipulated in order 
to sustain high fertility. Although causality is not always 
proven, it is well established that diseases negatively 
influence reproduction in dairy cows. 

During early lactation, dairy cows undergo a 
period of extensive tissue catabolism because of negative 
nutrient balance. The latter has been linked to 
unrestrained metabolic disturbances that often lead to 
diseases which, in turn, dramatically decrease both 
productive and reproductive performance. Negative 
nutrient balance has been associated with compromised 
immune and reproductive functions in dairy cows. Two 
of the most common clinical diseases in dairy cattle are 
metritis and mastitis, both of which have been negatively 
associated with subsequent reproductive performance.  

In addition, dairy cows develop the so called 
subclinical disorders, such as subclinical ketosis and 
hypocalcemia. The first, being more an adaptation to 
inadequate caloric intake, has been linked to reduced 
fertility but, to date, little evidence exists to establish 
causation between elevated ketones and animal 
performance. Improper adaptation to increased Ca 
demands for lactation results in suboptimal 
concentrations of Ca in blood and increased risk of 
uterine diseases which impairs fertility. Subclinical and 
clinical hypocalcemia reduces cytosolic ionized Ca 
(Ca2+) in immune cells and compromise innate and, 
possibly, acquired immunity. Establishing nutritional 
and management methods to minimize the incidence of 
diseases in early lactation is one of the multiple steps to 
improve fertility in a dairy herd. 
 

Prevalence of postpartum diseases and impact on 
fertility of dairy cows 

 
Transition from the dry period (nonlactating 

pregnant state) to lactation (nonpregnant lactating state) 
requires the high-producing dairy cow to drastically 
adjust her metabolism so that nutrients can be
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partitioned to support milk synthesis, a process referred to 
as homeorrhesis. A sharp increase in nutrient requirements 
generally occurs at the onset of lactation, when feed intake 
is usually depressed, which causes extensive mobilization 
of body tissues, particularly body fat, but also amino 
acids, minerals and vitamins. Despite tight homeostatic 
controls and homeorrethic adjustments to cope with the 
changes in metabolism caused by milk production, 45 to 
71% of dairy cows across different levels of milk 
production, breeds and management systems develop 
metabolic and infectious diseases in the first months of 
lactation (Santos et al., 2010a; Ribeiro et al., 2013). 

Calving-related disorders and diseases that 
affect the reproductive tract are major contributors to 
depression of fertility. Dystocia, metritis, and clinical 
endometritis were observed in 14.6, 16.1, and 20.8% of 
postpartum dairy cows in large U.S. confinement herds, 
respectively (Santos et al., 2010a). Cows that presented at 
least one of the aforementioned disorders were 50 to 63% 
less likely to resume ovarian cyclicity by the end of the 
voluntary waiting period, and were 25 to 38% less likely 
to become pregnant following the first artificial 
insemination (AI) postpartum compared with healthy 
cows. Moreover, cows with dystocia and those diagnosed 
with clinical endometritis were 67 and 55% more likely 

to lose their pregnancies during the first 60 days of 
gestation compared with healthy cows. The negative 
effects of reproductive disorders on subsequent fertility 
are also observed in dairy cows kept under grazing 
systems (Ribeiro et al., 2013). Even though the 
prevalence of dystocia, metritis, and clinical endometritis 
are numerically less in grazing-based herds (8.2, 5.7, and 
14.7%, respectively), cows with metritis had 2.7-fold 
increased odds of being anovular at 50 days postpartum 
compared with unaffected herd mates. Cows affected 
uterine diseases had marked depression in pregnancy at 
the first postpartum AI and increased risk of pregnancy 
loss. In fact, when diseases were classified as clinical 
(calving problem, metritis, clinical endometritis, mastitis, 
pneumonia, digestive problems, and lameness), 
subclinical [subclinical hypocalcemia, subclinical ketosis, 
and severe negative energy balance (NEB) based on 
excessive plasma non-esterified fatty acids (NEFA)], or 
both, affected cows had increased anovulation and 
reduced pregnancy per AI (Table 1; Ribeiro et al., 2013). 
These data strongly indicate that diseases during early 
lactation have a profound impact on fertility of dairy 
cows. Maintaining metabolic health to minimize the risk 
of clinical and subclinical health problems are expected 
to benefit fertility of dairy cows. 

 
Table 1. Association among clinical and subclinical diseases and fertility responses in grazing dairy cows. 

Item Incidence AOR (CI)1 P value 

Contrast2 

C1 C2 

Estrous cyclic on day 49 postpartum 
   < 0.01 0.02 

Healthy 95.6
a
 1.00 …   

Subclinical disease only 88.9
b,c

 0.35 (0.16-0.76) <0.01   

Clinical disease only 93.0
a,b

 0.63 (0.23-1.75) 0.37   

Subclinical and clinical disease 83.5
c
 0.23 (0.10-0.50) <0.01   

Pregnant day 30    < 0.01 0.10 
Healthy 73.5

a
 1.00 …   

Subclinical disease only 63.1
b
 0.67 (0.44-0.99) 0.05   

Clinical disease only 54.8
b,c

 0.44 (0.26-0.75) <0.01   

Subclinical and clinical disease 50.0
c
 0.39 (0.24-0.61) <0.01   

Pregnant day 65    < 0.01 0.07 
Healthy 66.2

a
 1.00 …   

Subclinical disease only 57.1
a,b

 0.72 (0.49-1.05) 0.09   

Clinical disease only 46.3
b,c

 0.45 (0.26-0.76) <0.01   

Subclinical and clinical disease 42.1
c
 0.39 (0.25-0.61) <0.01   

a,b,cSuperscript letters within item estrous cycle, pregnant on day 30, and pregnant on day 60 differ (P < 0.05). 
1AOR = adjusted odds ratio; CI = confidence interval.2Contrasts: C1 = effect of disease (healthy vs. all others); 
C2 = effect of having both clinical and subclinical diseases combined versus only clinical or subclinical (subclinical 
and clinical disease vs. subclinical disease only + clinical disease only). Data from Ribeiro et al. (2013). 
 

Diseases are associated with impaired embryo 
development 

 

Mechanisms by which diseases in the 
periparturient period impair reproduction are not clearly 

understood. Most studies are of epidemiological nature 
and the overwhelming majority associates negative 
effects of diseases during early lactation with reduced 
pregnancy per AI or extended intervals to pregnancy. In 
general, cattle affected by diseases have reduced
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appetite, increased body weight loss, altered partitioned 
of nutrients, and exacerbated immune response (Gifford 
et al., 2012). Inflammatory diseases create an acute 
phase response that partitions more nutrients, 
particularly amino acids, for synthesis of hepatic acute 
phase proteins (Gifford et al., 2012). This response to 
contain invading pathogens, although desired, alters the 
partition of nutrients away from productive functions. 
Moreover, inflammatory mediators produced during 
activation of the immune system can reach the 
reproductive tract and influence uterine function, 
follicle growth, oocyte quality, and subsequent embryo 
development (Turner et al., 2012). To evaluate this idea, 

we conducted retrospective analyses of data from 
multiple studies in which day 5 to 6 and day 15 to 16 
embryos were collected from single ovulating dairy 
cows to determine if peripartum diseases were 
associated with reduced embryo quality and impaired 
development in lactating dairy cows (Ribeiro et al., 
2014c). Embryos-oocytes collected from 419 cows on 
day 5 to 6 after AI were evaluated for fertilization and 
early cleavage, and grade quality (Table 2; Ribeiro et 
al., 2014c). It is clear that cows suffering from at least 1 
case of clinical disease had reduced fertilization, 
compromised embryo quality, and reduced embryo 
development as early as 5 to 6 days after insemination. 

 
Table 2. Impact of health problems during early lactation on embryo quality in dairy cows. 

 Group1 P2 

Item Healthy Single disease 
Multiple 
diseases 

Disease Number of diseases

Embryos-Ova    

Number 252 87 80 --- --- 

Fertilized, % 86.1 81.6 73.8 0.03 0.22 

Grades 1-3, % 73.4 62.1 51.3 <0.01 0.16 

Grades 1-2, % 61.9 50.6 41.3 <0.01 0.23 

Embryos    

Grades 1-3, % 85.3 76.1 69.5 <0.01 0.40 

Grades 1-2, % 71.9 62.0 55.9 0.01 0.49 

Cell number 38.8 35.6 33.3 0.04 0.49 
1Healthy = no diagnosis of clinical disease; Single disease = diagnosis of a single clinical disease in early lactation; 
Multiple diseases = diagnosis of more than one clinical disease event in early lactation.2Orthogonal contrasts. Effect 
of disease: healthy vs. single disease + multiple diseases; Effect of number of diseases: single disease vs. multiple 
diseases. Data from Ribeiro et al. (2014c). 
 

After ovulation and fertilization of the oocyte 
in the oviduct, embryonic cells derive from cleavages of 
the zygote and stay enclosed the zona pellucida, 
forming a morula by day 4 of development (Spencer et 
al., 2007). These early events are dependent on oocyte 
inherited molecules, and glucose and amino acids 
uptake from the oviduct (Gardner, 1998; Duranthon et 
al., 2008). It is also during this period that the zygote’s 
genome is activated, more precisely at 8-16-cell stage 
transition in ruminants (Duranthon et al., 2008). The 
morula becomes compacted and enters the uterus, where 
the totipotent blastomeres undergo the first cell 
differentiation. Therefore, it is plausible to suggest that 
diseases influence oocyte competence and/or 
oviductal/endometrial support for fertilization and early 
embryo development in dairy cows.   

In a process dependent of cell adhesion, 
polarity, and expression of specific transcription factors, 
the blastomeres from morula differentiate in either inner 

cell mass or trophectoderm cells, forming the blastocyst 
(Duranthon et al., 2008). The spherical blastocyst will 
then expand and hatch from the zona pellucida by day 8 
of development (Spencer et al., 2007). After blastocyst 
shedding from the zona pellucida, trophectoderm cells 
of the spherical blastocyst proliferate and elongate along 
the uterine lumen prior of the initiation of implantation 
(Spencer et al., 2007). In a first moment, the spherical 
embryo stays free-floating into the uterine lumen and 
cell proliferation leads to formation of an ovoid 
conceptus (embryo and associated extra-embryonic 
membranes) by day 13. Up to this point, endometrial 
physiology is coordinated mainly by progesterone and 
there is no distinction between the endometrium of a 
pregnant and a nonpregnant female (Bauersachs and 
Wolf, 2013). Around day 14, however, the 1-mm ovoid 
conceptus starts to elongate by intensive proliferation of 
trophoblast cells and become a 12-cm filamentous 
structure by day 17. This process of conceptus
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elongation is dependent of histotroph secretion by the 
glandular epithelium of the endometrium (Gray et al., 
2000). Concurrent with conceptus elongation, the highly 
active trophoblast cells secrete bioactive products that 
affect endometrial physiology, establishing a complex 
crosstalk between the two tissues that coordinate critical 
events for pregnancy establishment, formation of a 
functional placenta, and pregnancy survival to term, 
including: 1) maternal recognition of pregnancy by 
secretion of interferon-τ; 2) establishment of a 
servomechanism of conceptus nourishment; 3) 
differentiation of binucleated trophoblast cells; and 4) 
immunomodulation of the maternal immune system in 
the endometrium to avoid conceptus rejection (Spencer 
et al., 2007; Bauersachs and Wolf, 2013). These 
aforementioned events highlight the importance, 
complexity, and potential reasons for developmental 

failures during conceptus elongation. Not surprisingly, 
on average 33% of viable blastocysts fail to elongate 
and establish a healthy pregnancy in dairy cows 
(Ribeiro et al., 2014c). 

Results from conceptuses collected on day 15 
to 16 after AI from 198 lactating dairy cows that had a 
synchronized ovulation (progesterone <1 ng/mL on the 
day of AI, and >1 ng/mL on days 7 and 15 after AI) 
indicated that cows with clinical diseases had similar 
pregnancy, but marked reduction in development (Table 3; 
Ribeiro et al., 2014c). Conceptuses of cows with 
clinical disease were less developed and secreted less 
interferon-τ in the uterine lumen compared with those 
from healthy cows, which suggests impaired signaling 
for maternal recognition of pregnancy and establishment 
of crosstalk between conceptus and endometrium for 
pregnancy establishment.  

 
Table 3. Impact of health problems during early lactation on embryo quality in dairy cows. 

 Group1 P2 

Item Healthy 
Single 
disease 

Multiple 
diseases 

Disease 
Number of 

diseases 

Number 114 64 20 --- --- 

Pregnant day 15, % 47.7 52.9 53.9 0.58 0.88 

Interferon-τ, pg/mL 404.9 184.3 29.2 < 0.01 0.06 

Size, mm 25.1 17.5 16.9 < 0.01 0.23 

Progesterone day 7, ng/mL 3.3 3.5 3.3 0.84 0.71 
1Healthy = no diagnosis of clinical disease; Single disease = diagnosis of a single clinical disease in early lactation; 
Multiple diseases = diagnosis of more than one clinical disease event in early lactation.2Orthogonal contrasts. Effect 
of disease: healthy vs. single disease + multiple diseases; Effect of number of diseases: single disease vs. multiple 
diseases. Data from Ribeiro et al. (2014c). 
 

To investigate the carryover effects of diseases 
on the biology of trophectoderm cells during elongation, 
22 conceptuses,12 from day 15 and 10 from day 16 after 
AI, were subjected to transcriptome analysis using the 
Affymetrix GeneChip Bovine Genome Array (Ribeiro 
et al., 2014b). Half of the conceptuses on each day were 
recovered from cows affected by diseases postpartum 
and the other half from cows that were not affected by 
diseases from parturition until the day of uterine 
flushing. Conceptuses subjected to this analysis were 
similar in size, and the analysis revealed few changes in 
transcript expression, although some of the transcripts 
differently expressed are likely important for conceptus 
elongation and maintenance of pregnancy that could 
explain the phenotypic differences observed in embryo 
development and pregnancy outcome. 

On day 15 after AI, only 7 transcripts were 
differently expressed (Ribeiro et al., 2014b). Among them, 
the fatty acid translocase cluster of differentiation (CD) 
36 had the greatest difference in mRNA abundance. The 
trophectoderm cells of conceptuses recovered from cows 

affected by diseases postpartum did not express CD36, but 
the same gene was relatively highly expressed in 
conceptuses from healthy cows. CD36 is a scavenger 
receptor related to cell adhesion and fatty acid uptake, two 
important cellular events during conceptus elongation 
(Ribeiro et al., 2014b). In fact, lipid metabolism seems to 
be an essential cellular function in conceptus elongation 
(Ribeiro et al., 2014b). Thus, the lack of expression of 
CD36 in conceptuses recovered from cows that suffered 
diseases might be related with their impaired elongation. 
On day 16 after AI, 35 transcripts were differently 
expressed (Ribeiro et al., 2014b). Among those, there was 
upregulation of transcripts of major histocompatibility 
complex (MHC) I and II, and proteins associated with 
inflammatory process such as lactotransferrin, serum 
amyloid A3, and S100 calcium binding protein A12 in 
conceptus recovered from cows affected by diseases. 
Transcript expression of MHC has been reported to be 
reduced as the conceptus elongate (Ribeiro et al., 2014b), 
which could be a mechanism to minimize the presentation 
of paternal alloantigens and the risk of tissue rejection by
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the maternal immune system as reported in other species 
(Bainbridge, 2000). In fact, bovine clone embryos have 
been reported to have greater expression of MHC, which is 
believed to be one of the reasons for the greater incidence 
of pregnancy losses when transferred into recipients 
(Davies et al., 2004). Thus, greater expression of MHC 
molecules might be related to the greater pregnancy loss 
observed in cows affected by clinical diseases. On the 
other hand, the greater expression of inflammatory proteins 
might be related to altered uterine environment caused by 
diseases, but consequent importance and physiological 
responses remain unclear. 

The gestation period between early 
implantation and early pregnancy diagnosis is not well 
studied in cattle. The lack of detailed information is 
probably caused by the inability to examine conceptuses 
at this period without slaughtering cows. Measuring 
peripheral responses to pregnancy might be a non-
invasive alternative for comparative studies with large 
number of animals (Ribeiro et al., 2014a). Recent 
studies demonstrated that interferon-τ produced by 
trophectoderm cells reaches the maternal circulation 
(Oliveira et al., 2008) and induces expression of 
interferon-stimulated genes (ISGs) in leukocytes (Ott 
and Gifford, 2010), which parallels the total amount of 
interferon-τ in utero (Matsuyama et al., 2012). In 
addition, pregnancy associated glycoproteins (PAG) 
secreted by binucleated cells in early placentation such 
as pregnancy-specific protein B (PSPB) are abundantly 
expressed and can be detected in peripheral blood 
(Sasser et al., 1986). Both expression of ISGs in 
leucocytes and concentration of PSPB in plasma during 
the peri-implantation period have been associated 
positively with pregnancy establishment and 
maintenance in dairy cows and can be used as non-
invasive methods to study the bovine pregnancy at 
peri-implantation stages (Ribeiro et al., 2014a). 

To investigate the effect of diseases on 
peripheral responses to pregnancy, blood samples from 
481 lactating cows were collected on days 19, 26, 30 
and 37 after first insemination postpartum. Samples 
from day 19 had leukocytes isolated for analysis of gene 
expression, and the remaining samples had plasma 
harvested for measurement of PSPB concentration. 
Incidence of diseases was recorded and cows were 
classified as having or not suffered from clinical 
diseases from parturition until pregnancy diagnosis on 
day 34 after AI (Ribeiro and Santos, 2014, Department 
of Animal Sciences, University of Florida, Gainesville, 
FL, USA, unpublished results). There were no evident 
differences in concentrations of PSPB in plasma of 
healthy cows and those affected by clinical diseases. 
However, transcriptome analysis of leukocytes from 
36 lactating cows, half healthy and half diseased, 
revealed distinct responses to pregnancy. There were 14 
and 10 transcripts differently expressed between 
pregnant and nonpregnant cows in the healthy and 
diseased groups, respectively, and only one interferon 

stimulated gene (IFI6, Interferon alpha-inducible protein 
6) was common. In pregnant cows, disease influenced 
the expression of 12 transcripts, whereas in nonpregnant 
cows, disease influenced the abundance of 3 transcripts 
in leukocytes. Pregnancy in healthy cows upregulated 
transcripts commonly reported to be affected by the 
conceptus such as RTP4, MX1, MX2, OAS1, whereas a 
different set of genes was upregulated by pregnancy in 
the disease group. These findings are likely related with 
distinct conceptus elongation and secretion of 
interferon-τ described previously and the relevance of 
these findings need further investigation. 

Collectively, it is clear that a negative 
association between health problems and early embryo 
development exists. Fertilization and cleavage, morula 
development, conceptus elongation and embryo survival 
are negatively affected by diseases. These processes 
involve changes in the transcriptome of the conceptus 
and cells influenced by the conceptus, but likely in 
many other reproductive tissues.  
 

Negative nutrient balance impacts health and 
reproduction in dairy cows 

 
Increased nutrient needs associated with 

suppression of appetite generally drive dairy cows into a 
state of NEB, which is often observed during the last 
week of gestation and the first 1 to 2 months 
postpartum. Under normal conditions, dry matter intake 
(DMI) increases from 9.6 kg/day during the week 
preceding parturition to more than 22 kg/day at 11 weeks 
postpartum (Reynolds et al., 2003). In contrast, caloric 
requirements are only partially met by feed 
consumption during the first weeks postpartum. 
Consequently, high-producing dairy cows experience 
NEB during the first 4 to 6 weeks postpartum, which 
often averages -5 Mcal of net energy/day, the equivalent 
of approximately 1 kg of body weight loss/day (i.e. 30 
to 50 kg of body weight loss in the first 6 weeks of 
lactation), mostly from adipose tissue. Reduced 
circulating concentrations of glucose and insulin up-
regulate the lipolytic signals that result in hydrolysis of 
stored triglycerides in adipose tissue and increase 
availability of NEFA to be used as an energy source. 
The liver removes a fraction of the NEFA from blood 
and uptake of NEFA depends on the type of fatty acid 
present in the circulation (Mashek and Grummer, 2003). 
Re-esterification to triglycerides in the hepatocytes and 
ketogenesis increase when uptake of NEFA by the 
hepatic tissue is excessive. 

Energy balance during early lactation has been 
positively associated with reproductive performance of 
dairy cows (Butler, 2003). Severity and duration of 
NEB can be estimated by changes in body condition 
score (BCS). Cows losing more body condition during 
the first 65 days postpartum were more likely to be 
anovular at the end of the voluntary waiting period, had 
decreased pregnancy per AI, and increased risk of
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pregnancy loss after the first AI postpartum (Santos et 
al., 2009). Using circulating concentration of NEFA as 
an indicator of the energetic status of grazing dairy 
cows in the first 2 weeks postpartum, Ribeiro et al. 
(2013) reported that cows in NEB (NEFA ≥0.7 mM) 
were less likely to resume ovarian cyclicity before 50 days 
postpartum and to become pregnant to the first AI of the 
breeding season. Others have reported similar results in 
dairy herds managed in confinement (Walsh et al., 
2007; Santos et al., 2010a; Ospina et al., 2010b).  

Rate of pregnancy during the first 70 days of 
breeding was 16% less for cows with blood NEFA 
≥0.7 mM than for those with concentrations below this 
threshold (Ospina et al., 2010b). Ketosis resulting from 
extensive fat mobilization also has been associated with 
compromised fertility. Both the relative circulating 
concentration of β-OH-butyrate (BHBA) and the duration 
of elevated BHBA concentrations were associated 
negatively with the probability of pregnancy following 
the first postpartum AI (Walsh et al., 2007). In fact, 
for every 100 µM increase in BHBA concentration 
during the first and second weeks after calving, the 
proportions of pregnant cows at first AI were reduced 
by 2 and 3%, respectively. Furthermore, rate of 
pregnancy by 70 days after the end of the voluntary 
waiting period was 13% less among cows with blood 
BHBA concentration ≥ ~1.0 mM compared with 
herdmates with BHBA below 1.0 mM (Ospina et al., 
2010b). In fact, as the prevalence of cows with elevated 
concentrations of serum NEFA or BHBA increased, 
reproductive performance declined (Ospina et al., 2010a). 
In the latter study, the 21-day cycle pregnancy rate 
declined by 0.9 percentage units in herds in which more 
than 15% of the sampled cows had serum NEFA 
concentration ≥0.7 mM, and by 0.8 percentage units if 
more than 15% of the sampled cows had serum BHBA 
concentrations ≥1.15 mM. Therefore, circulating 
concentrations of these metabolites can be used as 
indicators of excessive lipid mobilization, which impairs 
fertility. 

Reduced fertility associated with low nutrient 
intake and NEB is, at least in part, mediated by the 
damaging effects on immunity and postpartum health. 
Exposing immune cells in vitro to NEFA at concentrations 
compatible with those observed in high-producing 
postpartum dairy cows (0.12 to 1 mM) reduced function 
and viability. Increasing the concentration of NEFA in the 
culture media impaired the synthesis of interferon-γ and 
IgM by peripheral blood mononuclear cells (Lacetera et 
al., 2004). Furthermore, NEFA reduced phagocytosis-
dependent oxidative burst in polymorphonuclear 
leucocytes (Scalia et al., 2006). When concentrations of 
NEFA in the culture medium were further increased 
to 2 mM, polymorphonuclear oxidative burst was not 
altered, but more leukocytes underwent necrosis, thereby 
impairing function. Not only NEFA, but also BHBA has 
been implicated with immunosuppression in postpartum 
dairy cows. Incubation of bovine neutrophils with 

increasing concentrations of BHBA reduced phagocytosis, 
extracellular trap formation, and killing (Grinberg et al., 
2008). In vivo observations support the 
immunosuppressive effects of NEB. Cows in severe 
NEB had increased concentrations of NEFA and BHBA 
in plasma, which was associated with decreased 
leukocyte numbers (Wathes et al., 2009). It is likely that 
cows that are unable to recover feed consumption after 
parturition, and therefore, remain in more severe NEB, 
are more susceptible to diseases. It is known that 
reduced nutrient intake and NEB even before calving 
are associated with poor uterine recovery from 
parturition and the occurrence of uterine diseases 
(Hammon et al., 2006). These observations seem to be 
linked with changes in patterns of endometrium gene 
expression mediated by the energetic status of the cows. 
Wathes et al. (2009) evaluated global gene expression of 
the endometrium of cows at 2 weeks postpartum. They 
reported that several transcripts linked with inflammation 
and active immune response were upregulated in cows 
undergoing severe NEB compared with those exhibiting a 
more modest caloric deficit, suggesting a delay in uterine 
involution. In addition, cows that developed uterine 
diseases early postpartum had greater concentrations of 
NEFA and BHBA in blood around calving than healthy 
cows (Hammon et al., 2006; Galvão et al., 2010). It is 
important to highlight that occurrence of diseases early 
postpartum can further accentuate the adverse effects of 
NEB, as sick cows have reduced appetite and often times 
lose more body weight than healthy cows. 

In addition to the changes in energy 
balance, circulating concentrations of antioxidants such 
as β-carotene, and vitamins A (retinol) and E (α-
tocopherol) also are regulated temporally and decrease 
during the periparturient period (Goff et al., 2002). As 
these compounds play important roles in immune 
function, low concentrations of these vitamins have 
been associated with increased susceptibility to disease 
and, potentially, with reduced fertility in dairy cows. 
Prepartum circulating β-carotene and, more importantly, 
vitamin E were reduced in cows that retained their 
placenta than for healthy cows (LeBlanc et al., 2004). In 
fact, for every 1 μg/mL increase in circulating vitamin E 
during the week preceding parturition, the risk of 
retained placenta decreased by 21%. Furthermore, the 
decrease in circulating concentrations of β-carotene, 
vitamin A, and vitamin E associated with parturition 
was more accentuated among cows that developed 
mastitis during the first 30 days postpartum than among 
healthy cows (LeBlanc et al., 2004). During the last week 
prepartum, a 100 ng/mL increase in circulating vitamin A 
concentration was associated with a 60% decrease in the 
risk of clinical mastitis (LeBlanc et al., 2004). 
 

Impact of energy balance on oocyte competence 
 

During lactation, most of the glucose produced 
by the liver is used for synthesis of lactose to support
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 milk production. A transient insulin resistance early 
postpartum diminishes utilization of glucose by 
peripheral tissues to secure its availability for the 
mammary gland. Although the follicle is capable of 
controlling fluctuations in glucose availability, which 
generally results in concentrations in the follicular fluid 
greater than those observed in blood, intrafollicular 
glucose concentrations also decrease around parturition 
(Leroy et al., 2004). It has been shown that glucose is 
critical for adequate oocyte maturation, affecting 
cumulus expansion, nuclear maturation, cleavage, and 
subsequent blastocyst development. In fact, glucose 
concentrations compatible with those observed in cows 
suffering from clinical ketosis (1.4 mM) reduced rates 
of cell cleavage and the proportion of embryos 
developing to blastocysts (Leroy et al., 2006). Although 
the oocyte does not directly use glucose as an energy 
source, it must be readily available to cumulus cells for 
glycolysis to provide pyruvate and lactate, oocyte’s 
preferred substrates for ATP production (Cetica et al., 
2002). Therefore, it is possible that hypoglycemia 
during early lactation might compromise oocyte 
competence in dairy cows. 

Follicular fluid is derived from blood 
originating from capillaries in the theca cells by osmotic 
pressure (Rodgers and Irving-Rodgers, 2010). 
Production of hyaluronan and proteoglycan by 
granulosa cells creates an osmotic gradient that draws 
fluid from the thecal vasculature through the thecal 
interstitium, the follicular basal lamina and the mural 
granulosa cells (Rodgers and Irving-Rodgers, 2010). As 
fluid accumulates in the antrum, it bathes the cumulus 
cells and the oocyte. Changes in nutrient supply that 
lead to either hypo- or hyperglycemia may influence 
lipid metabolism and alter composition of follicular 
fluid. For instance, hyperglycemic insults influence the 
composition of the follicular fluid, which may lead to 
long-term negative effects on oocytes by altering 
nuclear maturation (Jungheim et al., 2010; Sutton-
McDowall et al., 2010). 

Extensive fat mobilization and the release of 
large amounts of NEFA into the bloodstream have been 
shown to be associated with fertility of postpartum dairy 
cows. Concentrations of NEFA in the follicular fluid 
parallel those of serum, and they increase around 
parturition (Leroy et al., 2005). Maturation of oocytes in 
vitro in the presence of saturated fatty acids reduced 
oocyte competence and compromised the initial 
development of embryos. Specifically, addition of 
palmitic and stearic acids to the maturation media 
induced apoptosis and necrosis of cumulus cells, 
impaired fertilization, cleavage, and development to the 
blastocyst stage (Leroy et al., 2005). Changes in 
circulating concentrations of BHBA are promptly 
reflected in follicular fluid (Leroy et al., 2004). In vitro 
models developed to study the effects of subclinical 
ketosis on fertility of dairy cows, however, have failed 
to demonstrate a direct effect of BHBA on oocyte 

competence, which seems only to aggravate responses 
to low concentrations of glucose during oocyte 
maturation (Leroy et al., 2006). Therefore, it is 
proposed that the oocyte is vulnerable to potential 
harmful effects of an altered biochemical milieu in the 
follicular micro-environment (Leroy et al., 2012). 
 

Energy balance and ovarian function postpartum 
 

The stage set by NEB modulates the activity of 
the hypothalamic-pituitary-ovarian axis. Undernutrition 
has been linked to the inability of the hypothalamus to 
sustain high frequency of luteinizing hormone (LH) 
pulses by the pituitary gland (Schillo, 1992). Indeed, LH 
pulse frequency was shown to be positively correlated 
with energy balance and negatively correlated with 
blood NEFA concentration (Kadokawa et al., 2006). 
The underlying mechanism by which NEB reduces LH 
release is likely to involve the supply of oxidizable fuels 
to neurons and hormonal modulation of hypothalamic 
and pituitary cells (Schneider, 2004). Glucose is a 
preferred substrate for neuron energy metabolism and 
inadequate supply of glucose inhibits the GnRH pulse 
generator (Schneider, 2004). Under a favorable 
nutritional status, the hormonal milieu to which the 
hypothalamus and pituitary gland are exposed favors the 
release of GnRH and gonadotropins. For instance, 
leptin, a hormone known to have increased 
concentrations during positive energy balance, 
stimulates release of GnRH by the hypothalamus, and 
blood leptin was found to be strongly correlated with 
both LH pulse frequency and amplitude (Kadokawa et 
al., 2006). In addition to low LH support, cows in NEB 
have limited hepatic expression of growth hormone 
(GH) receptor 1A triggered by low circulating 
concentrations of insulin (Butler et al., 2003, 2004). 
This phenomenon uncouples the GH insulin-like growth 
factor (IGF) 1 axis, which reduces the synthesis of IGF-1 
by the liver. Reduced concentrations of IGF-1 in blood 
have been associated with diminished follicle sensitivity 
to LH, follicle growth, and steroidogenesis (Lucy et al., 
1992; Butler et al., 2004). Conversely, increase in 
circulating concentrations of insulin as energy balance 
improves seems to be one of the signals to reestablish 
GH receptor expression in the liver and restore IGF-1 
synthesis in dairy cows (Butler et al., 2003). Restricting 
follicular growth and synthesis of estradiol delay 
resumption of postpartum ovulation and might 
compromise oocyte quality, which likely hampers 
expression of estrus and pregnancy in dairy cows. 

In addition to extensive nutrient shortage, high 
producing dairy cows also undergo extensive ovarian 
steroid catabolism. This is thought to be mediated by the 
high DMI and subsequent increased splanchnic blood 
flow (Sangsritavong et al., 2002). Hepatic blood flow 
doubles during the first 3 months postpartum 
averaging 1,147 L/h in the week preceding parturition 
and 2,437 L/h in the third month postpartum (Reynolds
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 et al., 2003). Increased clearance of ovarian steroids 
can have important implications to the reproductive 
biology of dairy cows and indirectly influence follicle 
development (Wiltbank et al., 2006), therefore, 
affecting oocyte quality and subsequent embryo 
development. Progesterone-induced uterine histotroph 
secretion is critical for the nourishment and elongation 
of the bovine conceptus (Robinson et al., 2006). 
Therefore, an increase in the rate of progesterone 
clearance is expected to result in a slower rise in 
progesterone concentrations after insemination, 
reducing embryo development (Robinson et al., 2006), 
which has implications for pregnancy maintenance. 
Similarly, reduced circulating concentrations of 
estradiol because of hepatic catabolism in cows with 
high DMI can result in a shorter and less intense estrus 
period (Lopez et al., 2004). In addition, estradiol 
catabolism requires follicles to grow for longer periods 
of time to be able to trigger estrus and ovulation (Sartori 
et al., 2004; Wiltbank et al., 2006). Longer periods of 
follicular dominance reduce embryo quality (Cerri et 
al., 2009a) and pregnancy per AI in cows inseminated 
on estrus (Bleach et al., 2004) or following timed AI 
(Santos et al., 2010b). 
 

Calcium homeostasis and uterine health early 
postpartum 

 
Control of blood concentrations of total Ca and 

Ca2+ is critical to maintain normal muscle contractility, 
transmission of nerve impulses, and immune function. 
Nonetheless, homeostatic controls during early lactation 
might not prevent decreases in Ca concentrations during 
the first week postpartum. Amount of Ca secreted in 
colostrum on the day of calving is almost 8 to 10 times 
the entire serum Ca pool in a dairy cow (Goff, 2004). 
Therefore, it is no surprise that most cows undergo a 
period of subclinical hypocalcemia and a proportion of 
them develop milk fever. In fact, surveys in the US 
indicate that 25, 41, 49, 51, 54, and 42% of cows in 
their first through sixth lactation are hypocalcemic 
(Ca <8 mg/dL or 2 mM) during the first 48 h after 
calving (Reinhardt et al., 2011). In order to maintain 
postpartum serum total Ca and Ca2+ concentrations, 
dairy cows must increase bone remodeling for Ca 
resorption or increase intestinal Ca absorption. 

Impact of milk fever on the health of dairy 
cows is very conspicuous, as it can result in downer 
cows and death if left untreated. Nevertheless, milder 
depressions of serum Ca concentrations are often not 
diagnosed and can have a pronounced negative effect on 
postpartum health and fertility. Recently, Martinez et al. 
(2012) observed that cows with serum Ca <8.59 mg/dL 
during at least 1 of the first 3 days postpartum had 
reduced neutrophil phagocytic and killing activities in 
vitro, increased odds of developing fever (adjusted odds 
ratio [OR] = 3.5; 95% confidence interval [CI] = 1.1 to

11.6) and metritis (adjusted OR = 4.5; 95% CI = 1.3 to 
14.9). These associations were observed for cows 
considered to be of large and small risk of developing 
metritis based on calving problems (Martinez et al., 
2012). Ionized Ca is an important second messenger in 
cellular signal transduction. Fluctuations in intracellular 
Ca2+ concentrations are critical to activate immune cells 
(Lewis, 2001). Cows with retained placenta have 
reduced neutrophil function (Kimura et al., 2002). 
Intracellular stores and flux of Ca2+ in response to cell 
activation are reduced in lymphocytes of dairy cows 
with milk fever (Kimura et al., 2006). 

To reiterate the findings by Kimura et al. 
(2006), recent work by our group (Martinez et al., 2014b) 
demonstrated that induction of subclinical hypocalcemia 
compromises innate immunity (Fig. 1). Holstein dry cows 
were subjected to a normocalcemic (Ca2+ >1.1 mM) or a 
subclinical hypocalcemic (Ca2+ <1.0 mM) treatment 
for 24 h. The induction of subclinical hypocalcemia was 
accomplished by continuous infusion of a solution 
containing 5% ethylene glycol tetraacetic acid (EGTA), 
a specific chelating agent for Ca2+. Normocalcemic 
cows received saline i.v. and an oral bolus of 43 g of Ca 
at 0 and 12 h after initiating the infusion. Heart and 
respiratory rates, rectal temperature, and rumen 
contractions were measured during and after infusion at 
6- to 12-h intervals. Ionized Ca, K, Mg, and blood pH 
were evaluated at 0 h, hourly during the infusion period, 
and at 24, 48 and 72 h after the infusion to monitor 
Ca2+. In addition, DMI, neutrophil function, and white 
blood cell differential count were evaluated at 0, 24, 
48 and 72 h after treatments. As expected, infusion of a 
5% EGTA solution successfully induced subclinical 
hypocalcemia in cows (0.78 ± 0.01 vs. 1.27 ± 0.01 mM 
Ca2+) during 23 h. No differences were detected in heart 
and respiratory rates, rectal temperature, and white 
blood cell counts between subclinical hypocalcemia and 
normocalcemic cows. On the day of infusion, cows 
induced to have subclinical hypocalcemia had lesser K 
(2.92 ± 0.07 vs. 3.47 ± 0.07 mM) and greater Mg 
(0.94 ± 0.03 vs. 0.68 ± 0.03 mM) in blood. The 
decrease in blood Mg was likely caused by 
supplemental oral Ca in normocalcemic cows. 
Subclinical hypocalcemic cows had reduced (P < 0.01) 
DMI on the day of infusion (5.1 vs. 10.0 kg/d) and 
decreased (P = 0.01) rumen contractions every 2 min 
(1.7 vs. 2.7) during the second half of the infusion 
period. Cows induced to have subclinical hypocalcemia 
had a reduced percentage of neutrophils with phagocytosis 
(79.9 ± 8.8 vs. 119.2 ± 13.0, % baseline) and oxidative 
burst (80.2 ± 17.9 vs. 140.3 ± 17.9, % baseline), evident 
at 24 h after the end of the infusion (Fig. 1; Martinez et 
al., 2014b). It was concluded that subclinical 
hypocalcemia compromises DMI, rumen function, and 
innate immunity, all of which likely related to the 
immunosuppression observed in cows at calving and 
increased risk of uterine diseases in cows with marginal 
blood Ca (Martinez et al., 2012). 
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Figure 1. Blood Ca2+ concentrations (upper left), dry matter intake (upper right), rumen contractions (bottom left), and neutrophil killing of Escherichia coli (bottom right) 
of cows subjected to normocalcemia (NC; n = 10) or induced subclinical hypocalcemia (SCH; n = 10). Cov = mean of measurements taken during 48 h preceding 
treatments and used for covariate adjustment of data during statistical analyses. * = within day or hour treatments differ (P < 0.05); = within day or hour treatments tend 
(P < 0.10) to differ. Data from Martinez et al. (2014b). 
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Collectively, these data indicate that Ca status 
is linked with immune cell function and plays a role in 
the risk of uterine diseases of dairy cows. Cows 
suffering from uterine diseases have delayed postpartum 
ovulation, reduced pregnancy per AI, and increased 
pregnancy loss (Santos et al., 2010a). In fact, reduced 
serum Ca concentrations immediately before or after 
calving reduced pregnancy at first AI in lactating dairy 
cows (Chapinal et al., 2012), and impaired pregnancy 
rate (Martinez et al., 2012). 

 
Management of transition cows to improve 

periparturient health and fertility 
 

The multifactorial nature of reproduction 
requires a “holistic” and integrated approach to 
management from housing to feeding and breeding, 
such that risk of periparturient diseases are reduced and 
pregnancy is improved. 

 
Cow movement and dry period duration 
 

Regrouping of cows induces social behaviors 
that oftentimes disturb feeding and resting patterns, 
thereby resulting in a temporary increase in aggression 
concurrently with a reduction in DMI (von Keyserlingk 
et al., 2008). Therefore, regrouping cows upon 
imminent calving is not advised as it would further 
suppress intake and increase the risk of ketosis and fatty 
liver. The question of when cows can and cannot be 
moved, however, still remains. Recent work from 
Wisconsin refuted the concept that weekly addition of 
cows to the close-up group is detrimental to postpartum 
metabolism and production (Coonen et al., 2011). A 
recent study by the Minnesota group (Silva et al., 2013) 
reinforced the findings of Coonen et al. (2011) and 
indicated that weekly regrouping of cows had no impact 
on subsequent lactation so long as stall availability, 
bunk space, and 3 to 4 weeks in the close-up group were 
offered to cows. It seems that when appropriate 
feedbunk space and number of stalls are available, 
transition cows can adapt to the weekly regrouping. 

A strategy to improve postpartum intermediary 
metabolism is to manipulate the duration of the dry 
period. Reducing the dry period from 55 to 34 days 
increased BCS between 2 and 8 weeks postpartum and 
reduced the concentrations of plasma NEFA at week 3 
postpartum (Watters et al., 2008), suggesting improved 
postpartum energy status. When energy balance was 
measured, cows subjected to a 28-day dry period had a 
less severe NEB postpartum, which resulted in reduced 
BCS and body weight losses compared with cows 
having the traditional 56-day dry period (Rastani et al., 
2005). Some of the benefit to a less NEB is the result of 
less milk production, particularly in cows starting their 
second lactation (Watters et al., 2008; Santschi et al., 
2011a). Improved energy balance with a short dry 
period likely explains the earlier first postpartum 

ovulation and reduction in anovular cows (Gümen et al., 
2005; Watters et al., 2009). Despite changes in energy 
status and an earlier resumption of estrous cycles, cows 
with dry periods of 28 to 35 days had similar 
reproductive performance to those with a standard 8-
week dry period (Gümen et al., 2005; Watters et al., 
2009; Santschi et al., 2011b). Nevertheless, in 
observational studies, extending exposure of cows to the 
prepartum diet was associated with reduced number of 
days open and increased proportion of pregnant cows at 
weeks 6 and 21 after the initiation of the breeding 
season (DeGaris et al., 2010). 

 
Prepartum diet formulation 
 

Altering prepartum caloric intake influences 
postpartum metabolism in dairy cows. Ad libitum 
nutrient intake during the entire dry period tended to 
increase prepartum body weight and BCS and 
predispose cows to increased lipid mobilization during 
early lactation (Douglas et al., 2006). Several studies 
have evaluated the impact of manipulating the energy 
density of the prepartum diet on postpartum 
performance. In some cases, nutrient intake was 
restricted not by altering the diet formulation but by 
limiting the amount of feed offered. Bisinotto et al. 
(2011) summarized data from several studies in which 
the caloric intake prepartum was manipulated. In 
general, restricting nutrient intake resulted in an average 
reduction of 2 kg/day of fat-corrected milk, with minor 
effects on plasma concentrations of BHBA. In some 
studies, high caloric intake resulted in greater 
triacylglycerol accumulation in the liver (Douglas et al., 
2006; Janovick et al., 2011) because of greater fat 
mobilization measured as plasma NEFA. The increased 
postpartum lipid mobilization is likely the result of 
increased milk yield without a concurrent increase in 
DMI. Therefore, restricting prepartum caloric intake can 
be used to minimize lipid mobilization and 
triacylglycerol accumulation in the liver, but at the 
expense of milk production. 

Altering protein content of the prepartum diet 
has little impact on performance of postpartum 
multiparous cows; however, increasing prepartum dietary 
protein from 12.7 to 14.7% of the diet DM with a high 
ruminally undegradable protein source enhanced milk 
production in primiparous cows (Santos et al., 2001). 
Nonetheless, dietary protein fed prepartum had negligible 
impacts on measures of reproduction. Time to resumption 
of postpartum ovulation, days open, and pregnancy per 
AI were not affected by prepartum dietary protein 
concentration. Similarly, incidence of diseases 
postpartum was not affected by prepartum dietary 
protein. Therefore, diets for cows during the last weeks of 
gestation should contain between 12% (multiparous 
cows) and 15% (primigravid cows) crude protein to result 
in an estimated 1 kg/day of metabolizable protein intake 
(National Research Council, 2001). 
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Increasing postpartum blood insulin 
 

A number of studies have demonstrated the 
importance of insulin as a signal mediating the effects 
of acute changes in nutrient intake on reproductive traits 
in dairy cattle. Feeding more dietary starch or enhancing 
ruminal fermentability of starch in the diet usually 
results in increased plasma insulin concentrations. 
Insulin mediates recoupling of the GH and IGF-1 axis 
(Butler et al., 2003), which is important for follicle 
development and ovulation. Gong et al. (2002) fed cows 
of low- and high-genetic merit isocaloric diets that 
differed in the ability to induce high or low insulin 
concentrations in plasma. Feeding the high-starch diet 
reduced the interval to first postpartum ovulation and 
resulted in a greater proportion of estrous cyclic cows 
by 50 days postpartum. Nevertheless, this response has 
not been consistent (Garnsworthy et al., 2009). It is 
important to remember that although diets high in starch 
favor increases in plasma insulin, excessive amounts of 
readily fermentable starch has the potential to suppress 
DMI and offset any potential benefits of dietary 
manipulation on ovarian function. 

 
Altering hepatic lipid metabolism 
 

During periods of extensive fat mobilization, 
fat accumulates in the hepatic tissue. In early lactating 
cows with relatively low plasma NEFA concentrations 
(0.36 mM), the liver extracted 724 g of NEFA from 
blood during a 24-h period (Reynolds et al., 2003). 
Thus, in cows with concentrations of NEFA >1 mM, as 
those with extensive lipid mobilization immediately 
after calving, the liver might remove as much as 2 kg of 
NEFA per day, the equivalent of 20% of its weight. 
Most of the NEFA reaching the liver are oxidized for 
energy production or converted into BHBA, with a 
smaller contribution for synthesis of very low-density 
lipoprotein (VLDL). The bovine liver has limited 
capacity to synthesize and secrete VLDL, thereby 
compromising export of triacylglycerol during periods 
of extensive hepatic NEFA uptake. The resulting 
hepatic lipidosis has been associated with retained 
placenta, ketosis, displaced abomasum, and impaired 
immune function and reproduction (Jorritsma et al., 
2000; Bobe et al., 2004). Thus, reducing the risk of 
lipid-related disorders might improve reproduction of 
dairy cows. Supplementing periparturient dairy cows 
with rumen-protected choline has been used as a 
strategy to improve lipid metabolism and alleviate 
hepatic lipidosis. When feed intake was restricted to 
30% of the maintenance to simulate a period of NEB 
and induce hepatic lipidosis, the supplementation of 
rumen-protected choline reduced triacylglycerol 
accumulation in the liver (Cooke et al., 2007). 
Furthermore, inclusion of supplemental choline in the 
diet from approximately 25 days before to 80 days after 
calving reduced loss of postpartum body condition and 

concentrations of BHBA in plasma, which resulted in 
lower incidence of clinical and subclinical ketosis 
despite the increase in fat-corrected milk (Lima et al., 
2012). Although feeding rumen-protected choline 
reduced morbidity, and improved metabolic health, no 
benefits were observed for reproduction. Supplemental 
rumen-protected choline did not affect the resumption 
of postpartum estrous cyclicity, pregnancy per AI at the 
first and second inseminations, or maintenance of 
pregnancy in the first 60 days of gestation. 

 
Supplementing ionophores to periparturient dairy cows 
 

Ionophores are lipophilic molecules involved 
with ionic transport across cell membranes. Monensin is 
a carboxylic polyether ionophore that has been used in 
animal nutrition because it selectively inhibits gram-
positive bacteria. The shift in the ruminal microbiota 
caused by monensin favors propionate production and N 
conservation by reducing ruminal proteolysis. Feeding 
monensin typically increases blood glucose and insulin 
and reduces the concentrations of NEFA and BHBA in 
blood (Duffield et al., 2008a). In association with 
improved metabolic health, monensin was effective in 
reducing the incidence of ketosis, displaced abomasum, 
and mastitis (Duffield et al., 2008b). When monensin 
was supplemented as a controlled-release capsule, it 
reduced the incidence of metritis (Duffield et al., 
2008b). Surprisingly, feeding monensin to dairy cows 
during the transition period has not been shown to 
hasten resumption of postpartum ovulation, reduce days 
to pregnancy, or increase the rate of pregnancy in spite 
of consistent improvements in metabolic health (Abe et 
al., 1994; Duffield et al., 2008b). 

 
Improving postpartum calcium homeostasis 
 

Improving serum concentrations of Ca during 
early lactation is achieved by enhancing bone mineral 
resorption, intestinal absorption of dietary Ca, and by 
increasing the ionized Ca fraction in blood. A common 
method to improve Ca homeostasis is to manipulate the 
dietary cation-anion difference (DCAD) prepartum 
(Goff et al., 1991; Goff, 2004; Seifi et al., 2010). 
Reducing the DCAD by feeding salts containing strong 
anions decreases blood pH and enhances the affinity of 
the parathyroid hormone (PTH) for the PTH receptor 
present on cells in the bones, intestine, and kidneys 
(Goff, 2004). Although altering the DCAD of the diet 
by feeding strong anions can reduce feed intake during 
supplementation, the improved postpartum Ca 
metabolism often results in greater postpartum feed 
intake (DeGroot et al., 2010). Feeding acidogenic diets 
prepartum did not reduce the incidences of retained 
placenta, lameness, or subclinical ketosis (Seifi et al., 
2010). In contrast, supplementing cows with calcium 
chloride in a gel formulation 12 h before the expected 
calving and at 0, 12, and 24 h after calving reduced the
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incidence of clinical and subclinical hypocalcemia, and 
displacement of abomasum (Oetzel, 1996). Despite the 
benefits of feeding acidogenic diets on Ca homeostasis 
and the link between serum Ca and uterine diseases and 
reproduction in dairy cows (Martinez et al., 2012), 
intervals to first insemination and pregnancy were not 
affected by feeding a low DCAD diet prepartum (Seifi 
et al., 2010). Additional research is needed with 
properly powered experiments to critically evaluate the 
impact of reducing subclinical hypocalcemia by 
manipulating the DCAD of prepartum diets or 
supplementing postpartum Ca on reproductive traits of 
dairy cows. 

Our group has attempted to increase serum 
total Ca and Ca2+ by supplementing Ca orally as boluses 
containing 50% of the Ca as calcium chloride (CaCl2) 
and 50% as calcium sulfate (CaSO4•2H2O). The amount 
of supplemental Ca needed to have appreciable changes 
in blood total and Ca2+ were at least 86 g/day when such 
boluses were used and the increase in blood Ca lasted 
for no longer than 8 h (Martinez et al., 2014a). 
Therefore, if postpartum Ca supplementation is used, it 
is likely that cows must receive at least 80 g/day for 3 to 
4 days to minimize risk of subclinical hypocalcemia 
with the goal of preventing the development of uterine 
diseases. Because reproduction is impaired in cows with 
subclinical hypocalcemia (Martinez et al., 2012), it is 
plausible to suggest that manipulation of the prepartum 
diets to avoid low serum Ca and postpartum 
supplementation of Ca may likely improve uterine 
health and subsequent fertility. 

 
Feeding antioxidants to influence health and 
reproduction 
 

During the immediate postpartum period, the 
cow’s immune system is challenged severely, and the 
innate and humoral defenses are suppressed (Martinez 
et al., 2012). Incidence of diseases and disorders can be 
elevated during this phase of the lactation cycle and 
they have several negative impacts on reproductive 
performance. Reduction in adaptive and innate 
immunity at parturition increases the risk of health 
disorders such as retained placenta, metritis, and 
mastitis. 

Selenium has long been associated with 
immunity. Cattle supplemented with Se-yeast had an 
18% increase of Se in plasma in comparison with cows 
fed sodium selenite in some studies (Weiss, 2003). 
Depending soil type and content, plants can be deficient 
in Se, which reflects in the supply of this mineral to 
cattle. Under the conditions of a Se inadequacy during 
the heat stress season in Florida, supplementing dairy 
cows with an organic source of Se in the form of 
selenized yeast elevated plasma Se concentrations 
compared with sodium selenite (Silvestre et al., 2007). 
Conversely, in 2 subsequent experiments, when the 
same supplementation scheme was applied to cows in a 

Se adequate area, Se concentrations in plasma did not 
differ (Rutigliano, 2006; Rutigliano et al., 2008; Cerri et 
al., 2009b). Measures of innate and humoral immune 
responses, embryo quality, and fertility of dairy cows 
were unaltered by source of Se in the Se-adequate area 
(Rutigliano et al., 2008; Cerri et al., 2009b). 
Nevertheless, selenized yeast improved neutrophil 
function, serum titers against ovalbumin, and uterine 
health in cows in the Se-deficient area (Silvestre et al., 
2007). These findings indicate that responses to 
supplemental antioxidants such as Se in a more 
bioavailable form depend on the Se status of the animal. 

 
Conclusions 

 
It is accepted that reproduction is important for 

the profitability of dairy farms, and health of dairy cows 
during the peripartum period is one of the many 
determinants of reproductive success. Cows that 
experience periparturient problems have delayed return 
to ovulation, reduced pregnancy per AI, and increased 
pregnancy loss. The negative effects on fertility occur at 
multiple stages of gestation, with reduction in 
fertilization, hindered morula and day 15 conceptus 
development, and altered pattern of gene expression in 
conceptus and peripheral tissues influenced by the 
conceptus, which ultimately compromise establishment 
and maintenance of pregnancy in dairy cows. Because 
our understanding of the underlying biology of 
subfertility in cows with diseases is poor, methods to 
mitigate depression in pregnancy have to be holistic and 
attain to minimizing the risk factors that predispose 
cows to diseases. 
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Abstract 
 

The current world population is increasing at a 
fast rate. In order to feed this larger population, food 
production must increase by 70 percent. Recent reports 
show a record global production of 58.9 Carcass 
Equivalent Weight million metric tonnes of beef 
expected for 2014. It becomes clear that the worldwide 
agricultural community will have to integrate new 
technologies to assure the sustainability of global 
livestock and meat demands. Agriculture has benefited 
tremendously from the innovation of reproductive 
technologies such as semen artificial insemination and 
cryopreservation, embryo transfer and cryopreservation, 
and in vitro fertilization. Only recently have some 
developed countries accepted the import and export of 
frozen IVF embryos and more countries are currently 
evaluating this. Before 2003, in vitro embryos 
represented not more than 20% of all embryos 
produced. After 2003, this jumped to 30 to 39% of all 
embryos produced, and is increasing. It is clear that 
South America, and more specifically Brazil, is driving 
this increase. However, most people in this field would 
agree that the trend is true for many regions active in 
this field.  International movement of gametes or 
embryos must be performed in biosecure manners to 
make certain that pathogenic organisms are controlled 
and that transmission of infection to recipient animals 
and progeny is avoided. The embryo transfer industry 
has adopted appropriate procedures to manage the 
biosecurity risks and hence mitigate risks of pathogen 
transmission through international trade of bovine 
embryos. Techniques for biosecure production of in vivo 
bovine embryos have been well established. However, 
as in vitro embryos are relatively new to this business, 
there are not many papers on the subject of pathogen-
interaction with this type of embryo. Certain studies 
demonstrate that the decontamination of in vitro 
embryos using recommended procedures is effective for 
specific pathogens while others have shown that this is 
not as evident in other conditions. All agree that more 
research is needed regarding washing protocols for in 
vitro embryos. It is imperative that the scientific 
community continues its research to validate current 
embryo sanitary washing procedures and recommend 
any modifications that would be necessary for IVF 
embryos. As embryos are becoming an important 
component of international trade of bovine genetics, 
such research must not only continue but augment if key 

parties want to assure they meet the worldwide rising 
need of meat and dairy products.  
 
Keywords: biosecurity, embryo trade, in vitro fertilization.  
 

Introduction 
 
According to a recent press release from the 

United Nations Department of Economic and Social 
Affairs, the current world population is at 7.2 billion 
and projected to increase by almost one billion people 
within the next twelve years, reaching 8.1 billion in 
2025 and 9.6 billion in 2050 (United Nations, 2013). 
Most of the population growth will occur in developing 
regions, which are projected to increase from 5.9 billion 
in 2013 to 8.2 billion in 2050. During the same period, 
the population of developed regions will remain largely 
unchanged at around 1.3 billion people. Growth is 
expected to be most rapid in the 49 least developed 
countries, which are projected to double in size from 
around 900 million inhabitants in 2013 to 1.8 billion in 
2050. Needless to say, feeding the planet is an 
international concern.  

According to a report from the Food and 
Agricultural Organization (FAO), nearly all of the 
population increase will occur in developing countries 
(FAO, 2009). Urbanization will continue at an 
accelerated pace, and about 70 percent of the world’s 
population will be urban (compared to 49 percent 
today). Income levels will be many multiples of what 
they are now. In order to feed this larger, more urban 
and richer population, food production (net of food used 
for biofuels) must increase by 70 percent. Annual cereal 
production will need to rise to about 3 billion metric 
tonnes from 2.1 billion today and annual meat 
production will need to rise by over 200 million metric 
tonnes to reach 470 metric million tonnes. 
 

International trade 
 

What are current livestock and meat 
productions worldwide? For this review, the author will 
focus mainly on beef and dairy data. The USDA 
Foreign and Agricultural Service (2014b) published a 
Livestock and Poultry World Market/Trade Report in 
April 2014 and the results are shown in Fig. 1. The 
USDA forecasts a record global production of 58.9 
Carcass Equivalent Weight (CWE) million metric 
tonnes of beef for 2014. In Fig. 1, only Brazil and India
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have higher production of beef and veal when compared 
to national consumption. In fact, a more favorable 
demand outlook for a wide range of countries such as 
China, Venezuela, Angola, Chile, Saudi Arabia and the 
EU will stimulate greater shipments by Brazil and India. 
For the United States and Australia, significant changes 
in demand and tight supplies will impact trade patterns, 
but not necessarily volumes. Russia on the other hand 
under produces livestock and meat products when 
compared to its national consumption. The livestock and 
meat production in the EU has dropped between 2010 
and 2013. This could be explained by the elevated milk 
price and approaching abolition of the milk quotas in 
2015 which will encourage farmers to retain animals to 
expand their dairy herds. On the other hand, India’s 
production has increased in the same period mainly due 
to increased emphasis on efficiency gains in the dairy 
sector such as the utilization of more nutritious feed. 
Strong global demand and depreciation of the Real has 
bolstered Brazil’s livestock slaughter industry and thus 
facilitate competitive export pricing and improve packer 
margins. As well, the outlook has improved for 
Argentina as its production has risen in 2013 and was 
driven by higher slaughter. Figure 2a and 2b highlights 
the import and export activities of selected countries 
between 2010 and 2013. Figure 2a demonstrates how 
countries such as Russia, Japan, South Korea, EU, 
Canada and USA continue to be big importers of 
livestock and meat. Additionally, countries such as 
China, Hong Kong Venezuela and Chile have increased 

significantly their import activities creating greater 
demand for meat and livestock. Figure 2b highlights 
how countries such as Paraguay, Uruguay, New 
Zealand, USA, and especially Australia, Brazil and 
India, have increased very significantly their export 
activities during the same period.  

Needless to say, with the growing global 
population especially in developing countries, combined 
with the clear evidence of increased demand in certain 
developed countries, the worldwide agricultural 
community will have to integrate new technologies to 
assure the sustainability of global livestock and meat 
demands. Agriculture has benefited tremendously from the 
innovation of reproductive technologies in the last 60 to 70 
years. The first of these was the introduction of Artificial 
Insemination (AI) and semen cryopreservation in the 
1940s and 1950s. This was the first true innovation to 
permit the exportation of animal genetics worldwide in 
a safe and biosecure way. Then embryo transfer (ET) 
and embryo cryopreservation were introduced in the 
1960s and 1970s and thus permitted the trade of not only 
genetics from the sires through semen. Then in the 1980s 
and 1990s, the development of in vitro fertilization (IVF) 
and associated biotechnologies permitted to accelerate the 
production of key genetic crosses. Only recently have 
countries such as Canada, USA, China and the EU 
accepted the import and export of frozen IVF embryos 
and this niche continues to expand as more countries, 
such as Brazil, are currently evaluating the import and 
export of frozen IVF embryos.  

 
 

 
Figure 1. Beef and veal production and consumption for selected countries. 
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Figure 2a. Livestock and meat import activities for selected countries.  
 

 
Figure 2b. Livestock and meat export activities for selected countries.  
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Australia and the past chair was Dr. Brad Stroud from 
the USA. This committee published the 2012 statistics 
of embryo collection and transfer in domestic farm 
animals report and data relevant to this review are 
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Figure 3a and 3b detail the number of in vivo and in 
vitro embryos produced between the years 1997 and 
2012 for different regions worldwide. For in vivo
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embryo production, North America remains the region 
with the most production followed by Asia, Europe and 
South America as the other active regions (Fig. 3a). As 
for in vitro embryo production, South America clearly is 
the region with the most growth followed by North 
America and Asia (Fig. 3b). It is important to note that 
the data retrieved by this committee relies on the 
voluntary involvement of the representatives of each 
region. Thus, the decrease for Asia in 2012 probably 
reflects a lack of access to in vitro embryo production 
data rather than a reduction of these activities as seen on 
Fig. 3b. Figure 3c highlights the worldwide in vivo vs. 

in vitro embryo production for the same time periods. 
Before 2003, in vitro embryos represented not more 
than 20% of all embryos produced. After 2003, this 
jumped to 30 to 39% of all embryos produced, and 
increasing! It is clear that South America, and more 
specifically Brazil, is driving this increase. However, 
most people in this field would agree that the trend is 
true for many regions active in this field. In fact, North 
America will probably be the next region to go through 
a significant increase in in vitro embryo production in 
the next three years, most probably followed by Europe 
and Asia in 3 to 5 years.  

 

 
Figure 3a. In vivo produced transferable embryos for different regions for the period between 1997 to 2012. 
 
 

 
Figure 3b. In vitro produced transferable embryos for different regions for the period between 1997 to 2012. 
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Figure 4 depicts the Canadian and US export 
markets between 2010 and 2013 of bovine embryos, 
bovine semen or cattle according to USDA (USDA 
Foreign and Agricultural Service, 2014a) and AgCanada 
statistics (Statistics Canada, 2014). In Canada, the 
export of bovine genetics are accomplished mostly 
through semen exports with a 25% increase between 
2010 and 2013. Live cattle is the second most active 
export of bovine genetics, followed by a lower activity 
through embryos. In the USA, although semen represents 
an important way of exporting bovine genetics with a 

30% increase between 2010 and 2013, live cattle export 
remains the most important export activity for this 
country. Interestingly, a significant 30% drop in live 
cattle export occurred between 2012 and 2013. Although 
Fig. 4 depicts also an increase in transactions for embryo 
export in 2012 and a drop in 2013, IETS embryo data 
depict an increase in over 50% in in vitro embryo 
produced between 2011 and 2012 in North America (Fig. 
3b). This could be an indication of how embryos are 
becoming an important source of export of bovine 
genetics for different countries worldwide.  

 
Figure 3c. In vivo vs in vitro produced transferable embryos for different regions for the period between 1997 to 
2012. 
 

 
Figure 4. Canadian and US export markets of bovine embryos, bovine semen or cattle. 
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International movement of embryos 
 

Of course, international movement of gametes 
or embryos must be performed in biosecure manners to 
make certain that pathogenic organisms are controlled 
and that transmission of infection to recipient animals 
and progeny is avoided. The international organization 
that is responsible for improving and monitoring animal 
health worldwide is the World Organisation for Animal 
Health, or more commonly known as its French 
acronym, Office International des Epizooties - OIE. It is 
recognised as a reference organisation by the World 
Trade Organization and maintains permanent relations 
with 35 other international and regional organisations. 
OIE’s Terrestrial Animal Health Code addresses 
specifically the collection and processing of in vivo and 
in vitro produced intact embryos/oocytes from livestock 
and horses (World Organization for Animal Health, 
2013; Chapters 4.7 and 4.8).  

This review does not intend to review the 
different pathogenic agents that can interact with 
oocytes and embryos as there are very good reviews in 
the scientific literature that cover these subjects 
(Bielanski, 2006; Van Soom et al., 2008, 2010a; Ponsart 
and Pozzi, 2013). The more common pathogens remain 
Bovine Brucellosis, Blue Tongue Virus, Foot and 
Mouth Disease, Bovine Tuberculosis, Contagious 
Bovine Pleuropneumonia, Enzootic Bovine Leucosis, 
Infectious Bovine Rhinotracheitis/Infectious Pustular 
Vulvovaginitis and Lumpy Skin Disease. Pathogens can 
be found in embryos due to contamination of the 
oocytes, the semen or adhesion to the zona pellucida of 
embryos. Semen collection and storage centers are 
strictly regulated by national agencies and are under 
veterinary and official supervision to produce semen for 
international export. Additionally, the general 
requirements for semen production for these centers are 
also covered by the OIE Terrestrial code (World 
Organization for Animal Health, 2013; chapters 4.5 and 
4.6). All in vivo and in vitro embryos produced for 
export must obtain certificates by the semen production 
centers that testify that the semen used was produced 
under biosecure conditions and this free of any 
pathogens. Thus, the semen component is easily 
controlled with regards to embryo health status. 
 

IETS - Health and Scientific Advisory Committee 
 

The Health and Scientific Advisory Committee 
(HASAC) of the IETS is an advisory Committee 
composed of technical specialists in reproductive 
biotechnologies, animal health and food safety. It 
responds to the IETS members' questions and requests 
for advice related to those matters both at a national and 
international level. It submits recommendations based 
on current scientific knowledge to the IETS Board of 
Governors to further provide guidance and advice to 
international Agencies, such as those of the United 

Nations or of the OIE. The current Chairwoman of 
HASAC is Dr. Claire Ponsart-Posiere from France and 
the immediate past-chair woman was Dr. Pascale 
Chavatte-Palmer of France. Information can be found at 
the website http://www.iets.org/comm_hasac.asp. 

HASAC’s mission statement is  

• to review regularly and extensively all the literature 
relevant to biosecurity issues, in order to evaluate 
the potential risks at stake, based on science, for 
safe international trade of embryos and human 
consumption of animal or animal products derived 
from embryo transfer and related technologies.  

• to develop and provide guidelines such as codes of 
practice, recommendations and other information 
pertinent to the safe movement of embryos and safe 
introduction into the food chain of animal or animal 
products derived from reproductive biotechnology 
without unduly restricting technological advance 
and commerce, 

• to communicate to the IETS members all its 
achievements and upon acceptance of the IETS 
Board, to all the relevant International Agencies. 

Dr. Michel Thibier, past HASAC chairman, 
has published an excellent review of critical points of in 
vivo and in vitro embryo production procedures and 
how practitioners can operate in high degrees of safety 
for international trade of embryos (Thibier, 2010). As 
stated in this review, through an active participation of 
the IETS HASAC, acting as an ad hoc committee to the 
OIE, it was possible to produce guidelines for general 
procedures for bovine embryo transfer, identifying 
minimum standards for hygienic handling of embryos, a 
continued update of results on embryo-pathogen 
interactions, and make recommendations for 
standardization methods of labeling of containers of 
frozen embryos. In fact, IETS has published these 
recommendations in the 4th edition IETS Manual 
available in English, French, and Spanish. This resulted 
in the ET industry adopting appropriate procedures to 
manage the biosecurity risks and hence mitigate risks of 
pathogen transmission through international trade of 
bovine embryos.  
 

In vivo embryos vs. in vitro embryos 
 

One thing is clear in the scientific literature on 
the subject, all authors agree that regarding the 
techniques used for production of pathogen-free genetic 
material, we cannot extrapolate from one species to 
another, from one pathogen to another, even from one 
embryo production technique to another (in vivo 
embryos to in vitro embryos). Techniques for biosecure 
production of in vivo bovine embryos have been well 
established and described in the papers referenced in 
this mini-review. For the purpose of this discussion, it is 
important to note a few aspects of in vitro produced 
embryos.
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As in vitro embryos are relatively new to the 
ET business, there are not many papers on the subject of 
pathogen-interaction with this type of embryo. Dr Van 
Soom and collaborators (Van Soom et al., 2010b) 
published a paper describing in details the importance of 
the embryo zona pellucida (ZP) as an efficient barrier to 
viral infection. She states that the ZP is a dynamic 
structure that can vary according to species, origin, 
embryonic stage and other factors. It is also 
demonstrated that the ZP of in vitro produced embryos 
is more porous than in vivo embryos. Dr Van Soom 
speculates that these pores may entrap small viruses and 
thus increase the risks of pathogen transmission. The 
most recent HASAC report to the IETS has clearly 
stated that IVF embryos do not react in the same way to 
decontamination procedures and that it is impossible to 
extrapolate data gained from in vivo embryos. Although 
certain studies demonstrate that the decontamination of 
in vitro embryos using IETS recommended procedures 
is effective for specific pathogens (Bielanski et al., 
2013), others have shown that this is not as evident in 
other conditions (Penido et al., 2014). As stated above, 
all agree that more research is needed regarding 
washing protocols for in vitro embryos.  

The HASAC 2014 report made the following 
recommendation to the international export of in vitro 
embryos: 

• If the oocyte donors meet the requirements for 
importing live cattle into that country and if the 
semen used for in vitro fertilization also meets the 
country’s import requirements, then it is safe to use 
the IETS sanitary procedures associated with in 
vitro production of bovine embryos (IETS Manual; 
Stringfellow and Givens, 2010).  

Thus, it is safe to conclude that in such 
conditions, there is no reason for all countries to not 
accept frozen IVF embryos processed according to 
IETS’s sanitary procedures. This should permit most 
countries to import and export more genetics from 
pathogen-free donors.  

• HASAC strongly urges government agencies and 
private institutions related to ET and international 
trade of animal genetics to finance important 
research on embryo-pathogen interaction, especially 
with in vitro produced embryos. The drop of 
scientific literature on this subject is very alarming.   

Therefore it is imperative that all individuals and 
organizations related to the beef and dairy industries to 
communicate to their representative government and 
private partners the importance to finance research and 
development on embryo-pathogen interactions, specifically 
when related to new evolving biotechnologies such as IVF.  
 

Conclusion 
 

This mini-review was written simply to give 
readers a quick update of the challenges faced by 

different groups worldwide with the international trade 
of bovine in vitro produced embryos. It is clear that 
many countries are under pressure to open the import 
and export markets for IVF embryos but scientists have 
expressed relevant concerns regarding the risks with 
such trade. For over 40 years, groups such as IETS and 
the OIE have overseen the risk management of the 
exchange of in vivo bovine embryos between different 
countries by relying on the expert advice of renowned 
scientists in this field. Understanding that there is 
insufficient scientific data regarding the efficiency of 
current sanitary protocols for all IVF embryos produced, 
IETS’s HASAC have proposed that ET groups use 
current IETS sanitary embryo washing procedures when 
using oocytes and semen from animals that meet the 
requirements for importing live cattle into that country. 
Thus, if the importing country would accept the animals 
into their territory, there is very little sanitary risks to 
propagate pathogens when the accredited IVF 
laboratories produce the embryos using IETS 
procedures. As for donor animals that may not meet 
these criteria, it is imperative that the scientific 
community continues its research to validate current 
embryo sanitary washing procedures and recommend 
any modifications that would be necessary for IVF 
embryos. This of course applies as well to any new and 
emerging diseases or pathogens that can be transmitted 
by in vivo or in vitro bovine embryos. Overall, as 
embryos are becoming an important component of 
international trade of bovine genetics, such research 
must not only continue but augment if key parties want 
to assure they meet the worldwide rising need of meat 
and dairy products.  
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Abstract 
 

This review focus on the potential benefits, 
threats, and challenges of nanotechnology in animal 
reproduction. The investigation of gamete cells in high-
resolution, production of nanobiosensors, and 
development of nanosystems aiming the sustained 
release of gonadotropins and steroid hormones are only 
some few examples of growing interest areas. Current 
facts and future prospects have highlighted the great 
potential of nanotechnology in reproduction field. 
Emerging concepts and technologies will be 
contextualized, reviewed, and explored in this review.  
 
Keywords: nanoparticles, nanotechnology, sustained 
release systems. 
 

Introduction 
 

Nanotechnology is an exciting scientific and 
technological area that is considered one of the hot 
topics of the 21st century (Toumey, 2014). This 
emerging field is about the rational investigation and 
potential uses of the matter at the nanometer scale 
(Toumey, 2014). Nanostructures developed by rational 
approaches are among the most impressive manmade 
materials and exhibit unique chemical, physical, and/or 
biological features (Albanese et al., 2012). These 
features allow the nanostructures to be used for an 
unprecedented number of applications ranging from 
electronics and agriculture to medical and health care 
(Gupta et al., 2013). It is also noteworthy that 
nanotechnology has begun to blossom in the field of 
reproduction and fertility (Chen and Yada, 2011; Verma 
et al., 2012). In this way, the aims of these 
nanotechnology-based investigations related to animal 
reproduction are: i) characterize the nanoscale features 
of gamete cells using atomic force microscopy and 
related scanning probe microscopy techniques 
(Carvalho et al., 2013); ii) develop nanobiosensors for 
detection of physiological or altered (pathogens and 
diseases) reproductive status (Monerris et al., 2012); iii) 
develop chemical approaches for production of metal 
nanoparticles for fertility control applications (Jha et al., 
2014); iv) develop nanodevices for secure 
cryopreservation of gametes and embryos (Wang et al., 
2014); and v) develop sustained release systems of 

molecules, including hormones, vitamins, antibiotics, 
antioxidants, nucleic acids, among others (Weibel et al., 
2014). The goal of all these innovative efforts is not just 
to be able to characterize and manipulate the matter on 
nanoscale, but also develop products and processes with 
economic, social, and environmental value added with 
emphasis on the development of solutions to animal 
reproduction challenges. 
 

Atomic force microscopy as a tool for investigation 
of reproductive cells 

 
Atomic force microscopy (AFM) is a powerful 

high-resolution technique for imaging the surface 
topography of biological samples, including live and 
fixed cells, allowing the surface topography imaging at 
subnanometer resolution and the elucidation of the 
interactions at molecular level (Silva and Rech, 2013). 
Due to its capability to observe nanometric details of the 
samples, AFM has revolutionized the perspective in 
which microscopists explore biological structures and 
processes from micrometric cells to nanometric 
biomolecules (Silva, 2005). In fact, AFM is redefining 
the concept of microscopy and emerging as 
complementary and even sometimes foremost tool in 
several scientific areas, including reproduction science 
(Carvalho et al., 2013). The shape, size, and 
nanoroughness are only some few examples of the 
number of primary characters that could be obtained 
from gamete cells (spermatozoa and oocyte) using AFM 
(Carvalho et al., 2013). The extraordinary benefits that 
AFM can offer for studying the nanoscale features of 
cells represent a significant advance for the future on 
the cell biology of the reproduction. 
 

Nanobiosensors for the detection of reproductive 
status/stages 

 
Nanobiosensors are very sensitive devices 

equipped with immobilized probe biomolecules and 
which are made up of nanomaterials, such as 
nanoparticles, nanotubes, nanowires, nanofibers, and 
others (Monerris et al., 2012). Nanobiosensors are 
mainly applied in environmental monitoring and clinical 
diagnostics (Sagadevan and Periasamy, 2014). The 
development and validation of nanobiosensors for the 
detection of diseases, pathogens, oestrus, hormone
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levels, and metabolites profile provide to such systems 
the status of an important and promising tool for 
reproductive management (Monerris et al., 2012). 
Critical advances are made every year in 
nanobiosensors for reproduction processes; however, 
these advances must ultimately reach the reproductive 
chains. Insights from the current and ongoing studies 
will help research and development professionals in 
bringing new products to the market. 
 

Sustained release nanosystems for the delivery of 
reproductive hormones 

 
The development of nanostructured systems 

facing the delivery and sustained release of molecules 
towards specific targets represents a frontier area of 
nanoscience and nanotechnology (Joanitti and Silva, 
2014), with the possibility of contributing substantially 
to advances in animal reproduction. Nanoparticles, 
nanoemulsions, nanogels, nanocapsules, and liposomes 
are among the most common forms of administration of 
bioactive molecules based on nanobiotechnology 
(Joanitti and Silva, 2014). Currently, nanostructured 
delivery systems have been intensively developed and 
evaluated due to several advantages shown in biological 
applications (Bonifácio et al., 2014). Overall, nanosized 
delivery systems enhance the therapeutic efficacy of 
several bioactive molecules, including reproductive 
hormones, by simply improving their pharmacokinetic 
and/or pharmacodynamic properties. These systems are 
able to carry a wide variety of molecules enhancing 
their sustained release, showing low systemic toxicity, 
allowing targeted treatment, and avoiding premature 
inactivation or degradability of bioactive compounds 
which are sensitive to light (e.g. vitamins), oxidation 
(e.g. steroid hormones), and/or hydrolysis (e.g. 
gonadotropic hormones; Joanitti and Silva, 2014). The 
true impact of such nanosystems on reproduction will be 
really measured only in the next decades. 
 

Nanostructures for the sterilization of animals 
 

Despite the advantages associated with the use 
of nanoparticulate systems in order to optimizing the 
reproductive performance, it is largely accepted that 
some nanoparticles (e.g. metal nanoparticles) can elicit 
toxic and deleterious side effects towards living 
organisms (Love et al., 2012). However, this toxicity 
may also be used for reproduction technologies on the 
basis of contraceptive approaches (Jha et al., 2014). 
Since several metals, including cadmium, at low to 
moderate concentrations may lead to sterility in a dose-
dependent fashion, the delivery of metals as 
nanoparticles to reproductive organs remains as a wide 
field to be explored by researchers. Metal nanoparticles 
can be actively driven to reproductive and related 
organs (e.g. pituitary) by targeting molecules (e.g. 
antibodies) or using some physical characteristic (e.g. 

magnetic field-based delivery of magnetic 
nanoparticles) and thus avoiding or at least minimizing 
the systemic toxicity (Manuja et al., 2012). 

 
Nanosystems for cryopreservation of 

gametes and embryos 
 
Cryopreservation of gonadal tissues, sperm, 

oocytes, and embryos has brought about novel and 
exciting research field in animal reproduction 
(Saragusty and Arav, 2011). The use of biocompatible 
metal nanoparticles for cryopreservation of cells and 
tissues may become the next step of cryopreservation 
technologies to achieve ultra-fast cooling rates and also 
allow rapid and homogeneous rewarming of the 
biological materials under near physiological 
conditions. However, there are an incipient number of 
studies carrying out the use of nanoparticles for 
cryopreservation of cells and tissues (Wang et al., 
2014). Thus, a huge number of innovative possibilities 
are opened to fulfill this and meet cryopreservation area 
expectations. 
 

Conclusion 
 

Nanotechnology in animal reproduction is a 
growing and flourishing field for research and 
development. This emerging field offers outstanding 
opportunities for challenging researchers to provide new 
solutions to old issues, and has potential to demonstrate 
continuous forward progress in the next years. 
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Penis morphometry of the Trachemys scripta elegans (Wied, 1839) raised in Brazil 
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The penis is an organ that plays an important role in reproduction and perpetuation of a species, because it performs 
the introduction of semen into the female's vagina. However, information on Trachemys scripta elegans (T. scripta 
elegans), an underwater exotic turtle invasive to the cerrado, that when released into lakes and rivers may 
compromise the biological diversity (Primack; Rodrigues. Biology of the Conservation. Monograf, Londrina. 2001. 
328p) is nonexistent, which may impair population control measures or comparative studies. This study aimed to 
describe the penis morphometry of T. scripta elegans raised in Brazil and correlate this parameter with body 
biometric data. Eleven males from the Parque Ecológico do Tietê (IBAMA Record Nr. 2491988), had the body 
biometrics [mass (BM), volume (BV), carapace length (CARL), carapace width (CARW), plastron length (PLAL), 
plastron width (PLAW) and height (HEI)] assessed and the penis dissected for morphometric analysis [mass (PM), 
volume (PV); length (PL), width (PW) and thickness (PT)]. Simple correlation coefficient (R) was determined among 
the variables (Assistat 7.6 beta). This study was approved by the Human and Animal Experimental Ethics Committee 
of UNIVASF (Protocol nr. 0001/160412). The BM was 587.45 ±198.37 g, BV 556.54 ± 289.75 mL, CARL 
15.50 ± 2.35 cm, CARW 12.2 ± 1.39 cm, PLAL 13.72 ± 1.93 cm, PLAW 9.21 ± 1.48 cm and HEI 5.57 ± 1.34 cm. 
The PM was 3.55 ± 1.37 g; PV 3.36 ± 1.14 mL; PL 4.71 ± 0.78 cm; PW 1.41 ± 0.16 cm and PT 0.46 ± 0.13 cm. 
Positive (P < 0.05) linear correlation was observed between body biometric parameters among themselves and with 
the PM, PV and PT; and between the morphometric parameters of the penis among themselves, except with the PT. 
This was the first study to describe the penis morphometry of T. scripta elegans raised in Brazil and to correlate this 
parameter with body biometric data, providing information that can assist comparative studies and of population 
control. 
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Does lipidic peroxidation is influenced by the addition of seminal plasma in the thawing 
media of swine spermatozoa? 
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Cryopreservation increases reactive oxygen species (ROS) and then lipid peroxidation (Wang et al, 1997, Urology, 
49(6), 922-925). It is not well established if the addition of seminal plasma (SP) after thawing reduces lipid 
peroxidation of the swine spermatozoa membrane. Thus, we tested the addition of 10% SP in thawed boar semen. 
Four sperm-rich fractions were collected from six boars (n=24). Samples were divided in three aliquots namely no 
centrifuged (NC), centrifuged resuspended (CR) and centrifuged without SP (CS). After centrifugation 
(500xg/10min) of CR and CS, the supernatant (SP) of CS was removed and passed by another centrifugation 
(2500xg/30min), so SP was filtered through 0.22µm membranes and stored at -80°C for future use. CR was 
resuspended in its own SP. All treatments were extended in freezing extender (Botupharma®, Botucatu-SP, Brazil) 
to obtain a final concentration of 300x106sperm/mL. The extended semen was stored in 0.5mL straws. The straws 
were frozen in an automatic system (TK Tecnologia em Congelação, Uberaba-MG, Brazil) using a rate of -0,5°C/min 
until 5°C, -20°C/min until -120°C and immersed in liquid nitrogen (-196°C). Two straws were thawed in water-bath 
at 37°C/30seg and extended 1:1 (semen:extender) in freezing extender. From CS added 10% SP (v:v) in freezing 
medium was originated treatment centrifuged added SP (CP). The samples remained in water-bath at 37°C 
until 120 min, and analysis occurred at 5, 60 and 120 min. An aliquot was extended in TALP to 5 x 106sperm/mL 
and stained with 2µL of Hoechst 33342, 0.5µL of C11-Bodipy and 3µL of propidium iodide for 40 min/37°C. After 
incubation samples were analyzed in flow cytometer (BD FACSAria-Becton Dickinson, San Jose, CA, USA). The 
analyses were based in fluorescent intensity (a.u.) captured in long pass 502 and band pass 530±15 nm detectors. 
The data were analyzed by SAS program (SAS Institute Inc., 2010) and subjected to analysis of mixed models. 
Treatments were evaluated using orthogonal contrast to analyze treatment effects; contrasts (centrifugation effect 
NCxCR; with SP effect CSxCP; without SP effect CSxNC+CP). Differences were considered significant when 
P<0.05 and all results were expressed as means±SEM. There weren’t time x treatment interaction (P > 0.05) for 
variable studied. Centrifugation, addition or absence of SP had no effect in lipid peroxidation of swine sperm 
(241.4±8.94 a.u.; 234.28±10.22 a.u.; 233.94±7.78 a.u.; 230.32±7.22 a.u., NC, CR, CS e CP respectively). Therefore, 
we can conclude that seminal plasma added in frozen-thawed boar semen not reduces lipid peroxidation. 
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Characterization of the cycle of the seminiferous epithelium stages in guinea pigs  
(Cavia porcellus) 
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Keywords: seminiferous epithelium, seminiferous tubule, spermatogenesis. 
 
The spermatogenic process occurs in cycles, called Cycles of the Seminiferous Epithelium (CSE). The 
characterization of stages and the definition of cellular types present in the epithelium are fundamental to understand 
the spermatogenesis (França; Russel. Madrid: Churchill Comm. Eur. España, 1998. p.197-219) and the 
physiological basis of the comparison of healthy, experimental or pathological conditions (França et al. Biol. 
Reprod. 49:1215-28, 1993). This study aimed to characterize the CSE stages in guinea pigs (Cavia porcellus) to 
enable their use as an experimental model. Fragments of the right testicles of thirty guinea pigs with complete 
spermatogenesis were collected, fixed in 10% buffered formalin for 18 hours and immersed in alcohol 70% for 
routine histological processing and staining by HE. The slides were examined on an Olympus BX 50 binocular 
microscope, equipped with digital camera and the CSE was characterized by the tubular morphology method 
(Courot et al. NY: Academic Press, 1970. v.1, p.339-431). This study was approved by the Human and Animal 
Experimental Ethics Committee of UNIVASF (protocol nr. 22041019). Eight CSE stages were observed. Stage 1 
was characterized by the presence of type-A spermatogonia (AS), pre-leptotene (PL) primary spermatocytes and 
Sertoli Cells (SC) near the basement membrane, leptotene (LE) primary spermatocytes between the basement 
membrane and the pachytene (PQ) ones, and those among the PL ones and rounded spermatides (ROS), that formed 
between 3 and 4 layers near the lumen of seminiferous tubules. Stage 2 was characterized by the early elongation of 
ROS nuclei and the presence of AS, PL and LE, zygotene (ZY), PQ and diplotene (DI) primary spermatocytes and 
SC with irregularly elongated or pyramidal nucleus. Stage 3 was characterized by AS, ZY, DI, ROS, elongated 
spermatides (ELS), with nucleus intensely stained, queued with radial arrangement towards the light of the tubule 
and SC. Stage 4 was characterized by meiosis products, intermediary spermatogonias (INS), AS, ZY, PQ, DI, ROS 
organized in groups and SC. Stage 5 was characterized by AS, INS, PQ, ROS, ELS closer to the base of the 
epithelium and SC. Stage 6 was characterized by AS, INS, type-B spermatogonias (BS), PQ with nucleus larger than 
the one at the previous stage and more distant from the basement membrane, ROS, ELS organized for the lumen and 
SC. Stage 7 was characterized by AS, BS, PQ, ROS, ELS with nuclei placed on the luminal edge and the flagella 
facing the lumen of the seminiferous tubules, many residual bodies (RC) and SC. Stage 8 was characterized by ELS 
placed in the lumen, spermatozoa bundles in the light of the seminiferous tubules, RC, AS, BS, PL, LE, PQ and SC. 
It was concluded that the CSE of the guinea pig and other mammals are similar, substantiating its use as an 
experimental model for understanding the spermatogenesis regulation. 
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Description of the cell types present in the seminiferous epithelium in guinea pigs 
(Cavia porcellus) 
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Spermatogenesis is an organized and synchronous process by which a stem spermatogonia progresses, through 
mitotic and meiotic divisions, and undergoes a final stage of differentiation called spermiogenesis, to form the 
spermatozoa (França et al. Theriogenology 63:300-18, 2005). The knowledge of this kinetics has great importance 
for the characterization of testicular activity of a species. The use of guinea pigs as experimental model has great 
importance in scientific research; however works analyzing its spermatogenesis are scarce. This study aimed to 
describe the cell types of the seminiferous epithelium of guinea pigs (Cavia porcellus) with full spermatogenic 
activity (with 6 to 11 weeks old). The right testicle (N= 3/group) was collected, fixed in buffered formalin at 10% 
for 18 hours and immersed in alcohol 70% for histological processing and staining by HE. The slides were analyzed 
on an Olympus BX 50 binocular microscope equipped with digital camera to identify the cells of spermatogenic 
lineage in 200 cross-sections, always considering the most circular sections for each testicle. This study was 
approved by the Human and Animal Experimental Ethics Committee of UNIVASF (protocol nr. 22041019). Type-A 
spermatogonia were rounded, with ovoid nucleus and had granular irregularly and dark chromatin; Type-B 
spermatogonia were more circular and had the nucleus most prominent and with dense chromatin and coarse 
granules; intermediary spermatogonia had the nucleus fragmented into three parts forming small nucleoli; Sertoli 
cells were irregular and elongated and, sometimes, pyramidal; pre-leptotene spermatocytes were round and had the 
fragmented nucleus, but they were smaller than those in pachytene; leptotene spermatocytes had the nucleus most 
compacted and chromatin of stronger staining; zygotene spermatocytes had  the compressed nucleus forming a half 
moon; pachytene spermatocytes had a large nucleus, circular and with dense chromatin and diplotene spermatocytes 
had the nucleus smaller and lighter and the chromatin was decondensed compared the previous stage. Spermatids 
rounded had a small, circular and dark nucleus and spermatids elongated were located near the tubular lumen. In 
conclusion, the cell types present in the seminiferous epithelium of guinea pigs were similar to those described in 
other rodents and they are essential for the characterization of the seminiferous epithelium cycle. 
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Cryopreservation affects binding of bovine epididymis sperm to oviduct explants 
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The use of epididymal sperm is an important tool for the propagation of genetic material in cases of the unexpected 
death or acquired reproductive incapability of high genetic value sires. A better physiological behavior 
understanding of those sperm is needed to optimize their use either in vivo or in vitro. One of the features required 
for in vivo fertilization is the formation of a reservoir on the female oviduct. Studies in our laboratory have shown 
that epididymal sperm have the same ability to bind in vitro to those cells as the ejaculated sperm. Considering that 
cryopreservation can induce sperm plasma membrane changes, we hypothesized that those changes may directly 
influence the sperm binding to the female reproductive tract. Thus, the aim of this study was to evaluate the effect of 
cryopreservation on the ability of epididymal sperm to bind to oviduct cells. Testis from four Bos Indicus sires, were 
used. The sperm was recovered from the epididymis of each animal and were separated into two fractions. One was 
used just after their recovery and was referred as fresh sperm (FS), and the other fraction was used after being 
cryopreserved and was denoted as cryopreserved sperm (CS). Sperm from each group were co-incubated for 
30 minutes, 6 and 24 hours with 60 oviductal cells explant (OCE) per group/moment. Images of each OCE after co-
incubation were captured using Zeiss Axiophot software, coupled to a phase contrast microscope. The perimeter of 
each OCE and the number of sperm bound to the periphery of each explant were evaluated. Then, the number of 
sperm bound per mm of the explant was calculated for each aggregate. One evaluation was done for each bull/group, 
being the bull considered as biological replica. Data were analyzed by the software Sigma Stat 3.11 (Systat 
Software, Inc., Richmond, California, USA), compared by Mann Whitney test (mean ± SD, P≤0.05). The FS group 
had a higher (P=0.05) number of bound cells after 30 minutes of incubation (130.92±39.54) than the CS 
(88.04±28.06) group. At 6 hours of incubation there was no difference between FS (47.33±17.54) and CS 
(54.42±43.0) group. However, at 24 hours FS group showed higher (P=0.008) number of sperm bound to OCE 
(131.74±92.18) than the CS (20.38±20.15) group. It is important to note that the amount of bound sperm on FS 
group at 6 hours was lower than that found at 24 hours. However, on the CS group, the decrease on the number of 
sperm bound to OCE was constant throughout the entire culture period. It can be concluded that cryopreservation of 
epididymal sperm affected their binding to oviductal cells, causing a drastic reduction on the sperm bound number at 
24 hours post-thawed.  
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Influence of plasma testosterone and total protein of seminal plasma on the sperm 
parameters from Nellore bulls with semen of high or low freezability 
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The beneficial effect of testosterone (T) and some protein fractions of seminal plasma have been reported for bovine 
fertility. However, researches aiming to correlate plasma T or total protein of seminal plasma (TP) and seminal 
parameters are scarce. Thus, the goal of this study was to verify the influence of T and TP on the sperm parameters 
from Nellore bulls with semen of high or low freezability. Ejaculates (n=40) from eight bulls, housed at Center of 
Semen Collection and Processing (CSCP), were obtained through artificial vagina, in the months of June and July. 
Animals were selected from data of semen freezability over a period of two years, based on sperm analysis of 
motility (M) and vigor (V). Therefore, bulls were split in two groups, as follows: semen of high (H; M≥50%; V≥4; 
n=4) and low (L; M=≤40%; V=3; n=4) freezability. Seminal samples were evaluated for motility, vigor, 
concentration and sperm abnormality (% of major defect, minor and normal), before freezing process. The seminal 
plasma was obtained by centrifugation (700 x g/10 min). Blood samples (five per animal) were obtained just after 
semen collection through vein puncture. The T and TP were measured using commercial kits (DPC- Diagnostic 
Products Co®, EUA; Pierce, EUA, respectively), according to manufacturer’s instructions, being kept at -86º C until 
use. The coefficient of Spearman correlation was utilized to verify possible correlations between spermatic variables 
with T and TP. For comparison between the groups, mean values were analyzed through use of Tukey’s test. P < 0.05 
was considered as significant. Higher mean values (P<0.05) for motility, vigor and normal sperm, as well as lower 
values for major defect and minor sperm defect were observed for bulls in group H than for L. However, no 
difference was found between the groups for sperm concentration. Significant correlation (P<0.05) was found only 
between TP and major sperm defect (r = -0.45) for group H. Nevertheless, for bulls in group L, significant 
correlations (P<0.05) were detected for TP and concentration (r = 0.52) and sperm motility (r = -0.54). As for T, 
significant difference (P<0.05) just was found for minor sperm defect (r = 0.50) in group H. No difference was 
observed between H (639.6±277.7 ng/dL) and L (729.3±410.2 ng/dL) groups for T. However, higher mean value 
(P<0.05) for TP was found in group H (41.7±9.4 mg/mL) than in L (31.9±10.3 mg/mL) group. In conclusion, the 
results suggest that TP can be used as an indicator for sperm quality in bulls maintained in CSCP. However, the 
mechanism through which TP affects such sperm parameters needs to be elucidated. 
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Sperm quality separation through density gradient in dogs 
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The sperm separation by density gradient is a technique used to remove the extender from cryopreserved samples 
and select sperm with high motility for its use in reproductive biotechnologies. The 45% and 90% Percoll® gradient 
separate the semen into two distinct fractions: low sperm motility in the interface between the two Percoll® layers; 
and high motility sperm in the sediment. However, studies in dogs are still required to confirm the quality of 
spermatozoa selected by Percoll®, in both fresh and cryopreserved samples. The aim of this study was to verify the 
quality of sperm samples separated by Percoll® from fresh and cryopreserved-thawed canine semen. Nine dogs 
were used to obtain semen samples, which were divided into two aliquots: one designed for immediate evaluation 
and the other was cryopreserved by standard protocol and submitted to post-thaw evaluation. Semen samples were 
layered over two-steps pads of Percoll® (1 ml of 90% Percoll® and 1 ml 45% Percoll®). The tubes were 
centrifuged for 20 min at 300 xg . After separation, fresh and post-thaw samples from the interface and sediment 
were analyzed by computerized assessment of sperm motility; integrity of plasma and acrosomal membrane by 
eosin/nigrosin and Fast-Green/Rosa-Bengala stains, respectively; and mitochondrial activity by 3,3 '-
diaminobenzidine (DAB) stain. We used Student's t-test and Wilcoxon test. The level of significance adopted was 
P<0.05. Both fresh and post-thaw semen had higher percentage of sperm with intact acrosome in the sediment 
(thawed: 81.8% ± 14.5; fresh: 93.4% ± 14.1) compared to the interface (thawed: 53.3% ± 7.7; fresh: 78.8% ± 19.7). 
We observed differences on the percentage of spermatozoa with high mitochondrial activity in the interface 
(thawed: 23.9% ± 18.4; fresh: 56.3% ± 29.6) and sediment (thawed: 65.8%± 26.2; fresh: 76.8% ± 17.6). High sperm 
motile spermatozoa was selected in the post-thaw semen sediment (interface: 16.2% ± 16.6; sediment: 31.7% ± 48.4) 
and fresh semen sediment (interface: 4.5% ±8.6; sediment: 35.3% ± 35.9). No difference on plasma membrane 
integrity among samples from sediment and interface were verified. However, post-thaw sediment samples 
(26.4% ± 18.2) had lower percentage of sperm with intact plasma membrane compared to fresh samples (65.2% ± 27.5). 
In conclusion, Percoll® gradient selects the best quality sperm in fresh and post-thaw samples. In addition, 
cryopreserved cells have greater sensitivity during passage through the gradient, resulting in plasma membrane 
injury.  
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Comparison between the spermatic parameters of boars during the months of  
Summer and Winter 
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The present study aimed to evaluate the influence of the season of the year (temperature and humidity) comparing 
the spermatic parameters between summer and winter. Five boars were used aging from two to three years old, with 
weight of 250 to 300kg, from hybrid breed without physiologic alterations and with satisfactory reproductive 
performance. The ejaculate was collected by digital manipulation once a week of each boar. The evaluated 
spermatic parameters were the spermatic concentration using a sperm densimeter and Neubauer chamber, and the 
spermatic morphology. The weather temperature and humidity were measured during the summer and winter 
months of 2012 and 2013. After obtained the data those were subject of comparison between summer and winter 
using Student`s T test, at the significance level of 5%. The boars in this experiment represented the control of 
themselves, since they were used in both seasons (summer and winter) and years (2012 and 2013). The maximum 
and minimum temperatures during the summer were 29.3°C and 21.7°C, respectively, and for the winter were 
28.1°C and 18°C, the mean temperature was 24.86±2.28°C at summer and 24.18±3.41°C (p=0.495).The humidity 
(%) in the summer was 82.25±10.76 and 81.66±0.75 at winter. Beside the numeric difference of temperature 
between the seasons analyzed were not found statistical difference (p>0.05). The spermatic concentration estimated 
with the sperm densimeter was statistically different from the calculated using the Neubauer chamber during winter 
(256.5±44.54a and 170.9±44.98b, respectively; p<0.001), probably due to a higher level of cellularity in the 
ejaculate during this season, leading it to a higher opacity. However at summer, no difference was found between 
the two techniques to achieve the spermatic concentration (243±57.98 by sperm densimeter and 237.9±56.25 by 
Neubauer chamber; p=0.844). That result reveals the importance of the manual evaluation because any change at the 
opacity of the ejaculate can be a factor to overestimate the spermatic concentration. The mean ejaculate volume 
were lower at summer than at winter (261.5±50.22b and 348.5±52.02a mL, respectivelly; p<0.001). The heat stress 
can cause a hormonal imbalance that could affect the seminal plasma production by the accessory glands (Scheid, 
Suínos & Cia, v.1, p.25-28, 2002). The major defects were found in higher incidence (p=0.009) at summer (20.1±15, 8%a) 
than winter (5.25±2.3%b), being higher than acceptable for the specie at summer (Hafez, Reprodução Animal, Ed. 
Manole, 2004). It was concluded, using these partial results, that the temperature elevation at summer had a negative 
influence in the sperm quality of the studied boars, showing a lower ejaculate volume, a lower sperm concentration 
and a higher presence of major defects during the summer season, also the importance of the Neubauer chamber to 
evaluate the sperm concentration. 
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Fatty acid profile of spermatozoa and epididymal fluid during sperm maturation in dogs 
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Fatty acids are the functional unit of the sperm plasmatic membrane, which undergo changes in their chemical 
composition during sperm maturation in the epididymis, enabling the transport, storage and the fertilizing ability of 
spermatozoa. However, elucidations of such changes in the canine species are important to improve canine 
reproductive biotechnologies. Therefore, the purpose of this study was to determine the fatty acid profile of the 
sperm membrane and epididymal fluid during sperm maturation in the epididymides. The fatty acid analysis was 
conducted in the sperm samples of twenty dogs submitted to bilateral orchiectomy. Epididymis were stored at 5°C 
for up to 24 hours and then the epididymal samples were collected through incisions (<1 mm) individually in the 
caput (CAP), corpus (COR) and tail (TAIL). Samples were deposited in 300 μl of PBS, centrifuged and then 
separated into samples of sperm (pellet) and fluid (supernatant). The determination of the concentration of fatty 
acids was performed using the transesterification method, followed by injection into the gas chromatograph. Data 
were compared by ANOVA and LSD test (p≤0.05). For the epididymal fluid, the samples from TAIL showed higher 
concentration of total fatty acids (4363.1±1933.7 mg/dL) compared with the CAB (632.7±171.5 mg/dL). However, 
in the sperm samples, the lipid composition of sperm varied during epididymal migration. We observed the presence 
of undecanoic and nervonic fatty acids only in the CAB and COR and the absence of tridecanoic and palmitic fatty 
acids in these same segments, but presents in the TAIL. Also, the concentration of saturated, monounsaturated and 
polyunsaturated fatty acid were higher in TAIL, especially the stearic and caprylic fatty acids (saturated) and 
heptadecanoic (monounsaturated) and docosahexaenoic acid (DHA - polyunsaturated). Such modifications during 
epididymal transit denote the necessary modulations of the fatty acids profile in the plasmatic membrane, which are 
considered essential for chemical and structural remodeling of the spermatozoa. Additionally, the epididymal fluid 
was considered a marker or regulator of lipid secretion. Fatty acids secreted by epididymal cells from CAB are 
incorporated to sperm. Thus, it is expected a higher concentration of fatty acids in the region of the TAIL 
epididymis. In conclusion, the fatty acid profile in spermatozoa and epididymal fluid varies according to the 
epididymal transit, reflecting the modulation of lipid profile. Such events should result in normal sperm motility and 
high mitochondrial activity and, ultimately, ability to fertilization. 
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Use of different types of egg yolk and insulin concentrations in cryopreservation of ram 
sperm 

 
D.S. Almeida, M.T.C. Gonçalves, S.C.C. Pinto, Y.S. Galiza, N. Britto e Alves, F.A. Souza 

 
Universidade Estadual do Maranhão. 

 
 
Keywords: chicken, duck, insulin.  
 
The objective of this study was to evaluate the viability of ram sperm, submitted to the diluting and cryopreservation 
process, using two different types of egg yolks diluents and three insulin concentrations. One ejaculate from six 
Santa Ines rams, was divided into treatments T1 (Lactose yolk chicken x Insulin NPH - 0µIU/mL, 100µIU/mL and 
200µIU/mL) and T2 (Lactose yolk duck x Insulin NPH - 0µIU/mL, 100µIU/mL and 200µIU/mL), previously 
evaluated according to CBRA 1998 parameters (Manual for breeding soundness examination and evaluation of 
animal semen. Belo Horizonte, 1996. 65p. Prepared according to the CBRA/MA n. 017/1998 agreement). 
Subsequently, the semen was packaged and then frozen using an automated system for cryopreservation (TK - 
3000® model), through equal stability times. After thawing, the semen was evaluated for motility, vigor, rapid 
thermoresistance test (RTT), hypoosmotic swelling (HOST) and Trypan Blue/Giemsa staining tests. It was a 
randomized block design with a 2x3 factorial (two types of yolk x three concentrations of insulin). For parametric 
analysis, the Tukey test was used, while for the non-parametric analysis the Freidman test was done (P<0.05), using 
BioStat 5.0. For the RTT, there was no significant difference (P>0.05) between the periods within extenders and 
insulin concentrations, and being grouped with mean T1: 35 and 3.61% and T2: 28 and 4.44% for times 0 and 
30 minutes, respectively. The same was found in HOST, with average values of 7.83% and 6.33% in T1 and T2, 
respectively. In the evaluation with Trypan blue/Giemsa stain, the integrity of the membrane was similar (P>0.05) 
for insulin concentrations and types of egg yolk used. The rate of acrosome reaction evaluated by Giemsa, showed 
no significant difference (P>0.05) for both alive with and without acrosome for insulin concentrations and types of 
egg yolk used. However, the dead sperm cells with and without acrosome showed significant difference (P<0.05) 
when 100μIU/mL of insulin was used in both extenders. Thus, it was observed that among the dead sperm, those 
with higher amount of intact acrosomes were from the duck egg yolk extender supplemented with 100 μIU/mL of 
insulin, obtaining 77.83% of sperm with acrosome compared to 44.83% of sperm acrosome with chicken egg yolk 
extender treatment. These results indicate that the duck egg yolk can be used in cryopreservation of ram semen and 
the supplementation of 100μIU/mL of insulin in duck egg yolk extender can promote fewer acrosome reactions 
during cryopreservation. 
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Evaluation of thermal comfort, physiological and seminal parameters of buffaloes kept in 

artificial insemination center under tropical climate 
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The study evaluated the variation of thermal comfort indices, physiological parameters and seminal buffalo bulls 
kept in place of tropical humid climate (Koppen of Afi) in Belém-PA. Ten bulls (55.0 ± 8.9 months; 701.4 ± 82.8 kg) 
were kept in collective cages in Central Biotechnology of Animal Reproduction (UFPA) from April to August 2013, 
with free access to the trough and automatic drinking fountain. Inside the sheds three data loggers were installed to 
monitor the temperature (Ta) and relative humidity (RH). The temperature and humidity index (THI) within the 
bays (average of the three dataloggers 06h00 to 09h00 12h00 to 15h00) was calculated according to the formula: 
THI=(0,8Ta)+(RH/100)[(Ta-14,4)+46,4]. Every 25 days with respiratory rate (RR, mov / min), heart rate (HR, beats 
/ min), rectal temperature (RT, ° C) and calculated the index of thermal comfort Benezra (ICB) were measured 
according to the formula: during the morning (6:00 a.m. to 9:00 a.m.) and afternoon (12:00 to 15:00). Semen was 
collected weekly and ejaculates subjected to physical and morphological evaluation. Data were analyzed using the 
general linear model of SAS software, version 9.3, with mean comparisons performed by Tukey test and 
correlations calculated the Pearson test. The level of significance was 5%. Ta and RH were averaged 31.5 ± 0.8°C 
and 81.3 ± 3.8%, respectively. The average value of THI within bays ranged between 75.9 and 83.4, above 
recommended for buffaloes. During the months of July and August, the values of RR, HR and ICB showed a 
significant increase, with 28.9 ± 3.3 and 27.6 ± 3.4 mov / min, 66.9 ± 2.6 and 65.6 ± 2.4 beats / min and 2.25 ± 0.15 
and 2.19 ± 0.15 respectively, while the RT was reduced (38.1 ± 0.5 and 37.8 ± 0.7 ° C, respectively). Regardless of 
the month, values of RR, HR, RT and ICB showed elevation of the morning to late, but always within the 
physiological range (Garcia et al., 2011. Brazilian Agricultural Research, v.46, p.1409-1414). The positive 
correlation between the average THI within the bays and RT (0.63, P <0.001) showed the rise of animal 
internal temperature due to the increase of Ta. The seminal parameters showed mean 2.2 ± 1.4 mL for volume, 
1322.0 ± 501.9 x106sptz/mL for sperm concentration, 68.7 ± 10.2% for progressive motility, 67.8 ± 9.7% for 
integrity of the plasma membrane, 5.7 ± 4.2% for minor defects, 13.9 ± 7.0% for major defects and 19.7 ± 8.7% for 
total defects (P> 0.05). The average THI within the cages correlated with plasma membrane integrity (-0.17, P < 0.05), 
indicating that Ta can have negative impacts on semen. Therefore, despite variations in thermal comfort, the 
thermoregulatory system enabled quickly offset the caloric gains, saving homeothermy without manifestation of 
heat stress and maintenance of sperm quality. 
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Comparison of kinetic characteristics of frozen-thawed sperm from fertile Bos taurus and 

Bos primigenius bulls in Peru 
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The breed "Lidia" (Bos primigenius) is a very important cattle in many areas of Central and South America, due to 
resistance and adaptabitliy in the area since 1540. Artificial insemination is little applied in these animals, due to the 
agressive and dangerous behaviour of the bull. Semen collection is possible only with restraint and electroejaculator. 
There are few proven bulls for artificial insemination programs. Sperm motility becomes critical at the time of 
fertilization and its evaluation depends on the experience of the operator, the desire for precision and repeatability, 
and the availability of equipment. Computer-assisted sperm analysis (CASA) basic concepts for identifying sperm 
and their motion patterns have little changed and to make the assessment of semen quality more objective and 
detailed and several specific motility parameters describing the movements of spermatozoa in a more detailed 
manner can be obtained. The current work has as main objective the investigation of sperm kinetic characteristics of 
fertile Bos Taurus (Holstein and Brown swiss) and Bos primigenius (Lidia Bull) bulls living in Peru by using 
CASA. Ten smears of B. taurus semen and four smears of B. primigenius semen have been evaluated. A total of 
29,349 spermatozoa were quantified in terms of the following parameters: Curvilinear velocity (VCL), Average path 
velocity (VAP), Straight line velocity (VSL), Beat cross frequency (BCF), Amplitude of lateral head displacement 
(ALH), Linearity of track (LIN) and Straightness of track (STR). Differences between species were analyzed in a 
completely randomized design with two treatments with significance defined at P < 0.05. Statistical evaluations 
were carried out using the SAS Software, PROC GLM. We obtained higher (P < 0.05) VCL (66.6 vs. 50.4 um/s), 
VAP (37.5 vs. 29.6 um/s) and BCF (7.1 vs. 5.8 Hz) for B. taurus than for B. primigenius. However, there were no 
differences (P > 0.05) between B. taurus vs. B. primigenius for VSL (22.9 vs. 17.8 um/s), ALH (3.4 vs.x 2.9 um), 
LIN (34.9 vs. 35.4%) and STR (61.1 vs. 60.4%). These differences may indicate that the kinetic characterization of 
sperm cells of bulls may have peculiarities that are specific for each subspecies, requiring further investigation. 
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Biometrics characterization of accessory sex glands and vascular indexes of testicular and 

dorsal arteries in Dorper rams 
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The study aimed to evaluate in rams of Dorper breed the measures of male accessory glands (B-mode ultrasound) 
and theirs correlations with the testicular biometry. Doppler mode was used to evaluate the vascular parameters of 
testicular and dorsal arteries. Thirty four healthy and sexually adult males were used, between 10.38±3.01 months 
old and weighing around 65.06±13.23 Kg. The transrectal ultrasonography exams were performed with linear probe 
using the frequency of 7,5MHz in MyLab 30Vet (ESAOTE, Holland). The glands measures were obtained with 
specific software from the ultrasound device, the organs visualization were accessed in cuts obtaining their 
maximum diameter (MTD = mean of two dimensions: vertical and horizontal). The testicular length and scrotum 
perimeter were obtained with a tape measure. For all measures from pair structures (left and right) a mean were 
calculated, except for the prostate gland wherein three portions (caudal, medial e proximal) were measured. More 
else from testicular and dorsal arteries were obtained the vascular index (peak systolic speed [PSS], final diastolic 
speed [FDS], pulsatility and resistance index [PRI, VRI]). From the data of testicular and male accessory glands 
measures were performed a Pearson correlation test and descriptive analyses on SAS. The values of vesicular, 
prostatic and bulbourethral glands were 25.09±3.25, 12.81±1.24 and 13.65±1.23 mm, respectively. Testicular length 
(dorsum-ventral) and scrotum perimeter were 9.13 ± 1.10 and 32.09±2.17 cm, respectively. Testicular width 
(lateral-medial), longitudinal approach, and testicular diameter, transversal approach, were 47.36±6.43 and 
4.86±0.39 mm respectively. Testicular volume was 339.10 ± 70.60 mm3. The vascular indexes of the testicular 
artery were 0.16±0.03 (PSS), 0.05±0.02 (FDS), 0.65±0.19 (VRI) and 1.40±0.83 (PRI). The values from dorsal artery 
were 0.15±0.04 (PSS), 0.03±0.01 (FDS), 0.78±0.09 (VRI) and 2.07±0.63 (PRI). A significant positive correlation 
(P≤0.05) were obtained from the measures of the testicular length with MTD of the vesicle glands (r=0.76), scrotum 
perimeter with MTDs of the vesicle (r=0.80) and prostatic glands (r=0.90), and from testicular volume with MTD of 
the prostatic gland (r=0.90). In conclusion, the ultrasonography access of the male accessory glands measures will 
provide news tools for breeding soundness evaluation in rams. The correlations with testicular biometry can be used 
as an auxiliary tool (normality reference) to diagnose pathologies in rams. 
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In vitro production of bovine embryos using frozen semen with or without the presence of 

seminal plasma 
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Seminal plasma, that mixes with sperm in the ejaculate, and serves as a means of transportation through the female 
genital tract, has been described as beneficial and harmful to the spermatozoa. There are reports of negative 
influence of seminal plasma on the storage of semen, due to components harmful to sperm viability. An alternative 
to reduce the concentrations of seminal plasma of the ejaculate is its semen centrifugation or filtration. However, 
several studies have reported apparent injury to bovine sperm damaging fertilization by the method of 
centrifugation. The objective of this study was to evaluate rate of bovine embryos produced in vitro (IVP) using 
frozen semen with or without the presence of seminal plasma. Semen used for IVP was obtained from 21 Nellore 
bulls collected by electroejaculation. The semen sample was divided into three equal aliquots and the treatments 
performed as Campanholi et al. (VII Congresso Interinstitucional de Iniciação Científica (CIIC), Campinas, São 
Paulo, Brasil, 2013, p.1-8). Treatment 1 (Traditional) constitutes the dilution of semen in the traditional freezing to 
the final concentration of 60x10⁶ spz/mL with extender BotuBov®. Treatment T2 (Centrifuged) involved the initial 
dilution of the semen in a 1:4 ratio with extender BotuSemen® and centrifugation for 10 minutes at 600xg (2200 rpm) for 
removal of seminal plasma. Treatment T3 (Filter) was performed by the Sperm Filter® (filtration device). After 
centrifugation and filtration of semen, spermatozoa were resuspended with extender BotuBov® at the same 
concentration of T1. After treatments, semen was packaged at room temperature in 0.5 mL straws and frozen using 
the machine TK 4000®. Bovine oocytes for IVP were obtained from follicular aspiration from slaughterhouse 
ovaries. The statistical analyzes were performed in SAS PROC GLM, using 5% significance. . No differences 
among treatments were detected in cleavage rate (T1 = 82.8 ± 1.5%, 2540/3067, T2 = 81.2 ± 1.5%, 2455/3024, and 
T3 = 84.9 ± 1.50%, 2583/3043). However, the rate of embryos evaluated on D7 and D9 (hatched blastocyst) were 
higher in treatment that used SpermFilter® (T3) than T1 and T2 treatments. Evaluation in D7, T1 = 28.4 ± 1.56% 
(870/3067), T2 = 23.7 ± 1.56% (717/3024) and T3 = 29.8 ± 1.56% (908/3043), P <0.001. Hatched blastocyst rate in 
D9; T1 = 21.7 ± 1.43% (665/3067), T2 = 20.2 ± 1.43% (612/3024) and T3 = 26.4 ± 143% (803/3043), P<0.001. 
Seminal plasma removal using SpermFilter® improves the rate of embryos on days D7 and D9. 
 
Acknowledgments: The authors acknowledge CNPQ (PIBIC) for the scholarship granted and FAPESP for financial 
support (Process: 2012/05555-8). 
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The freezing of boar semen allows the dissemination and preservation of insemination doses of high genetic value. 
This presents as an alternative to situations in which the movement of these animals and semen is restricted, in 
addition to controlling the spread of sexually transmitted diseases. For these reasons the reach of successful 
cryopreservation may represent an important advance in the swine production system (BAILEY et al., 2008, 
Theriogenology, 70, 1251-1259). It is desired that a straws has enough sperm concentration to inseminate a female. 
Nonexistent in literature studies with an optimal concentration for freezing boar semen in 0.5 mL straws. Therefore, 
this experiment was to evaluate sperm characteristics post-thaw motility related to boar sperm frozen at different 
concentrations in 0.5 mL straws. It was only collected the rich fraction from five ejaculates from five adult boars by 
the gloved hand method. After initials analysis semen (in natura - total motility) was diluted in Botusui® 
(Botupharma) in order to obtain five different concentrations: C1) 100x106, C2) 200x106, C3) 300x106, C4) 600x106 
and C5) 800x106 spermatozoa/mL. The diluted semen was packaged in 0.5 mL straws (IMV International, St. Paul, 
Minnesota, USA) and then subjected to freezing. Cryopreservation of semen was performed using an automated 
system (TK 3000®, TK Freezing Technology Ltd., Uberaba, Minas Gerais, Brazil). After thawing, the semen was 
analyzed for patterns of motility by computerized semen analysis (CASA-MICROPTIC®, MICROPTIC SL, 
Barcelona, Spain). Data were subjected to analysis of variance (PROC GLM) and Tukey's test, using the SAS 
program (1998). The results for total and progressive (%) motility were, respectively, at the following 
concentrations: C1) 20.31 ± 2.16 and 13.45 ± 1.80 a, C2) 19.87 ± 1.94 and 12.69 ± 1.73 a, C3) 20.7 ± 1.84 and 
12.40 ± 1.44 a, C4) 14.60 ± 1.55 b and 7.86 ± 1.02 b, C5) 9.90 ± 1.16 b and 4.42 ± 0.72 b. It was observed that 
increasing the concentration from 100 to 300x106 sperm / mL in the straw causes no loss in total and progressive 
motility characteristic. From 600x106 sperm / mL there is a significant reduction in total and progressive motility. 
Therefore, one can conclude that storage of cryopreserved porcine semen can be carried out up to a concentration of 
300 x 106 sperm per mL in 0.5 mL straws without any negative effects on total and progressive motility. 
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Penis morphology of the Trachemys scripta elegans (Wied, 1839) raised in Brazil 
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The reptiles developed special copulatory organs (Storer et al. São Paulo: Cia Ed. Nacional. 2000. p.642-654). 
Lizards and snakes have a pair structure in the cloaca, the hemipenis; and turtles and crocodiles a structure which 
may be homologous to the mammalian penis (Carvalho et al. Pesq Vet Bras 30:289-294, 2010). In Brazil, 
Trachemys scripta elegans is the most marked turtle, however, it is an exotic and invasive species, uncontrolled in 
terms of population by authorities (Connor. Tortuga Gazette 28:1-3, 1992). Although the penis is much discussed in 
the order of reptiles and other vertebrates, information on part of this species are nonexistent. This study aimed to 
describe the penis morphology of Trachemys scripta elegans, by anatomical and histological studies, to assist 
population control measures or comparative studies. Eleven males originating from the Parque Ecológico do Tietê, 
São Paulo-SP, Brasil (IBAMA Record Nr. 2491988) were anesthetized with 2% xylazine (40 mg/kg/IM) and 1% 
ketamine hydrochloride (60 mg/kg/ IM), euthanized by administration of 2.5% thiopental sodium (60 mg/kg/EV); 
frozen and sent to the Laboratory of Anatomy of Domestic and Wild Animals, UNIVASF, Petrolina-PE, Brazil. 
After thawing, the cadavers were opened by removal of the plastron and the penis was dissected, fixed in 10% 
buffered formalin for 18 h and immersed in 70% ethanol for histological processing and staining by EH. This study 
was approved by the Human and Animal Experimental Ethics Committee of UNIVASF (Protocol nr. 0001/160412). 
The penis was a muscle organ, odd, with dark pigmentation and positioned longitudinally from the ventral wall of 
the cloaca. It had the root, which included bulbar and initial portion of the organ; the body composed of corpora 
cavernosa interspersed by a longitudinal spermatic groove and the glans that was terminal portion of the organ. It 
was retractile and had only copulatory function, because the ureters were short and opened directly into the cloaca, 
whereas the deferent ducts lead into a groove at the base of the penis. Microscopically had a cylindrical shape 
formed by the corpora cavernosa, which contained spaces covered by endothelium interlaced with collagen, 
fibroelastic connective tissue and smooth muscle and the presence of a central groove. The wall of the erectile body 
contained collagen fibres arranged in alternating layers, and in each layer fibres were either parallel to the long axis 
of the penis or perpendicular to it. This was the first study to describe the penis of Trachemys scripta elegans, which 
has homologous structures to the mammalian penis, except for the absence of the corpora spongiosum and penile 
urethra. 
 
Acknowledgments: CNPq, UNIVASF. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE), August 14 to 17th, 
2014, Natal, RN, Brazil. Abstracts. 

 

Anim. Reprod., v.11, n.3, p.297, Jul./Sept. 2014 297 

A017  Male Reproductive Physiology and Semen Technology 
 

Dilution and temperature alter the pH and viability of cooled equine spermatozoa 
 

J.M. Trentin1, L.B. Araujo2, M.L. Jardim2, K.V. Aires2, R.O. Schenatto2, L.A.M. Centeno2, A.P. Martini2, 
G.A. Pessoa1, M.I.B. Rubin2 

 
1UFRGS; 2UFSM. 
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This research evaluated the effect of temperature (5° or 15°C) and dilution of semen (1+1, 1+2 and 1+3) cooled for 
48 hours on the viability of spermatozoa of Brazilian ponies. Nine ponies, aged 7-12 years, underwent semen 
collection (two ejaculates/pony) in January to June/2013. Semen was diluted in 2.4g of non-fat dried skimmed milk, 
4.9g of glucose and 95ml ultrapure water. Each ejaculate was split into six fractions and diluted 1+1, 1+2 and 1+3. 
Samples were subjected to assessment of motility, mitochondrial activity and pH immediately after collection, 24 
and 48 hours after cooling. Mitochondrial activity was evaluated according to Aziz et al., 2005 (Theriogenology, 64, 
1350–1356, 2005). The diluted semen was stored in a refrigerator at 5±1.6°C and Botubox® at 15°C for 48 hours. 
Variance analysis and comparison of means by Duncan's Test were done using SAS® software. Findings among 
dilution of fresh semen were similar (P > 0.05). At 24 and 48 hours of cooling, the 1+1 dilution resulted in lower 
progressive motility (PM) (P < 0.001) at 15°C (22.5±9.11, 11.66±7.66) and 5°C (15.83±11.66, 4.77±7.13). At 24 
hours, progressive motility at 5 or 15°C was similar among the dilutions 1+2 (36.66±12.36, 42.77±14.26) and 1+3 
(42.5 ± 11.53; 44.72±11.94). At 48 hours, PM was higher (P <0.001) on samples diluted in 1+3 at 15°C 
(39.72±12.65) than at 5°C (31.38 ±14.32). The mitochondrial activity revealed a similarity between dilutions of just 
diluted semen and cooled semen. The semen pH immediately after dilution did not differ among the three dilutions 
(7.25±0.17, 7.13±0.21, 7.12±0.15) and increased with cooling. Dilutions 1+2 and 1+3 were similar at 5°C 
(7.48±0.27 and 7.45±0.14, 7.42±0.11 and 7.35±0.1) and 15°C (7.42±0.2 and 7.32±0.23, 7.36±0.12 and 7.25±0.17) at 
24 or 48 hours of cooling. The 1+1 dilution resulted in higher pH values in both 5°C (7.66±0.42 and 7.6±0.25) and 
at 15°C (7.65±0.24 and 7.5±0.29) in 24 and 48h. At 5°C, the pH remained elevated during the 48 hours of cooling, 
but at 15°C pH increased in the first 24 hours and decreased again at 48 hours. Those samples never reached the pH 
of the just diluted semen. For transportation up to 48 hours, the dilution of 1+3 at 15°C was more appropriate. This 
dilution showed the smallest pH variation and better progressive motility. The dilution of 1+1 should not be used for 
cooling. Increasing dilution promotes sperm viability and does not interfere with mitochondrial activity. Storage and 
temperature affect pH of semen diluted in skimmed milk and glucose. The absence of buffer in the diluent may have 
caused variations in the pH of cooled semen. Changes in pH can also be related to the percentage of live sperm 
during storage, samples with higher PM showed lower pH values. 
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Acute toxicity of cryoprotectants in Rhamdia quelen spermatozoa 
 

L.M. Agostinho, C.R.F. Guatolini, C.A. Agostinho, M.D. Lopes 
 

UNESP. 
 
 
Keywords: cryoprotectants, Rhamdia quelen, spermatozoa.  
 
Sperm cryopreservation in fish has been developing last years and some protocols were defined. Before any protocol 
of cryopreservation it should be evaluate the acute toxicity to indicate the leadt harmful cryoprotector. The 
objectives of the present study were to evaluate the acute toxicity of 5, 10, 20 and 30% methanol, dimethyl sulfoxide 
(DMSO), and methyl glycol at the times 0, 5, 10 and 25 min. Mature males of Rhamdia quelen were used as gamete 
donors, they were raised in Aquaculture Station of Faculdade Medicina Veterinaria e Zootecnia - Universidade 
Estadual Paulista – Botucatu, Brazil. Semen was collected by abdominal massage. After the collection, sperm 
concentration was checked by using a Neubauer counting chamber. To the acute toxicity test we used spermatozoa 
samples with 80% motile cels. Three cryoprotectants, methanol, dimethyl sulfoxide, and methyl glycol were used at 
final concentrations of 5, 10, 20 and 30%. Cryoprotectant solutions were prepared in Hanks (300mOsmol/Kg). 
Sperm motility was estimated by activating spermatozoa with. The addition of 10 µL of distilled water was used to 
activate 1 µL of sperm suspension placed on a glass slide without the use of a coverslip. Acute toxicity data were 
analyzed using ANOVA and Tukey test. No sperm motility was observed when the semen was exposed at 
concentrations of 20 and 30% of the three cryoprotectants. There was no difference in motility between MeOH 
(51.11%), MG (46.67%) and DMSO (34.44%) at a concentration of 10% cryoprotectants. The concentration of 5% 
motility was similar to MeOH (72.22%) and MG (75.56%), and both were higher (p <0.05) than DMSO (46.67%). 
Within the cryoprotectants, the concentration of 5% was higher (p <0.05) than concentration of 10% MeOH and 
MG, but it did not differ for DMSO. These results indicate Methanol and methyl glycol as cryoprotectants in 
Rhamdia quelen spermatozoa. 
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Inclusion of 10% seminal plasma in swine thawing extender improves motile and 
progressive spermatozoa 

 
M.A. Torres1, G.M. Ravagnani1, M.L. Oliveira1, D.F. Leal1, S.M.M.K. Martins1, G.A. Campos1,  

B.B.D. Muro1, A.S. Moretti1, F.O. Papa2, A.F.C. Andrade1 
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Keywords: CASA, seminal plasma, spermatozoa. 
 
The presence of seminal plasma (SP) damages spermatozoa during cryopreservation, but it is necessary in thaw 
media to improve semen quality (Okazaki et al, 2009, Theriogenology, 71, 491-498). Thus, we tested the addition of 
10% SP in thawed boar semen. Four sperm-rich fraction collections from six boars (n=24) were made. Samples 
were divided in three aliquots namely no-centrifuged (NC), centrifuged resuspended (CR) and centrifuged without 
SP (CS). After centrifugation (500xg/10min) of CR and CS, the supernatant (SP) of CS was removed and the sample 
recentrifuged (2500xg/30min), after that SP was filtered through 0.22µm membranes and stored at -80°C for future 
use. CR was resuspended in its own SP. All treatments were extended in freezing extender (Botupharma®, 
Botucatu-SP, Brazil) to obtain a final concentration of 300x106 sperm/mL. The extended semen was packaged in 
0.5mL straws. The straws were freeze in an automatic system (TK Tecnologia em Congelação®, Uberaba-MG, 
Brazil) using a rate of -0.5°C/min until 5°C, -20°C/min until -120°C and then immersed in liquid nitrogen (-196°C). 
Two straws were thawed in water-bath at 37°C/30s and extended 1:1 (semen:extender) in freezing extender. From 
CS added 10% SP (v:v) in freezing media originated treatment centrifuged added SP (CP). The samples remained in 
water-bath at 37°C until 120 min, and evaluated at 5, 60 and 120 min. The samples were analyzed by the semen 
computerized analysis system (SCA-Microptic®, Microptic S.L., Barcelona, Spain). The experimental design was 
randomized blocks added to repeated measures in time factor. The data were analyzed by SAS program (SAS 
Institute Inc., 2010) and subjected to analysis of mixed models. The results did not show time x treatment 
interaction, and then the treatment effects were analyzed by orthogonal contrasts (centrifugation effect NCxCR; with 
SP effect CSxCP; without SP effect CSxNC+CP). The results did not show time x treatment interaction (P>0.05) for 
any of the variables (TM: 9.39 ± 1.11; 8.67 ± 1.05; 9.01 ± 1.3; 11.67 ± 1.24, PM: 7.61 ± 0.99; 6.91 ± 0.91; 7.48 ± 1.18; 
9.62 ± 1.24; among NC, CR, CS e CP respectively, P>0.05) thus, the principal effect was analyzed. The 
centrifugation did not affect (P>0.05) total and progressive motilities. Therefore, if variables had an effect, it was 
due to SP presence. Motile and progressive spermatozoa increased (P<0.05) with seminal plasma addition in thawed 
media. Removal of SP did not affect (P>0.05) the variables. Thus, addition of 10% SP after thawing improves 
semen quality. 
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Cellrox deep red® for the detection of oxidative stress in ram sperm by in vitro induction 
 

M.B.R. Alves, E.C.C. Celeghini, A.F.C. Andrade, R.P. Arruda, L. Batissaco, T.G. Almeida 
 

FMVZ-USP. 
 
 
Keywords: fluorescent probe, reactive oxygen species, semen. 
 
The sperm cell is highly susceptible to damage caused by oxidative stress (OS). It is one of the factors that are 
associated with male infertility. Therefore, it is very important to find new analyses methods that are easier to 
perform and read. The CellROX Deep Red Reagent® fluorescent probe (CAT 10422, Life Technologies, New York, 
USA) presents a number of advantages, but there are no published studies of its use on sperm. Thus, the aim of the 
present study is to evaluate the effectiveness of this method in samples of ram semen induced to in vitro OS. The 
analyses were conducted in four ejaculates of three White Dorper rams (n=12) that were between 14 and 24 months 
of age. Semen was collected by artificial vagina. The ejaculates were treated in T0, T50 and T100. T0 corresponded 
to the control semen sample that was not submitted to OS induction, T50 corresponded to the semen sample content 
50% without OS induction and 50% inducted to OS, and T100 corresponded to the semen sample that was entire 
submitted to OS induction. The OS induction was performed by adding iron sulfate (4 mM) and ascorbic acid 
(20 mM). For the preparation of the technique, 200 µL (25x106 spermatozoa/mL) of each semen sample (T0, T50 
and T100) was used and 0.5 µL of CellROX® (1 mM) and 2 µL of Hoechst 33342 (2.5 mg/mL, Life Technologies) 
were added. The semen sample was incubated at 37° C/30 minutes. After incubation, the sample was centrifuged at 
2,000g/5 minutes, the supernatant was removed and the pellet was resuspended in 200 µL of TALP sperm. The cells 
were classified as sperm under mild or no OS (unstained midpiece), sperm under moderate OS (midpiece stained 
pale red), and sperm under intense OS (midpiece stained strong red). Data obtained from T0, T50 and T100 
treatments were evaluated by analysis of variance (ANOVA) and the means were compared using Fisher's LSD test. 
OS data in T0, T50 and T100 treatments were subjected to linear regression analysis by Statview software (Stat 
View 1998, SAS Institute Inc., Cary, NC, USA). The experimental model used was: Y = a + bX, wherein Y is the 
estimative of OS due to treatment, a is the linear regression coefficient corresponding to the value of Y when X is 0, 
b is the regression coefficient for the percent of X on the response Y and X is the treatment. A significant difference 
(p<0.0001) in OS was observed between T0 (0.25±0.11%a), T50 (16.37±1.75%b) and T100 (30.83±3.57%c) 
treatments. As there were differences between the treatments, the results were submitted to linear regression 
analysis, resulting in the equation Y=12.33+2.381x and determination coefficient was of 0.728. Thus, it is possible 
to conclude that the CellROX® Deep Red probe is able to detect ROS production in spermatozoa, using the ovine 
species as the experimental model and the OS induction model with iron sulfate and ascorbic acid. 
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A021  Male Reproductive Physiology and Semen Technology 
 

IVF vs. ICSI: efficiency and “bull fertility effect” using sex sorted or non sorted semen in 
bovine 

 
N.G. Canel, R.J. Bevacqua, M.I. Hiriart, D. Salamone 

 
Lab. de Biotecnologia Animal, Fac. de Agronomia, Universidad de Buenos Aires. 
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The generation of bovine embryos by IVF is a biotechnology in expansion with a huge potential for animal 
production. However, in some cases, high value semen is not efficient for IVF. In those cases, ICSI is 
recommended. The application of sex sorted semen to both IVF and ICSI is one of the current main goals of applied 
reproductive biotechnology. The aim of this work was 1) to compare IVF and ICSI blastocyst rates, using sex sorted 
(X) and non sorted (NS) sperm; and 2) to evaluate the prevalence of bull factor over ICSI procedures, using both 
types of semen. To this aim, COCs were collected from slaughtered cow ovaries and IVM for 21 h. For IVF, 
Brackett and Oliphant protocol (1975) was used. Sperm concentration was 16x106/mL for NS groups (IVF-NS) and 
5x105/mL for X groups (IVF-X). For ICSI, NS or X straw were thawed (ICSI-NS and ICSI-X groups) and co-incubated 
with 50 ng/µL of pCX-EGFP. The expression of EGFP was considered an indicator of fertilization. Sperms were 
chemically or physically broken and used for ICSI. Oocytes were activated with 5 µM ionomycin for 4 min, placed 
3 h on TCM-199 and 3 h on 1.9 mM DMAP. For each repetition, 1-2 frozen straws were used for IVF and 1/4 of 
straw for ICSI. In assay 1, the medians and variances from all the embryos were compared between groups (IVF-
NS, IVF-X, ICSI-NS and ICSI-X) by Kruskal-Wallis and Dunn's multiple comparisons test. For assay 2, only data 
from procedures made with bulls whose straws were available in X and NS format were used. Blastocyst rates from 
each bull (3 bulls for IVF-NS vs. ICSI-NS and 5 for IVF-X vs. ICSI-X) were analyzed by Two-way ANOVA, not 
RM and Tukey's multiple comparisons test. Results: In assay 1, means±SD of blastocyst/total oocytes were 
24.8±20.7 (n=1972) for IVF-NS, 17.3±21.8 (n=1324) for IVF-X, 15.2±12.6 (n=350) for ICSI-NS and 9.3±5.5 
(n=511) for ICSI-X, with no differences between them. In Experiment 2, bull effect (P<0.01) and the interaction 
bull-treatment effect (P<0.05) was significant for non sorted groups. For sex sorted groups, the interaction bull-
treatment effect was considered very significant (P<0.01). Bull effect (P<0.05) was significant for IVF-X, while 
ICSI-X was the only group which did not show differences between bulls. Conclusion: The ARTs assayed are 
equally efficient for in vitro blastocyst production, using X and NS semen. If in addition to the efficiency of the 
techniques, we consider the volume of X semen used and its cost, ICSI shows an advantage over IVF. We can also 
say that bull fertility affects IVF results, with X and NS sperm, as was previously described. For the first time, we 
report a bull effect over ICSI procedures, which is not evident when X sperm is used. These results suggest that ICSI 
could be a good strategy for embryo production, in particular cases (poor sperm quality, quantity, or availability) of 
sex sorted sperm from bulls of high genetic value. 
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Epididymal and testicular temperatures of Morada Nova and Santa Inês sheep breeds 
during Summer in a tropical environment 
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High relative humidity and ambient temperature are characteristics of a tropical climate and influence negatively 
animals mechanisms of heat exchange. Testicular thermoregulation is dependent on the individual ability 
thermolysis and failures in this process lead to functional impairment of testes. Sheep kept under high temperatures 
and humidity can present temporary or permanent infertility. For this reason, search and selection of heat tolerant 
breeds favor reproductive function, despite challenges posed by tropical climate. Native breed Morada Nova is 
considered adapted and the interest for their productive attributes and rusticity has grown each day, constituting an 
alternative for meat production and quality leather. However, for greater integration in production systems, this 
germplasm needs to be better investigated and understood. The aim of this study was to evaluate rectal temperature, 
testicular and epididymal surface temperatures of individuals Breeds Morada Nova (MN) and Santa Inês (SI) in 
order to compare efficiency racial regarding maintenance of body and testicular homeothermy. The experiment was 
conducted at Embrapa Southeast Livestock, in Sao Carlos - SP ( 21 ° 57'42 " S , 47 ° 50'28 " W , elevation 860m ), 
local of altitude tropical climate type (Cwa). 16 adult sheep (Ovies aries) were used, 7 MN and 9 SI, kept in 
paddocks of star grass (Cynodon nlemfuensis), supplemented with mineral salt, with access to drinking fountain for 
water consumption ad libitum. Between the months of December 2013 and February 2014, monthly campaigns of 
three consecutive days were conducted to measure rectal temperature (RT), with clinical thermometer, surface 
temperatures of dorsal poles (TESTD) and ventral poles of the testes (TESTV ) and surface temperature tail of the 
epididymis ( EPID), obtained with infrared thermometer. The measurements were performed during the morning 
(07h30 to 10h00) and afternoon (13:30 to 16:30). Experimental data were analyzed using the program BioEstat 5.3. 
Descriptive analysis was followed by an evaluation of the normal distribution of the same, using the Kolmogorov - 
Smirnov test (KS test). Analysis of variance was applied followed by comparison of means using Tukey test at 5 % 
significance level. MN sheep showed lower rectal temperature than SI sheep (38.7 °C vs 38.9 °C, P < 0.01). There 
was no difference in TESTD (31.3 °C vs 31.3 °C), TESTV (30.3 °C vs. 30.5 °C) and EPID (29.2 °C vs 29.4 ° C) for 
MN and SI. Thus, Morada Nova breed resemble Santa Inês on the ability for testicular and epididymal 
thermoregulation.  
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Equine lyophilized seminal plasma improves the fertilizing capacity of frozen ovine semen 
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Keywords: CASA, flow cytometry, mitotraker. 
 
Seminal plasma (PS) is pointed as responsible for the protection and reversion of cell damage due to freezing. The 
limitations of using ovine seminal plasma, such as its reduced volume and the decrease in sperm concentration after 
its addition, can be circumvented by the use of lyophilized equine seminal plasma (PSLE). This study evaluated the 
addition of PSLE to the freezing medium of ram semen. Equine PS obtained by artificial vagina (AV) was 
centrifuged, lyophilized and subjected to protein dosage. The semen was obtained by AV from Lacaune breed 
rams, and diluted 1 + 3 with yolk Tris glycerol medium without lyophilized PS (control group - CG) or with the 
addition of the PSLE equivalent to 600μg/mL protein (PSLE Group). The diluted semen was loaded, cooled and 
frozen in TK 3000 machine, performed in eight repetitions, being evaluated two straws of each repetition. After 
thawing, the sperm kinetic was evaluated by CASA system and by flow cytometry on acrosome integrity (FITC - PSA), 
membrane fluidity and stability (YOPRO/M540 respectively), chromatin integrity (acridine orange), apoptosis 
(Annexin) and potential of mitochondria (Mitotracker). Finally, semen was subjected to heterologous IVF with 
bovine oocytes, and cleavage rates assessed. Data were subjected to analysis of variance and T test, with significance 
level of 5 %. No differences were observed on VAP (CG- 87.5 ± 3.9, 95.8 ± 3.8 - PSLE), VSL (CG- 69.3 ± 3.4, 
PSLE - 76 ± 4.5) BCF (CG- 31.5 ± 1.3, PSLE- 30.3 ± 1.4), MT (CG- 54.4 ± 4.2, PSLE - 56.5 ± 3) , MP (CG- 22,3 ± 3.1, 
PSLE - 25.3 ± 3), STR (CG- 75.9 ± 1.3, PSLE- 75.9 ± 1.7) and LIN (CG- 42.6 ± 1; PSLE- 40.4 ± 1.4) in the CASA 
system. Significant differences were observed in the parameters VCL (CG -163.5 µm/s, PSLE -186.2 µm/s) and 
ALH (CG- 9 µm, PSLE- 8.2 µm) of CASA. In flow cytometry the PSLE (38.9 %) showed higher amount of viable 
cells (non-apoptotic or necrotic) against CG (32.1%). In the other evaluations, no differences were observed, FITC - 
PSA (CG- 22.1 ±1.6 % and PSLE- 24.1% ±1.3), YOPRO/M540 (26.1 ±2.7 vs 28.3 ±2.3, viable with membrane 
stability) for PSLE and CG groups, respectively. In the Mitotracker evaluation, the values for high potential (27.9% 
±2.2; 27.9% ±2.2) were observed in both groups. With Acridine Orange, similar levels of intact (95.11% vs 95.12%) 
and DFI (DNA Fragmentation Index) (4.89% vs 4.88%) were observed in PSLE and CG groups. Cleavage in the 
PSLE group was higher (71.37 ±2.9%) than CG (43.23 ± 3.2%). The addition of PSLE to the diluent of ram semen 
improves post thaw viability parameters, increasing the ability of in vitro fertilization, which may represent an 
alternative to the use of frozen semen in sheep cervical insemination. 
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Effect of broiler chicken lines on sperm quality 
 

R. Zanella1, M.C. Ledur2, J.O. Peixoto2, C.F. Lúcio3, R.J.G. Pereira3, M. Nichi3, M.G. Marques2 
 

1EMBRAPA Suínos e Aves - Bolsista Jovem Talento/BJT-CNPq; 2EMBRAPA Suínos e Aves; 3FMVZ/USP. 
 
 
Keywords: chicken, genetic selection, semen. 
 
In the last decade an increase in the intensity of selection in broiler lines for faster growth rate and meat yield was 
observed. Recent studies have shown that the intensification of genetic selection has not just influenced production 
traits but also embryo development and their metabolic characteristics (DRUYAN, Poult Sci. v. 89, p.1457-67, 
2010). Therefore it was hypothesized that this intense selection has also affected reproductive traits as well as semen 
quality. The objective of this study was to compare the semen quality of two broiler chicken lines developed by the 
Embrapa Swine and Poultry National Research Center (TT and KK) that are under multi-trait selection. The TT is a 
broiler male line selected mainly for performance and carcass traits, and the KK is a broiler female line selected also 
for egg production. For this study, semen samples from 36 males with similar age from each line, housed in the 
same environmental conditions were collected using dorsum-abdominal massage. The semen was evaluated for: 
motility, plasma membrane integrity (Eosin/Nigrosin staining), acrosomal integrity (Pope staining) and 
mitochondrial activity, which was evaluated according to Hrudka (1987, Int J Androl 10, 809-28), modified for 3 
degrees (high, medium or absent, DAB1-3). Data was presented as percentage and it was evaluated using One-way 
Anova and Tukey test. Significance was considered if a p<0.05. Plasma membrane integrity was the only evaluated 
trait with significant difference between both lines (TT 89.30±1.02 and KK 93.25±0.76; p=0.0029). Even knowing 
that this two lines share similar genetic background and are imposed to different selection strategies, both lines 
presented high values for sperm membrane integrity, suggesting no influence on fertility. The average sperm 
motility was 48.88±3.21 and 55.13±3.8 (respectively for TT and KK; p=0.2139); the average acrosomal integrity 
was 90.86±1.1 and 92.94±0.66 (respectively for TT and KK; p=0.1099). Mitochondrial activity index was observed 
with high prevalence of active sperms in class 1 and 2, DAB1 52.7±3.53 and 49.03±3.81 (respectively for TT and 
KK; p=0.4823) and for DAB2 41.32±3.05 and 39.74±2.72 (respectively for TT and KK; p=0.702). These results 
suggest no significant differences in semen quality between female and male broiler lines, indicating that the 
selection imposed for different production traits in those lines will probably not interfere with loss of sperm fertility. 
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Correlation between spermatic concentration and vascular characteristics of testis using 
doppler ultrasonography in young Holstein bulls 
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The goal of this study was evaluate the correlation between testicular parenquima vascular perfusion, fluxometric 
parameters and spermatic concentration in young Holstein bulls. Twenty three bulls between 10 and 23 months age, 
maintained in intensive production system, in Pernambuco, northeast of Brazil were evaluated. The semen was 
collected by electroejaculation, submitted to semen quality assessment according to CBRA (2013) patterns, and the 
sperm concentration was performed using Neubauer’s chamber. The Doppler Triplex ultrasound exam was 
performed at the moment of clinical evaluation, to determine the testis parenquima perfusion (% of vascularized 
parenquima) and fluxometric parameters (Pulsatility and Resistence Indexes) of testicular artery in the spermatic 
cord. The data were analized by ANOVA, Student’s t test and Pearson’s correlation. The sperm concentration range 
from 10 x 106 to 690 x 106 spermatozoa/mL. No significant correlation was observed between parenquima perfusion 
and spermatic concentration (r=-0.046, P > 0.05). However, spermatic concentration was negatively correlated with 
IP (r = -0.446, P= 0.04) and IR (r= -0.449, P = 0.04). These results demonstrated that even though the spermatic 
concentration was not related to vascular perfusion, the fluxometric parameters of testicular artery could influence 
the sperm production. Thus, more studies are necessary to better understand the role of IP and IR in the testicular 
function. 
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A026  Male Reproductive Physiology and Semen Technology 
 

Addition of seminal plasma to thawed sperm boars and effect on plasma and acrosomal 
membrane integrity 

 
S.M.M.K. Martins1, M.A. Torres1, G.M. Ravagnani1, M.L. Oliveira1, D.F. Leal1, G.A. Campos1,  

B.B.D. Muro1, A.S. Moretti1, F.O. Papa2, A.F.C. Andrade1 
 

1FMVZ/USP; 2FMVZ/UNESP. 
 
 
Keywords: acrosome reaction, plasma membrane, seminal plasma. 
 
Sperm plasma membrane is the first structure to suffer the detrimental effects induced by cryopreservation (Bailey et 
al, 2008, Theriogenology, 70, 1251-1259). However, addition of seminal plasma (SP) to thawed sperm increases the 
percentages of cell with intact plasma and acrosomal membranes in equine (Andrade et al, 2011, Reprod Dom 
Anim, 46, 682-686). Thus, this trial was conducted to evaluate the effect of addition of 10% of SP to thawed sperm 
boars on plasma and acrosomal membranes integrity. Sperm-rich fraction from four ejaculates each from six boars 
were collected (n=24) and divided into three treatments (no centrifuged -NC, centrifuged resuspended-CRES and 
centrifuged without SP-CWSP). CRES and CWSP were obtained by centrifugation at 500xg/10min. CRES was 
resuspended in its own SP and CWSP supernatant was removed and then centrifuged at 2500xg/30min again and 
filtered through membranes with 0.22µm pores and stored at -80°C. The pellet of CWSP, CRES and NC treatments 
were extended in freezing extender (Botupharma®, Botucatu, Brazil), to obtain a final concentration of 
300x106sptz/mL, and stored in 0.5mL straws, after this, straws were freezed in a automatic system (TK Tecnologia 
em Congelação, Uberaba, Brazil) using a cooling/freezing rate: -0.5°C/min until 5°C; -20°C/min until -120°C and 
immersed in liquid nitrogen (-196ºC). Two straws per treatment were thawed using a water bath at 37°C/30sec and 
diluted in a 1:1 ratio in freezing extender. The centrifuged added SP-CASP treatment was originated from the 
CWSP after thawing. In CWSP was added 10% of SP (obtained after centrifugation) to extended thawing medium 
(v:v). The samples after remaining in water bath at 37°C were analyzed at three times 5, 60 and 120min. An aliquot 
was extended in TALP to concentration 5x106sptz/mL and stained with 2µL Hoechst 33342, 3µL propidium iodide 
and 10µL FITC-PSA. After 10min of incubation at 37°C, the samples were analyzed in flow cytometer (BD 
FACSAria-Becton Dickinson, San Jose, USA) to evaluate the population of spermatozoa with plasma and acrosomal 
membranes integrity (MIAI). Data were analyzed using the MIXED procedure (SAS, 2010). Treatments were 
evaluated using orthogonal contrast: centrifugation effect (NCxCRES); with SP effect (CWSPxCASP) and without 
SP effect (CWSPxNC+CASP). Differences were considered significant when p<0.05 and all results were expressed 
as means±SEM. There was no time x treatment interaction (p>0.05) and thus was only assessed the contrast effects. 
No difference were found (p>0.05) for any contrasts (4.5±0.6 %; 4.52±0.62 %; 5.65±0.77 %; 5.49±0.32 %, NC, 
CRES, CWSP and CASP, respectively). Thus, it can be stated that the removal of the SP before cryopreservation or 
the addition of SP after thawing did not affect (p> 0.05) the plasma and acrosomal membranes integrity of boar 
semen. 
 
Acknowledgments: FAPESP nº 2011/23484-8, 2013/08070-8 and Botupharma®. 
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A027  Male Reproductive Physiology and Semen Technology 
 
Effect of water intake with different salinity levels on the apoptosis of germinal epithelium 

cells from Morada Nova lambs 
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1Núcleo de Biotecnologia Aplicada ao Desenvolvimento de Folículos Ovarianos, UNIVASF; 2Laboratório de Fisiologia Animal, 
UNIVASF; 3EMBRAPA Semiárido; 4Laboratório de Bromatologia e Nutrição Animal, UNIVASF. 

 
 
Keywords: NaCl, ovine, seminiferous tubules. 
 
The aim of this study was to evaluate the influence of different concentrations of water salinity on the apoptosis of 
germinal cells of the seminiferous tubules from Morada Nova lambs. Thirty two Morada Nova lambs with seven 
months were used. The animals were distributed into four treatments according to the levels of sodium chloride 
(NaCl) added to the water for them to drink, and consequently, the levels of total dissolved solids (TDS): 665 
(control - treatment 1), 3.322 (treatment 2), 5.958 (treatment 3) or 8.614 (treatment 4) mg/L TDS. After 75 days, 
animals were killed and the testes were destined to histology and therefore to analysis of apoptosis in the germinal 
cells through TUNEL technique, using a kit for cell death detection (Roche Diagnostics Ltd., Indianapolis, USA). 
Sections of 5 µm were mounted on glass slides. Antigen retrieval was performed in sodium citrate buffer (Dinâmica, 
São Paulo, Brazil) for 10 min. Endogenous peroxidase activity was blocked by 3% H2O2 (Dinâmica) in methanol 
(Qeel, São Paulo, Brasil) for 10 min. The sections were incubated with TUNEL reaction mixture for 30 min. Then, 
the specimens were incubated with Converter-POD for 30 min. The DNA fragmentation was revealed by incubation 
of the tissues with diaminobenzidine (DAB; 0.05% DAB; Sigma, St. Louis, EUA) during 1 min. Finally, sections 
were counterstained with haematoxylin (Vetec, São Paulo, Brazil). For negative controls, slides were incubated with 
label solution (without terminal deoxynucleotidyl transferase enzyme) instead of TUNEL reaction mixture. The 
number of TUNEL positive cells was counted in randomly fields per treatment using Image-Pro Plus® software. 
The cells were considered TUNEL positive when they showed a brown staining. All data were submitted to Qui-
square test (P<0.05). The results showed that there was a significant increase in the percentage of TUNEL positive 
cells in treatment 4 (9.33%), i.e. the treatment with higher proportion of TDS, when compared with the control 
(0.4%) and other treatments (1.23% e 0.8% for treatments 2 and 3, respectively). There was no staining in the 
negative control. In conclusion, 8.614 mg/mL NaCl added to the water increases apoptosis in early spermatogonia 
and spermatide of the seminiferous tubules from Morada Nova lambs. 
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A028  Male Reproductive Physiology and Semen Technology 
 

Characterization of the L-ARG/PRKG1/CGMP signaling pathway in the in vitro 
capacitation of bovine spermatozoa 
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The sperm capacitation and acrosome reaction (AR) are essential events for successful fertilization of the oocyte, 
both in vitro and in vivo and, in cattle, are modulated by the action of nitric oxide (NO) (LEAL et al., 2009, Anim 
Reprod Sci, 116, 38-49). In humans, it was demonstrated that the NO-induced capacitation is mediated by 
NO/cGMP/PRKG1 pathway (ZHANG et al., 2007, Mol Reprod Dev, 74, 497-501). The addition of 10 mM of L-
arginine (L-arg, a precursor of NO synthesis) to the culture medium in vitro improved the parameters of motility, 
vigor, sperm capacitation and acrossome reaction of in natura bovine spermatozoa and contributed to a higher 
percentage of penetration of homologous oocytes (LEAL et al., 2009, Anim Reprod Sci, 116, 38-49). The Rp-8-Br-
PET-cGMPS (RP) is an antagonist of cGMP-dependent protein kinases G1 (PRKG1) and acts as a competitive 
inhibitor of cGMP by blocking ion channels in cGMP binding sites. In humans, RP inhibits the motility of 
spermatozoa when associated with a NO donor (MIRAGLIA et al., 2011, Reproduction, 141, 47-54). Therefore, the 
aim of this study was to determine whether the addition of L-arg is involved in capacitation of bovine spermatozoa 
via cGMP and/or PRKG1. Cryopreserved sperm from three Nellore bulls (Bos indicus) were used with six replicates 
for each bull (n=18). In vitro capacitation was induced in 200 μL of capacitating medium supplemented with 20 
μg/mL heparin (control) plus treatments, as follows: G1) 1mM L-arg; G2) 50 μM RP; G3) 50 μM RP and 1 mM L-
arg. The progressive motility and sperm vigor were subjectively assessed with the support of optical microscopy 
(100x amplification). Sperm capacitation was evaluated by fluorescent labeling of chlortetracycline (CTC), and the 
measurement of the concentration of cGMP was performed by ELISA. The results were assessed by analysis of 
variance (SAS, Statistical Analysis System, 1996). Spermatozoa from G1 showed a higher motility percentage 
(P<0.05) compared to control, G2 and G3 (60.56 ± 7.87 vs 50.56 ± 7.87, 51.67 ± 8.41, 51.11 ± 10.03, respectively). 
The vigor was higher (P<0.05) in G1 (2.67 ± 0.48) and lower in G2 (1.94 ± 0.53). G1 had a higher percentage 
(P<0.05) of capacitated sperm (69.82 ± 3.42) compared to control, G2 and G3 (59.89 ± 2.40, 51.06 ± 2.09 and 51.16 
± 3.00, respectively). The concentration of cGMP was higher (P<0.05) in G2 (3.65 ± 0.42) and G3 (3.76 ± 0.77) 
compared to control and G1 (2.45 ± 0.25 and 2.25 ± 0.72, respectively). There was no difference (P>0.05) in the 
concentration of intrasperm cGMP between control and G1. These results suggest that during in vitro sperm 
capacitation: 1) L-arg is not related to the increase of cGMP; 2) the activity of PRKG1 decreases the concentration 
of cGMP; and 3) the action of PRKG1 is independent of the action of L-arg. 
 
Support: CAPES, FAPERJ. 
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A029  Male Reproductive Physiology and Semen Technology 
 

Biotechnological applications of equine cooled semen after local treatment of  
seminal vesiculitis 
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The stallion affected by seminal vesiculitis presents a history of reduced fertility, ejaculatory disorders, transmission 
of pathogens sexually transmitted and changes in semen with reduction of it quality and longevity. The deleterious 
effects on semen are due to contamination with bacteria and inflammatory cells that promote agglutination, 
precipitation, decreased sperm motility and increased reactive oxygen species (ROS) and proinflammatory 
cytokines, which lead to deleterious effect more pronounced during the storage. Therefore, the aim of this study was 
to evaluate the quality of semen cooled to 5°C for 24 hours from stallions with seminal vesiculitis before and after 
local treatment. Five stallions with seminal vesiculitis were used and local treatment was performed by endoscopy 
for 10 consecutive days. This consisted of flushing with Ringer Lactate solution followed by infusion of the 
antibiotic of choice selected after antibiogram of bacterial culture of seminal vesicles flush. Two semen collections 
with 48 hours of interval were performed before (M0), after a week (M1) and after one month (M2) therapy. After 
collecting the semen was mixed to the extender BotuSemen (Botupharma ®, Botucatu / SP - Brazil) at a 
concentration of 50x106 sperm/mL. The sample was stored at 5°C in the isothermal container Botuflex (Botupharma 
® Botucatu / SP - Brazil) for 24 hours. After the storage period semen was placed in a dry water bath at 37°C for 5 min 
and subsequently evaluated for sperm kinetics, by CASA method, and the plasma membrane integrity was 
performed by the epi-fluorescence microscopy, using the combination of fluorescent probes carboxyfluorescein 
diacetate and propidium iodide. The data were analyzed by (two-way ANOVA) followed by Tukey’s test (p<0.05). 
The values (mean±SE) of seminal parameters on M0, M1 and M2 were the following, respectively: sperm kinetics 
(% total motility: 25.5±3.74a; 38.2±6.59b; 23.4±4.01a; % progressive motility: 9.0±2.12a; 15.2±2.95b; 9.5±2.06a; 
% rapid sperm: 13.4±2.03a; 20.5±3.71b; 11.9±2.83a) e plasma membrane integrity (% sperm with intact plasma 
membrane: 31.7±3.56a; 41.1±4.47b; 31.7±2.90a). In conclusion, the local treatment used in this study to seminal 
vesiculitis enabled better biotechnological utilization of equine cooled semen at 5°C for 24 hours after one week of 
therapy, since it promoted increased sperm quality regarding the sperm kinetic parameters and plasma membrane 
integrity. However, this effect was not maintained after one month of therapy, due to the similarity of sperm 
parameters at that time with the pre-treatment moment which could be explained by the recurrence of the disease. 
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A030  Folliculogenesis, Oogenesis and Superovulation  
 

Selection of porcine viable oocytes by brilliant cresyl blue test (BCB) at different  
exposure times 

 
A.A. Borges, M.L.T Santos, L.B. Queiroz Neta, M.V.O Santos, A.K.N. Feitosa, A.F. Pereira 

 
UFERSA. 
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In vitro embryo production (IVEP) is an excellent tool for genetic improvement and basic research in several 
species. Several parameters affect the efficiency of the technique, as the immature oocyte quality before in vitro 
development. In general, the brilliant cresyl blue (BCB) test has been used as a method of selection of these viable 
oocytes, which is based on the capability of glucose-6-phosphate dehydrogenase (G6PDH) to convert the BCB stain 
from blue to colorless. This enzyme is active in the growing oocyte, but has decreased activity in grown oocytes. 
Studies show that structures can be incubated for 90 min before maturation. However, the reduction of exposure 
time would be important to optimize IVEP. Therefore, the aim of this work was to select porcine viable oocytes 
using different exposure times with the BCB. Ovaries were recovered from a slaughterhouse and transported in 
saline solution at 30-35°C. All follicles (2-8 mm) were aspirated using 5 mL syringe with 22 G needle. The oocytes 
recovered were classified under stereomicroscope by morphological criteria as viables (≥ 1 layer of compact 
cumulus cells and homogeneous cytoplasm) and non-viables (< 1 layer of compact cumulus cells and heterogeneous 
cytoplasm). Subsequently, the structures were distributed in four exposure times to the staining agent (15, 40, 60 and 
90 min) and incubated in PBS containing BCB (26 µM, Sigma, USA) at 38.5°C. After each period, the oocytes were 
washed in PBS and classified as positive BCB (BCB+) or negative BCB (BCB-), according to blue or colorless 
cytoplasmic staining, respectively. All data were expressed as percentage and analyzed by the Fisher exact test using 
GraphPad Instat 3.06 software (P<0.05). After four repetitions, a total of 79 ovaries resulted in 614 structures, 
obtaining an average of 7.8 oocytes/ovary. Of these, 340 and 274 oocytes were classified as viable and non-viable, 
respectively, according to morphological criteria. The percentages of viable oocytes by BCB test were 29.5% 
(39/132), 73.8% (121/164), 83.8% (140/167) and 76.8% (116/151) for 15, 40, 60 and 90 min, respectively. Exposure 
times to BCB of 40 and 60 min were as effective as 90 min for the selection of porcine viable oocyes (P>0.05). 
However, the incubation of the structures for 15 min was not effective for oocyte selection (P<0.05). Additionally, 
except for the exposure time of 15 min, the percentage of viable BCB+ structures was higher when compared to 
BCB- oocytes (15 min: 33.8% (23/68) vs. 66.2% (45/68); 40 min: 67.8% (61/90) vs. 32.2% (29/90); 60 min: 90.1% 
(82/91) vs. 9.9% (9/91); 90 min: 97.7% (86/88) vs. 2.3% (2/88), P<0.05). In conclusion, oocyte staining with BCB 
may be useful for selection of porcine viable structures only if exposure time is greater than 15 min. 
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A031  Folliculogenesis, Oogenesis and Superovulation  
 

Effect of alpha lipoic acid on developmental competence of equine preantral follicles 
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The aim of this study was to evaluate the effect of adding different concentrations of alpha-lipoic acid on in vitro 
culture of equine preantral follicles. Ovaries (n = 5) from mares in the anovulatory season, were collected at a local 
slaughterhouse and washed in 70% ethanol and PBS. The internal region (parenchymal) was divided into 9 pieces of 
approximately 3x3x1 mm. One fragment was immediately fixed in Bouin (control) and the other 8 pieces were 
transported for one hour to the laboratory in PBS plus penicillin (200 IU/mL) and streptomycin (200 mg/mL) at 4°C. 
At  the laboratory, 8 fragments were individually cultured in culture dishes at 39°C in an atmosphere with 5% CO2 
and air with saturated humidity for two (D2) or six (D6) days in 1 ml of minimum essential medium (MEM) - 
(Gibco BRL, Rockville, MD, USA) (osmolarity 300 mOsm/L pH 7.2) supplemented with ITS (6.25 ng/mL insulin, 
6.25 ng/mL transferrin, 6 25 ng/mL selenium), 0.23 mM pyruvate, 2 mM glutamine, 2 mM hypoxanthine, 1.25 mg/mL 
bovine serum albumin, 200 IU/mL penicillin and 200 mg/mL streptomycin (MEM+). Treatments consisted of 
MEM+ supplemented with different concentrations of alpha-lipoic acid (50, 100, or  250 ng/mL). Medium was 
replaced every two days. After culture, ovarian fragments were fixed in Bouin and processed for histology. Follicles 
were classified according to their stage of development in primordial, primary, secondary and antral follicles, and 
according to their morphology in normal or degenerated. Data were compared by nonparametric analysis of variance 
(Kruskal Wallis test), considering 5% significance level. Overall, 795 slides were evaluated containing 5,205 
sections. Follicles were present in 37.6% (1957/5205) of the histological sections, and 56.3% of them were 
morphologically normal. Regarding follicular development, fragments treated with MEM (D2) 50 ng/mL of alpha 
lipoic acid (ALA 50 D6), ALA 100 (D6) and ALA 250 (D6) had a higher percentage of developing follicles in 
comparison with primordial follicles. The control group showed a higher proportion of primary (84.4%) than 
developing follicles (15.6%). We conclude that alpha lipoic acid at 50 ng/mL was effective to promote the 
development of equine primordial follicles in culture for six days. 
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A032  Folliculogenesis, Oogenesis and Superovulation  
 

Kit ligand promotes the transition from primordial to primary follicles after in vitro 
culture of ovine ovarian tissue 
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In vitro studies have showed that Kit Ligand (KL) maintains survival, promotes growth (Jin et al, Mol. Reprod. Dev. 
70, 82–90 2005; Reynaud et al, Mol. Reprod. Dev. 56, 483–494, 2000) and activation (Celestino et al, Mol. Reprod. 
Dev. 77, 231 - 240, 2010; Lima et al, Cells Tissues Org. 195, 260–271, 2012; Parrott e Skinner, Endocrinology 140, 
4267-4271, 1999) of ovarian preantral follicles in different species. However, the effect of different concentrations 
of KL on in vitro development of preantral follicles enclosed in ovine ovarian tissue has not been evaluated. The aim 
of this study was to evaluate the effect of KL on the morphology and development of ovine preantral follicles in 
vitro. After collection of ovaries (n=8) in a slaughterhouse, one fragment of ovarian tissue was fixed for histological 
analysis, corresponding to fresh control. This fragment was dehydrated, diafanized and stained with Hematoxylin-
Eosin. The remaining fragments were cultured for 7 days in α-Minimal Essential Medium (α-MEM – GIBCO, 
Invitrogen, St Louis, EUA) supplemented with hypoxantine, glutamine, ascorbic acid, bovine serum albumin (BSA) 
and ITS (insulin, transferrin and sodium selenite) (Sigma Chemical Co., St. Louis, MO, USA) in the absence 
(control medium) or presence of KL (1, 10, 50, 100 or 200 ng/mL; Sigma Chemical Co., St. Louis, MO, USA). 
After culturing, the morphological analysis of preantral follicles was performed by histology, and follicles were 
classified as normal or atretic according to the absence or presence of cytoplasmic retraction, nuclear pycnosis 
and/or disorganization of granulosa cells, as well as primordial, primary and secondary follicles. The percentages of 
normal follicles and follicles at each stage of development were compared by ANOVA and Tukey’s test (P<0.05). 
After 7 days of culture, all the treatments reduced (P<0.05) the percentage of morphologically normal follicles 
compared to fresh control. In addition, a decrease (P<0.05) in the percentage of primordial follicles and an increase 
in the percentage of primary follicles was observed at the concentration of 100 ng/mL KL, compared with the fresh 
control, control medium (α-MEM) and the other concentrations of KL. In conclusion, 100 ng/mL KL promotes the 
transition from primordial to primary follicles (follicular activation) after in vitro culture of ovine ovarian tissue. 
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Proliferative activity of multi-oocytes follicles in ovine ovaries 
 

C.B. Costa1, R.L. Oliveira2, C.B. Silva3, L.A. Lisboa2, D.F Higashi2, F.D. Sarapião2, S.M. Gonzalez2,  
M.M. Santos2, I. Búfalo2, M.M. Seneda2 

 
1UEL; 2Universidade Estadual de Londrina UEL; 3UNOPAR/UEL. 

 
 

Keywords: cpna Ki-67, folliculogenesis, immunohistochemistry.  
 
Multi-oocyte follicles (MOFs) have been often described in studies of follicular population. However, their 
development and proliferative activity are poorly studied. The purpose of this study was to determine the frequency 
and activity of multi-oocytes follicles in ovine ovaries. Pairs of ovaries (n = 32) obtained from a slaughterhouse 
were evaluated for cell proliferative activity through the expression of Proliferation Cell Nuclear Antigen (PCNA) 
and the protein detected by the antibody Ki-67. The analysis for CPNA was performed by histological score and due 
to the absence of normality and homoscedasticity, data were analyzed using the Wilcoxon test for dependent 
samples. There was immunostaining for PCNA in all stages of follicular development and there was no 
difference (p > 0.05) between the immunoblots of oocytes from follicles containing one oocyte and multi-oocytes 
follicles. Multi-oocytes follicles were found in greater amounts in the left ovary (p = 0.03). There was no positive 
immunostaining for Ki-67 in primordial follicles. However, in all other development stages, Ki-67 immunostaining 
was observed in follicles with one oocyte and MOFs. Thus, MOFs in sheep ovaries showed proliferative activity and 
are possibly able to develop to antral stages. 
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or more oocytes in sheep ovaries 
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The investigation of morphological characteristics of the population of preantral follicles is important for the 
understanding of physiological processes such as folliculogenesis and for new reproductive strategies. The aim of 
this study was to morphologically characterize the population of sheep ovarian follicular reserve. Ovine 
ovaries (n = 32) were histologically processed and analyzed by light microscopy. The follicles and oocytes showed 
the following average diameters: (primordial with one oocyte) 30.96 ± 4.6 m and 25.09 ± 1.61 mm; (multioocyte  
primordial) 48.62 ± 5.66 m and 24.31 ± 3.35 mm; (primary) 50.96 ± 8.52 m and 34.42 ± 4.50 mm; (secondary) 
86.48 ± 21.85 m and 49.01 ± 11.49 mm; (antral) 226.26 ± 69.93 m and 66.26 ± 11.01 micrometers. Data were 
compared were using the Wilcoxon test for dependent samples. There was no difference between oocyte diameter in 
primordial follicles with one or more oocytes. Multioocyte follicles at the primordial stage were observed in greater 
amounts than secondary follicles, and their prevalence was similar in the right and left ovaries (p = 0.792). 
Regarding the macroscopic analysis, data were subjected to Spearman correlation test. There was a positive 
correlation between follicular population and ovarian diameter (p < 0.01), ovarian weight (p < 0.05) and ovarian 
volume (p < 0.05). The was not correlated with the other variables. However, correlation of total number of 
multioocyte follicles with follicular average population approached significance (p = 0.056). These results suggest 
that multioocyte primordial follicles have morphology and developmental capacity similar to primordial follicles 
with one oocyte. 
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Immunohistochemical assessment of cellular proliferation in multioocyte follicles from  
Bos indicus ovaries 
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The objective of this study was to evaluate by immunohistochemistry cellular proliferation in multioocyte follicles 
from bovine adult ovaries. Ovaries (n=12) from Nelore heifers obtained at a slaughterhouse were fixed in Bouin and 
submitted to histological processing. Slides were prepared in duplicate (PAS staining-Schiff and 
Immunohistochemistry) with sections of 5 µm. Screening for multioocyte follicles was performed on PAS stained 
slides. All multioocyte follicles were submitted to immunohistochemistry with anti-PCNA (Clone PC1O, ZYMED® 
Laboratories). The level of PCNA-positive cell proliferation was assessed in granulosa cells (score ranging from one 
to four) and oocytes (qualitative assessment). Data were evaluated only for qualitative aspects and therefore will not 
be expressed numerically. Data were subjected to ANOVA (p ≤ 0.05). From 12 ovaries examined, we found 12 
multioocyte follicles, containing from two to three oocytes. These structures were found predominantly in 
primordial follicles (n = 10) and primary follicles. There was no difference (p > 0.05) in cell proliferation of 
granulosa cells from primordial and primary follicles. However, there was a trend of increase in mitotic activity of 
granulosa cells from follicles multioocyte compared to other follicles. For the mitotic activity in oocytes, PCNA 
immunostaining was positive in follicles at different stages of development. Immunostaining was stronger in 
oocytes from multioocyte follicles (p < 0.05), reinforcing the proposition that multioocyte follicles are in constant 
proliferation. Based on these results, we concluded that adult Bos taurus indicus cattle present multioocyte follicles 
in early stages of development. The oocytes enclosed in multioocyte follicles do not display the same pattern of 
PCNA immunostaining, suggesting they are in different stages of development and/or there is some kind of 
competition or dominance between them. 
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The aim of this study was to evaluate the effect of different concentrations of EGF on in vitro culture of preantral 
follicles enclosed in equine ovarian fragments. Ovaries (n=5) from mares in seasonal anoestrus were collected from 
a local slaughterhouse, washed in PBS and ethanol 70% and transported for one hour in PBS plus penicillin 
(200 IU/mL) and streptomycin (200 mg/mL) at 4°C. At the laboratory, the internal part (parenchyma) of the ovary 
was divided into 11 fragments of approximately 3x3x1 mm (125-135 mg). One fragment of each ovary was 
immediately fixed in Bouin (control, D0). The other 10 fragments were individually cultured in culture dishes 
containing 1mL aliquots of MEM (Gibco BRL, Rockville, MD, USA) (osmolarity 300 mOsm/L, pH 7.2) 
supplemented with penicillin (100 IU/mL) streptomycin (100 mg/mL), bovine serum albumin (1.25 mg/mL- Gibco 
BRL, Rockville, MD, USA), ITS (insulin - 6.25 µg/mL transferrin - 6.25 µg/mL selenium - 6.25 ng/mL), pyruvate 
(0.23 mM), glutamine (2 mM) and hypoxanthine (2 mM), which is referred  as MEM+. Culture was performed at 
39°C in an atmosphere with 5% CO2 in air and saturated humidity for 2 days. Medium was supplemented with 
different concentrations of EGF (10, 50, 100 and 200 ng/mL). After culture, fragments were fixed in Bouin and 
processed for histology. Follicles were classified according to their stage of development as primordial, primary, 
secondary and, and according to their morphology as normal or degenerated. Data were compared by nonparametric 
analysis of variance (ANOVA, P<0.05). A total of 450 slides containing 1800 sections were analyzed including the 
control group and treatment groups. Overall, 198 follicles were identified, of which 93 (47%) were primordial, 105 
(53%) were developing and 58% were classified as morphologically normal. Follicular development was observed 
in all tested concentrations of EGF (MEM - 75% (3/4), 10ng/mL - 100% (4/4), 50ng/mL - 85,7% (12/14), 100ng/mL 
- 100% (6/6) e 200ng/mL - 96% (24/25)). We concluded that MEM+ medium supplemented with these 
concentrations of EGF allowed development of follicles in equine ovarian fragments cultured for two days. 
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The Felidae family consists of 37 species, of which only the domestic cat is not at risk of extinction. Preantral 
follicles (PAF) are a source of gametes with the possibility to produce thousands of oocytes for assisted 
reproduction biotechnologies. However, for this purpose, to maintain the quality of the follicle after removal and 
transport of the ovaries to the laboratories is a challenge. In an attempt to improve the conditions ofor conservation 
of PAF, several media have been tested at different temperatures and times. However, most of this research has been 
done with ovaries from livestock animals; there are no reports in the literature on how to deal with feline ovaries. 
Thus, the aim of this study was to investigate the effectiveness of TCM 199 and PBS in the conservation of feline 
PAF at 4ºC for 24 hours. Ten ovaries of five cats (Felis catus) aging between 8 and 24 months were obtaneid 
following ovariohysterectomy.  Immediately after surgery, ovaries were washed with saline 0.9%, and the ovarian 
cortical layer was dissected and divided in six fragments of 3mm3: two fragments for the control group; two 
fragments preserved in TCM 199 (Sigma Aldrich, St. Louis MO, USA; T1) and two fragments preserved in PBS 
(Dulbecco's Modified DMPBS Flush - Nutricell, Campinas, SP, Brazil; T2). The control fragments were fixed in 
Carnoy, dehydrated in ethanol and embedded in paraffin. Ovarian fragments from T1 and T2 were kept at 4°C for 
24 hours and then fixed in paraffin as in the control group. Histological sections from the three groups (control, T1 
and T2) were stained with PAS-hematoxylin. 400 PAF were evaluated per treatment, using a optic microscope with 
400x magnification. PAFs were classified according to the stage of development in primordial, primary and 
secondary. Additionally, they were classified as normal or degenerated follicles. Data were analyzed by chi-square 
test (P < 0.05). The percentage of viable follicles after transport for 24 hours was 63%, 59% and 55% for the 
control, T1 and T2 groups, respectively. The viability of PAF in T1 was similar to the control group, but greater than 
in T2 (P > 0.05). T1 and T2 did not differ. Primordial follicles maintained higher viability rates when compared to 
developing follicles, regardless of treatment. We conclude that it is possible to maintain the viability of PAF from 
cat ovaries transported at 4°C for 24 hours  using TCM 199; and primordial follicles have higher viability when 
compared to developing follicles. 
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The aim of this study was to evaluate the effect of different energy sources on survival, growth and maturation of 
oocytes from goat preantral follicles cultured in vitro. For the experimental design, before being slaughtered, goats 
used in the current experiment were fed during 30 days with: 1) carnaúba, 2) cassava e 3) cashew. The ovaries from 
six animals/group were obtained in a local abattoir. Preantral ovarian follicles were isolated from the ovarian cortex 
and individually cultured for 36 days in basic medium (α-MEM supplemented with bovine serum albumin (BSA), 
insulin, transferrin and selenium, glutamine, hypoxanthine, ascorbic acid and FSH at increasing concentrations (D0-
D6: 100 ng/mL; D6-D12: 500 ng/mL; D12-D36: 1000 ng/mL). Every 6 days, follicular development was evaluated 
to determine follicular survival, antral cavity formation, follicular diameter and oocyte growth. At the end of culture, 
oocytes were submitted to in vitro maturation (IVM). COCs were incubated during 32 in 100 µL drops of TCM 199 
supplemented with 1 µg/mL 17-β-estradiol, 5 µg/mL LH, 0.5 µg/mL rFSH, 10 ng/mL EGF, 1 mg/mL BSA, 
22 µg/mL piruvate, 50 ng/mL IGF-I, and 100 µmol/L cisteamine. Follicular survival, retrieval of grown oocytes for 
IVM, antrum formation and meiotic resumption after in vitro culture were compared using Chi-square. Results are 
expressed as mean ± standard deviation (SD) and differences were considered to be significant when p<0.05. In all 
groups tested, the percentage of antrum formation and follicular diameter increased from Day 0 (0% - 152 µm) to 
Day 6 (40% - 312 µm) (p<0.05). Moreover, a reduction in follicular survival was also observed in all groups from 
Day 0 (100%) to Day 12 (85%) of culture (p<0.05). However, follicular survival (70%), follicular diameter 
(532 µm), antrum cavity formation (88%) and number of oocytes reaching 110 µm after culture (30%) did not differ 
between diets (p>0.05). In conclusion, with these culture conditions, goat preantral follicular development is not 
influenced by energy sources. 
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Effects of treatments to induce puberty and increase pregnancy rate in heifers in native 
pastures of Pantanal. 
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Early puberty and age at the onset of reproductive life are factors that increase the profitability of cattle production. 
In extensive pasture systems with low nutritional pastures, such as the Pantanal, the mating age in Nelore heifers is 
about three years. Ovulation in Bos taurus prepubertal heifers using prostaglandin F2α (PGF2α) has been previously 
reported. This work aimed to evaluate two hormonal protocols to promote first ovulation in prepubertal heifers and 
to elevate pregnancy rates in Nelore heifers. 222 Nelore noncyclic heifers (absence of CL after two gynecological 
exams 11 days apart) with ages averaging 715 days and weighting 275.57 ± 10.43 were submitted to three 
treatments: Control (n = 73)- heifers received two applications of 2 ml physiological solution on the same days of 
treatments in T1 group; T1 - PGF (n=74) , heifers received two doses of PGF2α (0.530 mg sodium cloprostenol; 
Sincrocio; Ouro Fino) 5 days apart, the first coinciding with D0 in T2 group; T2 - CIDR (n = 75)- heifers received 
an intravaginal device (P4) previously used 3 times (24 days; CIDR, Zoetis, São Paulo, SP) on D0, which remained 
for 8 days and an injection of PGF2α (0,530 mg; Sicrocio; Ouro Fino) on the day of implant removal. After the 
treatments the diameter of the preovulatory follicle and ovulation rate were evaluated in 4 transrectal 
ultrasonography examinations 3 days apart. After the evaluation period, heifers were grouped and mated with bulls 
previously evaluated at a 1:20 bull:cow ratio. Pregnancy diagnosis was performed 40 days after the breeding period 
by transrectal ultrasonography and pregnancy rates were assessed by logistic regression using PROC LOGISTIC of 
SAS software. The ovulation rate was not increased in T1 and T2 groups compared to the control (P > 0.05), and 
pregnancy rates did not differ (P > 0.05) between the control group (36.99%), PGF (35.14% ), and CIDR (46.67 %), 
despite the 10% difference found in the T1 compared to T2. In conclusion, alternatives like the reutilization of P4 
devices or PGF2α to induce ovulation and increase pregnancy rates were not effective in pre pubertal Nelore heifers 
kept in native pastures in Pantanal. 
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Follicular development in ovarian autografts in the perimetrium and subcutaneous tissue 

of Balb-c mice 
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The aim of this study was to evaluate quantitatively and qualitatively follicles derived from autografts allocated in 
the subcutaneous tissue and perimetrium of mice. Twelve Balb-c female mice were randomly divided into three 
experimental groups with 4 animals in each group. Group I - control (non-transplanted animals), group II - animals 
that received the ovarian fragment in perimetrium, group III - animals that had the abdominal subcutaneous tissue as 
the receptor site. In transplanted animals, the left ovary was removed and used for other studies, while the cortex of 
the right ovary was fragmented and reimplanted according to the group description. Thirty days after surgery, mice 
were euthanized, transplants removed and histologically processed. The percentages of ovarian follicle categories 
(normal and atretic) were compared using the chi-square test (p < 0.05). Follicles were classified qualitatively 
(normal and atretic) and morphologically (primordial, transitional, primary, secondary, early antral, antral and pre-
ovulatory). No statistical difference was observed in the percentage of atretic follicles. The percentages of follicles 
in differente morphological categories did not vary either, except for pre-ovulatory follicles (group I = 1.4%, group 
II = 2.6%, group III = 11.3%). This difference was due to one of the subcutaneous transplants bearing only 1 
follicle, which was preovulatory. In all groups, the largest population of normal follicles was constituted of preantral 
follicles (group I = 84.8%, group II = 83.5%, group III = 69.4%), with the highest percentage of primordial follicles 
(group I = 28.2%, group II = 31.3%, group III = 25.8%), primary (group I = 27.5%, group II = 26.1%, group III = 
21.0%), followed by transitional (group I = 14.9%, group II = 17.4%, group III = 11.3 %) and secondary (group I = 
14.2%, group II = 8.7%, group III = 11.3 %). This was likely due to their small size and simple structure; they also 
have lower metabolism favoring survival in ischemic environments. In addition, they are predominantly located to 
the periphery of the ovarian cortex favoring the benefit from revascularization after transplantation. Thus, we can 
conclude that ovarian autotransplantation maintains the viability of the organ, allowing survival and development of 
follicles to more advanced stages including preovulatory. 
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This study aimed to assess ovarian follicular and luteal dynamics of Buffalo (Bubalus Bubalis) during breeding and 
non-breeding seasons. The study was conducted in the Equatorial Amazon (4º Latitude South, State of Maranhão, 
Brazil). Reproductive seasonality has not been assessed in the region of the study. Based on records of 
conceptions/births from the previous three years, a reproductive favorable season (FAV; July 2013) and an 
unfavorable season (UNFAV; January 2013) were determined. Twenty two multiparous nonlactating Murrah 
female buffaloes (Bubalus bubalis), with average body score 3.25±0.6 (Ranging 1 to 5) and bearing at least one 
follicle ≥ 8.5mm denoting ovulatory capacity were used. The same buffaloes were evaluated in both periods 
(january and july) and treated with two doses of PGF2alpha with a 14 day interval (0.50 mg of Cloprostenol, 
Sincrocio®, IM; Ouro Fino, Brazil). Ovarian dynamics was monitored daily starting 48 hours after the second dose 
of PGF. Jugular blood samples from all animals were collected daily to measure serum progesterone concentrations. 
Parametric variables were analyzed by ANOVA using SAS®. Breeding seasons and follicular waves were compared 
using Student's t test (PROC GLM). Hormonal concentrations were analyzed as repeated measures (PROC 
MIXED). Non- parametric variables were analyzed using the Wilcoxon test (PROC NPAR1WAY WILCOXON) 
and the binomial distribution by PROC GLIMMIX. The significance level was 5%. The general rate of cyclicity 
(presence of corpus luteum at the first PGF) differed significantly between seasons (13.6 % for UNFAV vs 72.7% 
for FAV, P<0.05). The presynchronization protocol was not effective in UNFAV, and was followed by anovulatory 
waves and turnover of dominant follicles up to 9.1 ± 0.2 mm in all animals. In FAV, only 18 females (81.8%) 
ovulated at regular intervals indicating occurrence of physiological estrous cycles. Of these, 15 females (83.3%) 
exhibited a two follicle wave pattern, two (11.1%) exhibited one follicular wave and only one (5.6%) had three 
follicular waves. Serum progesterone concentrations differed between UNFAV (0.9 ± 0.1 ng/mL) and FAV 
(7.2 ± 0.7 ng/mL) (P<0.05). Mean values for females with One vs Two vs Three follicular waves were, respectively: 
interovulatory interval (22.5 ± 2.5 vs 21.9 ± 0.6 vs 22.0 days), maximum diameter of the ovulatory follicle 
(12.5 ± 1.5 vs 12.1 ± 0.3 vs 9.0 mm), and length of luteal phase (10.5 ± 2.5 vs 13.0 ± 0.8 vs 14.0 days). In summary, 
the FAV period was characterized by cyclic ovarian activity with predominance of two follicular waves and the 
UNFAV period by turnover of anovulatory waves with persistent follicles. We concluded that nonlactating buffalo 
females display distinct reproductive patterns in favorable and unfavorable reprudcutive periods. 
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The aim of this study was to evaluate the effects of different concentrations of GDF-9 on in vitro culture of equine 
ovarian fragments. Ovaries (n=5) from mares in the anovulatory season were collected at local slaughterhouse and 
washed in 70º ethanol and PBS, and transported for one hour in PBS plus penicillin (200 IU/mL) and streptomycin 
(200 mg/mL) at 4ºC to the laboratory, where the internal portion of the ovary was divided into 9 pieces of 
approximately 5 x 5 x 1mm. One fragment of each ovary was immediately fixed in Bouin (control group, D0). The 
other 8 fragments were cultured individually in culture dishes containing 1mL of MEM (MEM control) or base 
medium supplemented with GDF-9 (0, 50, 100 or 200 μg/mL). MEM+ was MEM (Gibco BRL, Rockville, MD, 
USA – 300 mOsm/L osmolarity, pH 7.2) supplemented with pyruvate (500 μL), glutamine (500 μL), hypoxanthine 
(500 μL), ITS, BSA (1.25 mg/mL-Gibco BRL, Rockville, MD, USA), penicillin (500 μL) and streptomycin 
(500 µL). Culture was performed at 39°C in an atmosphere with 5% CO2 in air and saturated humidity for 2 or 6 
days. Medium was replaced every 2 days. After culture, fragments were fixed in Bouin and processed for histology. 
Follicles were classified according to their stage of development as primordial, primary, secondary and antral 
follicles, and according to their morphology as normal or degenerated. Data were compared by nonparametric 
analysis of variance (Kruskal Wallis test), considering significant differences with P<5%. Overall, 675 slides were 
evaluated with an average of 4 ovarian fragments in each. We found 552 follicles, of which 68 (12.3%) were 
developing follicles in the control group (MEM+), 355 (64.3%) were primordial, 197 (35.7%) were developing and 
379 (68.6%) were morphologically normal. Fragments cultured with 50 μg/mL of GDF-9 for two days of had higher 
proportion of developing follicles (9%; 50/552). We concluded that MEM supplemented with 50 µg/mL of GDF-9 
provided better follicle development during in vitro culture of equine ovarian fragments for two days. 
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The quantitative and qualitative efficiency of OPU with slaughterhouse bovine ovaries depends on several factors, 
as the specification of the needle and syringe. This procedure can cause morphological changes in the oocyte due to 
the physical impact generated by the procedure. These alterations are related to oocyte quality and competence and 
number of viable structures, which are important for the success of in vitro embryo production. Therefore, the aim 
of this work was to evaluate the effect of needle diameter and syringe volume on quantity and quality of bovine 
oocytes derived from slaughterhouse bovine ovaries. Follicles (2-8 mm) were aspirated using needles 18 G or 21 G 
and syringes 5 mL or 20 mL containing phosphate buffered saline solution, providing four experimental groups: 
18G5, 18G20, 21G5 and 21G20. After OPU, the follicular content was assessed under a stereomicroscope and 
oocytes were classified according to the number of cumulus cells layers and homogeneity of cytoplasm as: Grade I 
(≥ 3 layers of compact cumulus cells and homogeneous cytoplasm), Grade II (1-2 layers of compact cumulus cells 
and homogeneous cytoplasm), Grade III (< 1 layer of cumulus cells and heterogeneous cytoplasm) and Grade IV 
(degenerated oocyte). All data were analyzed by the Fisher exact test (P < 0.05). After 16 repetitions (four 
repetitions/ system), OPU from 114 ovaries resulted in 382 recovered structures, providing 3.3 oocytes/ovary and an 
overall recovery rate of 44.2% (382/864). The percentages of retrieved oocytes per aspirated follicle were 25.3% 
(43/170), 35.9% (103/287), 65.2% (103/158) and 53.4% (133/249) for groups 18G5, 18G20, 21G5 and 21G20, 
respectively. Differences were observed in all aspiration systems, and the system 21 G needle with the 5 mL syringe 
promoted the recovery of the largest number of structures (P < 0.05). For oocyte quality, the use of the 20 mL 
syringe (26.2%, 27/103) resulted in a lower percentage of grade I structures, when compared to the 5 mL syringe 
(41.9%, 18/43) with the 18 G needle (P < 0.05). However, no difference was observed between syringe volumes 
using a 21 G needle for percentage of grade I oocytes (21G5: 36.9%, 38/103 vs. 21G20: 48.1%, 64/133, P > 0.05). 
Additionally, differences in grade IV structures were only observed between syringe volumes with the 21 G needle 
(21G5: 33.0%, 34/103 vs. 21G20: 18.8%, 25/133, P < 0.05). Finally, no difference was observed between the 
systems for the percentage of grade II and IIII oocytes (P > 0.05). In conclusion, the system 21 G needle and 5 mL 
syringe was quantitatively the most efficient, although all systems performed similarly qualitatively. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE), August 14 to 17th, 
2014, Natal, RN, Brazil. Abstracts. 

 

324 Anim. Reprod., v.11, n.3, p.324, Jul./Sept. 2014 

A044  Folliculogenesis, Oogenesis and Superovulation  
 

Thermographic evaluation of ovarian tissue in autotransplanted Balb-c mice 
 

M.B. Bezerra, F.A. Santos, M.M.L. Pimentel, A.C.G. Texeira, N.O. Santos, M.F. Macedo,  
R.G. Izzo, A.R.F. Ricarte 

 
UFERSA. 

 
 

Keywords: ovary, thermography, transplantation. 
 
Infrared thermography has been tested in veterinary medicine as it is a fast and non-invasive method that allows a 
more precise diagnosis of diseases and physiological changes in tissues. This method consists in capturing the 
infrared radiation emitted by tissues and permits to infer about blood perfusion, which may indicate inflammatory or 
necrotic processes and if local perfusion is physiological. Thus, the present study aimed to assess tissue perfusion in 
autologous ovarian fragments transplanted under the kidney capsule, through the surface temperature obtained by 
infrared thermography during different phases of the autograft procedure in Balb -c mice. Sixteen sexually mature 
Balb-c females mice were anesthetized and submitted to laparotomy. An infrared thermographic camera (FLIR b60, 
InfraCAM Thermal Imager®) was used, the images were obtained 20cm from the tissue to be transplanted at three 
different moments: before tissue collection, when the ovary was exposed after incision (T1); immediately after 
transplantation, when fragments of approximately 1mm3 were transplanted under the kidney capsule (T2); and 30 
days after the procedure (T3), when the animals were submitted to laparotomy. Images were transferred to the Flir 
Quick Report 1.2 Software (Copyright© 2009) for the evaluation of surface temperatures in ovarian fragments at 
different times. The statistical analysis was performed using BioEstat 5.3, the results were expressed as means and 
standard deviations, and submitted to ANOVA and Tukey test for comparisons between T1, T2 and T3. Significant 
differences were considered when P <0.05. The mean values of surface temperatures at different times were: 29.7 ± 1.4 
for T1, 27.3 ± 1.4 for T2 and to 28.8 ± 1.4 for T3. A significant reduction in the temperature was observed after the 
transplant (T2), which is compatible with the period of tissue ischemia. Thirty days after transplant (T3), 
temperature was similar to that observed in T1 and there were no signs of tissue death. In this study, infrared 
thermography was able to detect ischemia and reperfusion in the transplanted autologous fragment, indicating that 
this method can contribute to monitor tissue perfusion and reestablishment after transplantation. 
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The aim of this study was to morphologically evaluate ovarian fragments derived from autografts allocated in the 
subcutaneous tissue and perimetrium of mice. Twelve Balb-c female mice were randomly divided in three 
experimental groups with 4 animals in each group. Group I was the control group (non-transplanted animals), group 
II consisted of animals that received the ovarian fragment in perimetrium, group III included animals that had the 
abdominal subcutaneous tissue as the receptor site. The left ovary was removed and used in other studies, while the 
cortex of the right ovary was fragmented and reimplanted according to groups description. Thirty days after surgery, 
mice were euthanized, transplants removed and taken to histology. Ovarian morphology data was expressed 
descriptively. Follicles were classified qualitatively (normal and atresic) and morphologically (primordial, 
transitional, primary, secondary, early antral, antral and pre-ovulatory). Presence of corpora lutea and 
neovascularization in transplants was reported as percentages. All follicles, corpora lutea and blood vessels reveal 
characteristics described by the literature (Pedersen, T. Journal of Reproduction and Fertility, vol. 17th, p. 555-557, 
1968) and no morphological differences were observed between these structures from fragments transplanted into 
the subcutaneous abdominal, into the perimetrium or from control nontransplanted tissue, suggesting that both sites 
allow ovarian development. Presence of corpora lutea was observed in 25% of the transplants located in the 
subcutaneous tissue and in 50% of those located in the perimetrium, indicating return to ovarian activity in these 
fragments. The presence of blood vessels was observed in 75% of the transplants to the perimetrium and 50% of 
those to the subcutaneous tissue, indicating neovascularization. A higher percentage of neovascularization and  
presence of corpora lutea was observed in animals having the perimetrium as the receptor site. Thus, it is concluded 
that ovarian autologous transplants allocated to the subcutaneous tissue and perimetrium are feasible and do not 
change the morphology of the transplanted tissue. Moreover, perimetrium was a better receptor site compared to 
subcutaneous tissue. 
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The objective of this study was to evaluate the effect of body condition score on final follicular dynamic in adult 
Mangalarga Marchador mares. The study enrolled 52 mares (35 lactating and 17 non lactating) with body condition 
score (BCS) ranging from 4.5 to 8 (1-9 scale). Mares were divided into two groups according to BCS (High BCS 
Group - BCS≥7 and Low BCS Group - BCS<7). Animals with a corpus luteum received 6.71mg of dinoprost 
tromethamine (Lutalyse®, Pfizer, Brazil) intramuscularly. After the dominant follicle has reached a diameter 
between 33 and 35 mm, animals were examinated daily by ultrasound evaluation to determine the diameter of the 
dominant follicle and uterine edema degree (0 to 3 scale). Mares with a dominant follicle with a diameter equal or 
greater than 37 mm were given 1000 IU of hCG (Chorulon®, Merck, Netherlands) intravenously to induce 
ovulation. The determination of ovulation was made by ultrasound identification of a luteinized structure in the 
same place where the dominant follicle was located in previous examinations. Pregnancy diagnosis was performed 
12 to 14 days after ovulation by ultrasound examination. All data were analyzed by GLIMMIX procedure of SAS. 
There were no differences between groups relative to initial diameter of the dominant follicle [High BCS Group 
(33.9±0.17mm) and Low BCS Group (33.56±0.24mm); P=0.18], maximum diameter of the dominant follicle [High 
BCS Group (45.73±0.84mm) and Low BCS Group (45.36±0.88mm); P=0.84], maximum diameter of the ovulatory 
follicle [High BCS Group (44.59±0.83mm) and Low BCS Group (44.92±0.90mm); P=0.75], follicular growth [High 
BCS Group (4.18±0.27mm) and Low BCS Group (3.83±0.29mm); P=0.17] reduction in pre ovulatory dominant 
follicle diameter [High BCS Group (0.69±0.21mm) and Low BCS Group (0.13±0.08mm); P=0.07], follicular 
diameter at hCG administration [High BCS Group (44.08±0.70mm) and Low BCS Group (43.88±0.96mm); 
P=0.69], follicular diameter at prostaglandin administration [High BCS Group (25.17±1.78mm) and Low BCS 
Group (24.06±1.98mm); P=0.76], uterine edema at induction of ovulation [High BCS Group (2.3±0.14mm) and 
Low BCS Group (2.21±0.18mm); P=0.69], uterine edema after ovulation [High BCS Group (0.59±0.13mm) and 
Low BCS Group (0.33±0.12mm); P=0.09] and pregnancy rate [High BCS Group 61.3% (19/31) and Low BCS 
Group 63.6% (7/11); P=0.89]. Therefor, BCS did not interfere in final follicular dynamics of Mangalarga Marchador 
mares. 
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The knowledge of the mechanisms involved in oocyte-cumulus complex (COC) maturation is important for the 
progress of reproductive biotechnologies and assisted reproduction techniques. Nitric oxide (NO) is involved in the 
process of in vitro maturation of bovine COCs (Viana, K. S. et. al., Anim. Reprod. Sci. 102, 217-22, 2007). The 
synthesis of NO occurs from L- arginine, which is catalysed by three isoforms of nitric oxide synthase (NOS) 
(Ignarro, L.J., 2000, Nitric Oxide, Biology and pathobiology, 845p). Studies support that NO derived from inducible 
nitric oxide synthase (iNOS) affects oocyte maturation (Matta, G. S. C. et.al, 2009 Anim. Reprod. Sci. 111, 189-
201). This study aimed to evaluate the role of iNOS in the maturation of COCs by adding the selective inhibitor 
aminoguanidine (AG) to the culture medium. Groups of 20 COCs (120 COCs/treatment) were cultured with eight 
follicular wall hemi-sections (HS) at  38.5°C and 5 % CO2 in 200 ml of maturation medium (TCM 199/BSA) 
supplemented with different AG concentrations (1, 10, 50 , 100 and 150 mM). Controls consisted of COCs cultured 
in the presence (control -) or absence of HS (control +). Nuclear maturation was assessed by staining with 2% acetic 
orcein and plasma membrane integrity of cumulus cells by propidium iodide staining after 22h of culture. A 
randomized design with 6 replicates (120 COCs/treatment) and 7 treatments (1, 10, 50, 100 and 150 mM AG and 
two controls) was used. The percentage of cellular integrity was subjected to ANOVA and multiple linear 
regression, nuclear maturation was assessed by ANOVA and means were compared by the Tukey test (P < 0.05). 
The integrity of cumulus cells of the group of oocytes cultured without HS (control +) (85.9 ± 2.3 %) differed in 
relation to the control group - (71.2 ± 3.7 %), and to groups treated with 1, 10, 50, 100 and 150 mM AG, 
(57.8 ± 12.1, 66.3 ± 4.2, 58.2 ± 4.6, 55.3 ± 4.3, 48.3 ± 3 3, respectively) (P < 0.05). The addition of 150 mM AG 
promoted the lowest number of viable cells (48.3 ± 3.3%; P <0.05). The presence of HS (Control -) decreased the 
percentage of oocytes that reached metaphase II (MII) (41.0 ± 4.0%) compared to the control group + (78.5 ± 3.9%). 
However, the addition of 100 and 150 mM AG blocked the progression of meiosis to MII compared to other 
treatments and controls (P <0.05). These results suggest that activity of iNOS is directly linked to cumulus cells 
integrity and resumption and progression of meiosis to MII. 
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The aim of this study was to characterize follicular dynamics of Morada Nova ewes. The experiment was conducted 
at the experimental station of São João do Cariri – Praíba, where 13 Morada Nova ewes with body scores ranging 
2.0-3.5 and maintained in semi-intensive system were used. On a random day of the estrous cycle, ewes were 
synchronized with an intravaginal progesterone (P4) device. Ten days later, the P4 device was removed and 250μg 
cloprostenol was administered intramuscularly. From this day, ultrasound examinations were performed every 
24 hours for 24 days or until ovulation. Statistical analysis was performed using the statistical analysis system (SAS, 
2000). The length of the estrous cycle was 16.0 ± 0.5 days and 3.7 ± 0.3 waves per estrous cycle were observed. The 
maximum diameter of the ovulatory follicle at the end of the estrous cycle and synchronized wave were similar 
(5.6 ± 0.3mm and 6.1 ± 0.3 mm; P=0.39). The ovulatory follicle present at the end of the estrous cycle and 
synchronized wave showed similar growth rates (0.4mm/day and 0.3mm/day; P=0.37). Moreover, the interval 
between P4 device removal and ovulation was 72.0 ± 11.8 hours. The number of ovulations at the end of the estrous 
cycles was lower than that observed in synchronized waves (1.0 ± 0.0 and 2.0 ± 0.2; P=0.002). We conclude that 
Morada Nova ewes display follicular dynamics patterns similar to those observed in other breeds. 
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The aim of this study was to evaluate the effect of adding different concentrations of ascorbic acid to in vitro culture 
of equine preantral follicles. Ovaries (n = 5) from mares in the anovulatory season were collected at a local 
slaughterhouse and washed in 70% ethanol and PBS. The internal region (parenchymal) was divided into 9 pieces of 
approximately 5x5x1 mm. One fragment was immediately fixed in Bouin (control) and the other 8 pieces were 
transported for one hour to the laboratory in PBS plus penicillin (200 IU/mL) and streptomycin (200 mg/mL) at 4°C. 
At the laboratory, 8 fragments were individually cultured in culture dishes at 39°C in an atmosphere with 5% CO2 
in air with saturated humidity for two (D2) or six (D6) days in 1 ml of minimum essential medium (MEM) - (Gibco 
BRL, Rockville, MD, USA) (osmolarity 300 mOsm/L pH 7.2) supplemented with ITS (6.25 ng/mL insulin, 
6.25 ng/mL transferrin, 6 25 ng/mL selenium), 0.23 mM pyruvate, 2 mM glutamine, 2 mM hypoxanthine, 1.25 mg/mL 
bovine serum albumin, 200 IU/mL penicillin and 200 mg/mL streptomycin (MEM+). The treatments consisted of 
MEM+ supplemented with different concentrations of ascorbic acid (25, 50, or 100 µg/ml). Medium was replaced 
every two days. After culture, ovarian fragments were fixed in Bouin and processed for histology. Follicles were 
classified according to their stage of development in primordial, primary, secondary and antral follicles, and 
according to their morphology in normal or degenerated. Data were compared by nonparametric analysis of variance 
(Kruskal Wallis test), considering 5% significance level. Overall, 951 slides were evaluated containing 4,450 
sections. Follicles were present in 4,85% (216/4450) of the evaluated histological sections. We classified 43.5% of 
the follicles as morphologically normal. The control group showed a higher proportion of primary (89 %) than 
developing follicles (11 %). Regarding follicular development, fragments treated with MEM (D6) and 25 µg/ml of 
ascorbic acid (AA 25D6) presented a higher percentage of developing follicles in comparison with primordial 
follicles. This group showed greater follicular development (26.3% of primordial follicles and 73.7% of developing 
follicles) compared to the other groups analyzed (P ≤ 0.05). We conclude that ascorbic acid at 25 µg/ml was 
effective to promote the development of equine primordial follicles for six days of culture. 
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Caspases (cysteine - dependent aspartate - specific proteinases) belong to the family of cysteine proteases that have 
the ability to recognize and cleave substrates having aspartate residues. There are 14 known caspases, and six 
(caspases -3, -6, -7, -8, -9, -10) are involved in apoptosis. During the mitotic period, the number of oogonia in 
bovine ovaries reaches two million per fetus and after this period the oogonia enter meiosis until prophase I. 
However, approximately 90 % of the oogonia are lost and at birth the follicular population is approximately 200,000 
(Beckers et al., Reprod. Dom Anim., 31, 543-548, 1996). Waves of degeneration were observed during this period 
in humans (Baker, T.G Proccedings of the Royal Society, Series B, 158, n 972, 417-433, 1963) and cattle (Erickson, 
B.H, J. Reprod Fertil, 10, 97-105, 1966).  The objective of this study was to evaluate the occurrence of apoptosis 
during folliculogenesis in bovine fetuses by immunohistochemistry for caspase -3. Ovaries from 15 bovine fetuses 
aged between 5 and 9 months (Abdel-Raouf M , El-Naggar MA . 1968. Biometry of the Egyptian buffalo fetus. 
UARJ Vet Sci, 5:37-43) were obtained in a slaughterhouse and were fixed in 10% formalin solution for 24 hours, 
embedded in paraffin and sliced in 5�m thick histological sections. After deparaffinization, sections were submitted 
to immunohistochemistry for caspase -3. Bovine fetal ovaries showed immunostaining for active caspase -3 at 5, 6, 
8 and 9 months of age, indicating the occurrence of apoptosis. At 5 months, there was immunostaining for active 
caspase -3 only in the oocytes. At 6 and 8 months, immunostaining for active caspase -3 was observed in follicular 
cells and oocytes, and at 9 months immunostaining was observed in theca cells of antral follicles. This is the first 
study reporting immunostaining for active caspase -3 in bovine fetal ovaries and this technique was effective to 
detect ovarian apoptosis, especially in oocytes as evidenced at 5 and 8 months. This contrasts with previous data in 
which Tunel only detected apoptosis in follicular cells. We conclude that immunohistochemistry for active caspase -
3 can be used to detect apoptosis in bovine fetal ovaries, with the benefit of evaluating both follicular cells and the 
oocyte. More studies are needed to better characterize the occurrence of apoptosis in bovine fetal ovaries. 
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Follicular growth in cattle occurs in a wave pattern varying from 2 to 3 waves during each estrous cycle, and is 
characterized by the initial development of a synchronous group of antral follicles, from which only one will 
become dominant. The number of recruited follicles is variable among individuals and breeds; however, it is highly 
repeatable in individuals. Literature reports indicate that the number of follicles recruited in each wave is higher in 
zebu breeds compared with taurine. A relationship between the follicular population and the oocyte competence has 
been suggested, and ultimately the follicular population could influence the fertility of the animal (Ireland et al., 
2007, Human Reproduction 22:1687-1695). The objectives of this study were: i) to identify females in Nelore (Bos 
indicus) and Aberdeen Angus (Bos taurus) breeds that have high and low population of recruited antral follicles per 
wave and ii) to characterize, in both breeds, the differences in lipid profile of oviductal sections (infundibulum, 
ampulla and isthmus) 24 h after ovulation (D1). We used nulliparous Nelore heifers [n=4, 24 to 30 months old for 
both groups (high and low)] and Aberdeen Angus [n=4, 16 to 20 months of age for both groups (high and low)] with 
body condition score above 3.5 (range 1-5 points) and their antral follicular population was assessed by 
ultrasonography (3 exam.). All animals had synchronized ovulation and were slaughtered at the same time (D1) to 
collect oviducts. Oviductal sections were subjected to matrix-assisted laser desorption/ionization mass spectrometry 
to assess their lipid profile. Lipids were ranked and analyzed by ANOVA (mixed model, Proc PRINCOMP, 
SAS).There was no difference in the oviductal lipid profile between animals with high versus low follicle count. 
However, there were differences in lipid profile between breeds (P=0.0462) and segments of the oviducts (P = 0.001). 
Between breeds, some specific lipids such as phosphatidylcholine [PC (34:1), PC (38:7) and PC (38:4)] were more 
abundant in Nelore but sphingomyelin [(SM) (16:00)] was more abundant in Aberdeen Angus. Among oviductal 
sections, there were higher abundances of PCs (34:1, 38:7 and 38:4) in the isthmus and of SM (16:00) in the 
infundibulum. Hence, the mass-spectrometry evaluation detected differences in phospholipids (e.g., PC and SM) 
associated with the number of carbons and the levels of unsaturation of the carbon chain related to oviductal section 
and breed.We conclude that there are differences in lipid profiles of oviductal sections in B. taurus and B. indicus. 
Ongoing studies will compare the differences in the presence of oxidative stress, and relate them to fertility in 
normal conditions or heat stress between the two breeds. 
 
FAPESP: #2013/02201-3, #2012/50533-2 and #2012/23409-9.  
Opinions, hypotheses and conclusions or recommendations expressed in this material are authors’ responsibility and 
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The aim of this study was to evaluate the effect of eCG on fertility of crossbred (Bos taurus x Bos indicus) lactating 
cows submitted to a protocol of fixed time AI (FTAI) between October and November 2013. A total of 265 cows 
was used, 165 multiparous and 100 primiparous, with an average milk production of 24.3 ± 0.47 kg/d and average of 
127.7 ± 5.38 DIM. At a random day of the estrous cycle all cows received an intravaginal progesterone device 
(CIDR®, Zoetis, Brazil), 2 mg estradiol benzoate im (Gonadiol®, MSD, Brazil) and 100 µg gonadorelin 
(Fertagyl®, MSD, Brazil) in the morning (D0). At D7 morning, all cows received 0.5 mg D-Cloprostenol im 
(Sincrocio®, Ouro Fino, Brazil) and were randomly assigned into two groups: eCG (n = 132) – received 400 IU 
eCG im (Novormon®, MSD, Brazil); and Control (n = 133) – did not receive eCG. At the afternoon of D8, devices 
were removed and all cows received 0.5 mg D-Cloprostenol im and 1 mg estradiol benzoate im. The FTAI was 
performed at D10 morning. Diagnosis and confirmation of pregnancy were performed 30 and 60 days after AI. Data 
were analyzed by PROC GLIMMIX of SAS and the results are presented as least squares means ± SE following 
eCG and Control groups, respectively. Pregnancy per AI (P/AI) at 30 (37.1 ± 5.4% vs. 22.3 ± 4.5%; P = 0.02) and 
60 (27.8 ± 5.1% vs. 16.1 ± 4.0%; P = 0.03) days was higher in eCG group. However, pregnancy loss did not differ 
between groups (19.6 ± 7.6% vs. 21.5 ± 10.4%; P = 0.80). Furthermore, there was a tendency (P = 0.11) for 
interaction between the use of eCG and the number of previous postpartum services. Cows treated with eCG and 
inseminated at 1st AI postpartum had higher P/AI at 30 (42.6 ± 8.2% vs. 18.1 ± 6.0%; P = 0.02) and 60 (32.3 ± 7.9% 
vs. 12.0 ± 4.9%; P = 0.08) days. When cows were divided according to milk production: higher (30.0 kg/d; n = 134) 
or lower (18.5 kg/d; n = 131), there was also a tendency for interaction (P = 0.11). Higher producers that received 
eCG had higher P/AI at 30 (36.0 ± 7.3% vs. 15.0 ± 4.4%; P < 0.01) and 60 (26.5 ± 6.7% vs. 10.2 ± 3.5%; P < 0.01) 
days. However, in lower producers this did not happen at 30 (30.8 ± 15.8% vs. 25.2 ± 16.6%, P = 0.48) nor at 60 
(29.2 ± 6.1% vs. 24.7 ± 6 5%, P = 0.48) days. It is concluded that the use of eCG on D7 of the protocol increases 
fertility of crossbred dairy cows submitted to FTAI. 
 
Acknowledgments: FAPESP, CNPq, CAPES, MSD, Queima Ferro and São João Farms. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE), August 14 to 17th, 
2014, Natal, RN, Brazil. Abstracts. 

 

Anim. Reprod., v.11, n.3, p.333, Jul./Sept. 2014 333 

A053  FTAI, FTET and AI 
 

Intensive reproductive management in beef cows - Quick resynch 
 

A.C. Ribeiro

 

1, C.A.C. Fernandes1, M.F. Seber1, J.R. Rossi1, J.H.M. Viana2, H.H. Neri3, M.P. Palhão1 

 
1UNIFENAS; 2EMBRAPA; 3Hertape Calier. 

 
 
Keywords: color Doppler, early diagnosis of pregnancy, re-synchronization. 
 
The study aimed to verify whether the hormonal protocol for re-synchronization, beginning 13 days after artificial 
insemination (AI), affects pregnancy rates of beef cows, and the efficiency of a new timed AI (TAI) performed 23 
days after the first AI. For this purpose, 224 females (cows and heifers) of Gyr and Nellore breeds were allocated in 
Control or Resynch group, according to the postpartum period (151.2±115.2 d), body condition score (3.1±0.6), 
body weight (412.4±78.6 kg) and ovarian condition (corpus luteum and/or follicle > 8mm). All animals were first 
inseminated after the same hormonal protocol. On D0 (day 0): insertion of intravaginal device containing 
progesterone (P4 - 750mg, Prociclar®, Hertape Calier) and 2mg of estradiol benzoate injection (EB - 1.0mg/ml, 
Benzoate® HC, Hertape Calier). On D8: device withdraw, 0.150mg of cloprostenol injection (PGF2α - 0.075mg/ml, 
Veteglan®, Hertape Calier) and 0.5ml of follicle stimulating hormone (25UI - LH and 25UI - FSH, Pluset®, 
Hertape Calier); and D9: 1mg of EB. Timed AI was performed between 48-56h after P4 device withdraw and the 
diagnosis of pregnancy occurred 30d after AI (control group, n=75). In Resynch group, re-synchronization protocol 
started 13d after AI (new P4 device and 1mg of EB). On D21 after AI, the P4 implant was removed and the 
diagnosis of pregnancy – based on functionality of the CL (Siqueira et al., 2013. J Dairy Sci., 96(10):6461-72) – was 
performed with Color Doppler sonography (M5, DPS medical equipment, Sao Paulo). Afterwards, the animals with 
negative diagnose received 0.150mg of PGF2α, 1mg of estradiol cypionate (EC - 1.0 mg/ml, cypionate HC®, 
Hertape Calier), and were inseminated 48-56h later. Pregnancy rates between groups were compared by Chi-square 
test at 5% of probability. The hormone treatment and management associated with the re-synchronization protocol 
did not affect (P>0.05) pregnancy rates (18.7 vs. 18.1%, respectively for Control and Resynch). In Resynch group, 
the pregnancy rate of the second AI was higher (P<0.01) than first (33.3 vs. 18.1%, respectively). Altogether, the 
pregnancy rate after the end of the trial was greater (P<0.002) in Resynch (42.3%) than in Control group (18.7%). 
These results confirm our hypothesis that re-synchronization protocol beginning 13d after AI does not affect 
pregnancy rate and the first hormonal protocol improves the result of second AI. The low overall pregnancy rate 
(34.4%) was probably due to the end of breeding season. We conclude that Resynch protocol is a useful tool to 
accelerate the number of pregnancies produced during the breeding season. 
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The aim of the study was to identify important factors that may influence fertility of lactating Girolanda cows. We 
utilized 7134 reproductive and productive records of cows in a dairy farm located in the state of Minas Gerais 
during 2009-2012. Statistical analysis was performed using the Statistical Analysis System for Windows (SAS, 
2001) by multivariate logistic regression using the LOGISTIC procedure of SAS. Variables were removed by 
backward procedure, according to the statistical criteria of Wald with P > 0.20. The final statistical model included 
the effects of season [winter (May to August) and summer (November to March)], days in milk (DIM; 50 days, 
between 50 and 90 days, 90-150 days and above 150 days), number of inseminations (> 3 AI and < 3 AI), milk 
production in 305 days of lactation (up to 4000 Kg, between 4000 and 6500 Kg and above 6500 Kg) and animal 
category (primiparous or pluriparous). After this initial analysis, variables were analyzed assumed a binomial 
distribution using the GLIMMIX procedure of SAS. There was no interaction between these variables (P > 0.05). In 
the study, the pregnancy rate was influenced by season [summer (34.6%, 797/2301) and winter (45.0%, 1510/3347); 
P = 0.001], number of inseminations [> 3 AI (34.7%, 543/1563) and ≤ 3 AI (41.7%, 2354/5642) , P = 0.001], days in 
milk [DIM < 50 (38,7%, 313/809)bc, 50 < DIM < 90 (42.3%, 977/2311)ab, 90 < DIM < 150 (44.0%, 896/2035)a and 
DIM > 150 (35.5%, 702/1979)c; P = 0.003], milk production [milk < 4000kg (43.8%, 295/673)a, 4000kg < milk 
< 6500kg (39.9%, 1738/4360)b and milk > 6500kg (39.7%; 857/2159)b; P = 0.04]. However, there was no difference 
in pregnancy rate between animal categories [primiparous (41.6%, 981/2359) and pluriparous (39.5%, 1916/4846); 
P = 0.18]. We conclude that the fertility of crossbred cows (Girolanda) of average/high milk production is 
influenced by multiple factors, in which it was found lower pregnancy rate in the summer, in cows with more than 
three breedings, at early and later DIM, and cows producing above 4000 Kg in 305 days of lactation. 
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This study was designed to evaluate the effect of time of induction of ovulation with GnRH (GnRH56h vs 
GnRH72h) in short (5d) synchronization protocols in high producing lactating cows. The hypothesis was that 
anticipating the last GnRH to 56h would improve synchronization of ovulations, allowing a greater proportion of 
cows to have the AI-to-ovulation interval within 12-24h. Holstein cows (n = 39; producing 54.3 ± 1.9 Kg/day and 
body condition of 2.8 ± 0.1) received in a random stage of the estrous cycle (D0), GnRH (100 µg, Factrel, Zoetis, 
USA) and a progesterone intravaginal device (CIDR®, Zoetis, USA). On Day 5, the progesterone device was 
removed and all animals were treated with 25mg of dinoprost tromethamine (PGF2α, Lutalyse®, Zoetis, USA). All 
animals also received a second PGF2α 24h after CIDR removal. Then, cows were randomized in two treatments: 1) 
GnRH56h: GnRH given at 56 h after CIDR removal and; 2) GnRH72h: GnRH given at 72 h after CIDR removal. 
For both treatments, timed AI occurred at 72h after CIDR removal. Ultrasound exams were performed with an ultra-
portable ultrasound equipment (8-5 MHz, linear probe, Ibex – E.I. Medical Imaging, USA) and done by the same 
technician every 12h starting at CIDR removal until ovulation. Continuous variables were analyzed with proc 
MIXED of SAS. Binomial distributed variables were analyzed with the proc GLIMMIX of SAS (Version 9.3 for 
Windows; SAS Inst., Cary, NC); and the experimental unit “cow” was included in all models as a random variable. 
The time of GnRH treatment affected the interval from CIDR removal to ovulation (GnRH56h = 87.8 h vs 
GnRH72h = 97.9 h; P < 0.05), without altering ovulation rate (GnRH56h = 95% vs GnRH72h = 100%; P = 0.93) or 
the diameter of the ovulatory follicle (GnRH56h = 17.7 mm vs GnRH72h = 18.3 mm; P = 0.67). Because time of 
ovulation was anticipated in GnRH56h group, the average AI-to-ovulation interval was lessen in cows receiving 
GnRH at 56h (GnRH56h = 15.8 ± h vs GnRH72h = 25.9 h; P < 0.05). As a result, a greater proportion of cows in 
GnRH56h had AI-to-ovulation intervals of 12-24h (GnRH56h = 84% vs GnRH72h = 26%; P < 0.05). In conclusion, 
these results suggest that GnRH given at 56h after progesterone device removal can improve the synchrony of 
ovulations and allow more cows to have ideal AI-to-ovulation intervals following 5d-short progesterone-based 
protocols. 
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The aim of this study was to evaluate the effect of administering GnRH at the time of embryo transfer in a fixed 
time embryo transfer program (FTET) on the fertility of Girolando heifers, dry cows and lactating cows. At random 
days of the estrous cycle (D-11), 2mg estradiol benzoate (Gonadiol, MSD Animal Health, SP, Brazil) was 
administered IM and an intravaginal device with 1.9 g progesterone (P4, CIDR, Zoetis, SP, Brazil) was inserted. On 
D-4, 25 mg dinoprost (Lutalyse, Zoetis, SP, Brazil) was given IM. On D-2, 1.0 mg estradiol cypionate (ECP, Zoetis, 
SP, Brazil) was administered IM and the device was removed. On D18, the animals were examined by 
ultrasonography and only those with a CL received an embryo. On D-11, the animals were also classified according 
with their body condition score (BCS) following a 0 (very thin) to 5 (obese) point scale. At FTET, the animals were 
homogenously allocated to one of two groups: Control (no further treatment) or GnRH [100µg gonadorelin 
(Cystorelin, Merial, SP, Brazil)] IM. Two pregnancy diagnosis were conducted, the first on D31 and the second on 
D66. The analysis of binomial and continuous data were done using PROC GLIMMIX and MIXED of SAS, 
respectively. Significance was considered when P < 0.05 and tendency when 0.05 < P < 0.10. No interaction of 
treatment and animal category was observed on conception rate at 31 days (P = 0.33), 66 days (P = 0.32) and on 
pregnancy loss (P = 0.92). No effect of treatment was observed on 31 days [Control = 52.8% (477/903) vs. 
GnRH = 52.3% (473/904); P = 0.83] and 66 days conception rate [Control = 42.3% (382/903) vs. GnRH = 44.03% 
(398/904); P = 0.46]. However, treatment with GnRH tended to reduce pregnancy loss between 31 and 66 days 
[Control = 19.9% (95/477) vs. GnRH = 15.9% (75/473); P = 0.10]. Heifers had greater 66 days conception rate 
[49.5% (412/832)] than dry cows [37.0% (44/119); P < 0.01] and lactating cows [39.6% (610/1539); P < 0.01]. 
Lactating cows had greater pregnancy loss [21.4% (166/776); P < 0.01] compared to heifers [14.0% (67/479); 
P = 0.10] and tended to have greater pregnancy loss compared to dry cows [12.0% (6/50); P = 0.10). Effect of BCS 
on 66 days conception rate was observed in lactating cows from the Control group [Thin (BCS ≤ 2.5) = 26.8% 
(22/84) vs. Good (BCS ≥ 2.75) = 42.3% (203/481); P < 0.01]. Cows treated with GnRH at FTET had no effect of 
BCS on 66 days conception rate [Thin = 36.8% (33/89) vs. Good = 39.6% (184/468); P = 0.62]. In conclusion, the 
administration of GnRH at FTET may reduce pregnancy loss between 31 and 66 days of gestation and increase 
conception rate in lactating cows with low BCS. 
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The study aimed to verify the effects of timed AI protocols using ECP and eCG on the pregnancy rate (PR) in 
Nelore heifers. Animals were treated with a P4 intravaginal device + estradiol benzoate (EB; IM) + prostaglandin F2 
alpha (PGF; IM) on day 0 (d0 = beginning of the protocol) for TAI. Two hundred twenty-four cycling heifers (CL 
presence or follicles > 8 mm diameter) or in anestrus (no CL and follicles < 8 mm), received on d0 a P4 device 
intravaginal (single dose Cronipres, Biogenesis Bagó) + 2 mg EB + 0.075 mg PG; on d8 (P4 removal + PGF + eCG 
(300 IU) + ECP (2 mg) and TAI in d10. Animals returning to visible estrus within 25 days after TAI were 
inseminated (AI) 12 hours after estrus detection. Heifers returning to estrus after AI remained with clean up bulls for 
45 days. The pregnancy diagnosis was performed with ultrasound 45 days after clean up bulls left the herd. The data 
were analyzed by ANOVA and Fisher's exact test at a level of significance of P < 0.05. Overall, 58,0 % (n=130) of 
the heifers were in anestrus and 42,0 % (n=94) were cycling. All animals though received the timed AI protocol. 
The PR of anestrus and cycling heifers following the TAI + IA were 38.5 and 58.5 %, respectively. In addition, PR 
following clean up bull breedings were 22.3 and 14.8 %. In this study, heifers bred through timed AI had improved 
reproductive performance as compared to AI following visually detected estruses + AI (P = 0.0001). Similarly, 
heifer that received TAI also performed better than heifers that remained for 45 days with cleaup bulls (P < 0.0005). 
Thus, adding up results from TAI + visual estrus and AI, PR was 46.9 %. Pregnancy rates were within normal 
ranges for beef nelore heifers, even with 58.0 % been in anestrus at begining of the study. In conclusion, combining 
ECP and eCG on d8 of the progesterone-based TAI protocol in Nellore heifers that were initially treated with EB 
and PGF resulted in satisfactory PR; and it appears to be a good alternative to improve fertility results in comercial 
bovine herds. 
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This study evaluated the efficiency of two doses of 37.5 µg of d-cloprostenol (Prolise®, Tecnopec, São Paulo, 
Brazil) latero-vulvar at intervals of 7 (G7; n=19), 10 (G10; n=18) or 11.5 days (G11.5; n=17) for estrus 
synchronization in cyclic Saanen goats. Blood samples were collected from 23 randomly chosen goats divided into 
G7 (n = 8); G10 (n = 8) and G11, 5 (n = 7) for subsequent determination of plasma P4. Estrus was monitored after 
the 1st and 2nd administration of d-cloprostenol, in 23 goats, which had blood samples collected, as wells as in 54 
goats enrolled in the trial. To determine the beginning and end of estrus, each goat was observed twice daily (09:00 
and 16:00h) for about 15 minutes in the presence of a buck. Onset of estrus was considered when females allowed to 
be mounted by the male. Monitoring continued until the end of estrus. The goats were inseminated from 18 to 24 hours 
after the onset of second estrus. Parametric variables were analyzed through one-way analysis of variance and 
compared by tukey test (5% significance). Non parametric variables were analyzed using the chi-square test 
(SAEG®, Funarbe, Viçosa, Brasil). All goats had P4>1 ng/mL at the time of the 1st and 2nd administration of 
d-cloprostenol. The percentage of goats that showed estrus after 1st and 2nd administration of cloprostenol was 
69.6% (16/23) and 90.7% (49/54), respectively. The percentage of animals in estrus was 94.7% - G7, 88.9% - G10 
and 88.2% - G11.5. The interval to estrus and duration of estrus after first (G7 = 53.8 ± 15.4h and 24.5 ± 9.8h; 
G10 = 54.3 ± 9.3h and 29.2 ± 16.0h; G11.5 = 47.3 ± 5.8h and 23.7 ± 11.8h) and second (G7 = 43.8 ± 10.7h and 
27.0 ± 12.1h; G10 = 50.6 ± 13.7h and 22.3 ± 10.4h; G11.5 = 45.5 ± 27.6h and 33.5 ± 19.4h) administration of d-
cloprostenol did not differ (P>0.05) between treatments. The conception rate of the G7 [55.6% (10/18)] was greater 
(P=0.06) than G10 [18.8% (3/16)] and G11.5 [26.7% (4/15)]. It can be concluded that, although the three protocols 
have been effective in synchronizing estrous in Saanen goats during the breeding season, the protocol with an 
interval of seven days achieved better conception results. 
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The objective of this study was to determine parameters associated with increased physical activity as a result of 
estrus expression. A total of 1163 estrus episodes from 346 lactating Holstein cows were recorded. Cows were 
monitored continuously by an activity monitoring system (AMS; Heatime®, SCR engineers) attached to the cow’s 
necklace. Data was recorded in real time every two hours. Immediately after the initiation of the increase in activity 
detected by the monitoring system (i.e. estrus episode) cows had BCS measured and their ovaries scanned by 
ultrasound (Aloka SSD-500, Aloka Co. Ltd, Tokyo, Japan). Pregnancy per AI (P/AI), disease episodes, and milk 
production data were collected and recorded for the entire experimental period. Data was analyzed using ANOVA 
and logistic regression using proc MIXED and GLIMMIX. Mean duration of estrus was 11.3±5.3 h with mean index 
activity peak of 72.8±20.2 (index created based on standard deviations of the mean activity). The follicle diameter of 
the animals in high activity was 18.8±0.3 mm. There was a positive correlation between duration and peak (r²=0.70), 
with estrus episodes with high peak of activity (index of peak of activity between 51 and 100) being longer 
(14.3±0.2 vs. 6.2±0.2 h, P < 0.0001) than those with small peak of activity (index between 35 and 50). Estrus 
duration was affected by parity as multiparous cows expressed it for a shorter period than primiparous (10.8±0.3 vs. 
12.2±0.3 h, P = 0.0013). Cows with moderate BCS (BCS > 3.00) had longer duration of estrus episodes than cows 
with low BCS (BCS < 2.75); 13.0±0.4 vs 11.5±0.3 h, respectively (P = 0.0022). Pregnancy per AI was not 
influenced by parity or follicle diameter. Peak of activity and BCS influenced P/AI. Pregnancy/AI was greater when 
animals had an increased activity peak (intensity > 400%; P = 0.02) and BCS higher than 2.75 (P = 0.02). The AMS 
measurements of intensity were not correlated with follicle diameter at AI or milk production around the time of 
estrus. Furthermore, estrus expression patterns as measured by the AMS were not affected by disease episodes 
during the transition period, but increased (P = 0.02) when secondary signs of estrus behavior were observed. In 
conclusion, duration and intensity of estrus episodes were quite variable and mainly influenced by parity and BCS. 
Increased estrus intensity improved P/AI, but was not correlated with follicle diameter at AI or milk production. 
Further studies are needed to determine management or selection tools to improve estrus expression and fertility. 
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The aim of this study was to evaluate pregnancy rates in Nellore cows submitted to a protocol for fixed-time AI 
using a device impregnated with P4 during its 1st, 2nd and 3rd use in a protocol lasting 8.5 days. Another objective 
was to assess the influence of the animal category in pregnancy rates. The study was conducted in the São Felix do 
Xingu city, southern Pará state-Brazil. It was used 3.615 females (635 heifers, 582 lactating primiparous, 1.924 
lactating multiparous and 474 cows without calves). The cows had calved at least 30 days before enrollement in the 
protocol. On day 0 (D0) animals were randomly inserted with a intravaginal progesterone device (DIB®, Coopers 
Animal Health, São Paulo, Brasil) and these devices were at their 1st, 2nd and 3rd use. Simultaneously, animals 
received 2.0 ml intra-muscle (IM) of estradiol benzoate (Gonadiol®, MSD animal health, São Paulo, Brasil). On day 
eight and a half (D8.5) in the afternoon, intravaginal devices were removed, followed by the application of 1.0 ml 
IM of estradiol benzoate (Gonadiol®, MSD animal health, São Paulo, Brasil), 1.5 ml of Sodium D-cloprostenol 
(Ciosin®, MSD animal health, São Paulo, Brasil) and 1.5 ml of equine chorionic gonadotropin (Novormon®, 
Syntex S. A. Argentina). Fixed-time AI was performed on D10 in the morning. Pregnancy diagnosis occurred 
35 days after insemination by ultrasonographic evaluation (CHISON D600Vet, USP Brasil Eletromedicina LTDA, 
São Paulo, Brasil). Data were analyzed by the Chi-square (χ²) method in SAS version 8.0 considering the level of 
significance of 5%. The total pregnancy rate was 52% (1.878/3.615). The pregnancy rate according to the number of 
uses of the P4 device was 54.5%, 53.1% and 48.3% for 1st, 2nd and 3rd use (P<0.05), respectively. Among these 
results, it is important to highlight the great performance of primiparous cows with pregnancy rates of 49.7% 
(289/582). In addition, pregnancy rate was 45.8% (291/635) for heifers, and 53.8% (1.038/1.924) for lactating 
multiparous and 54.9% (260/474) for cows without calves, which were similar to results reported by by Cabral. R. 
Bras. Ci. Vet. v.20, n.1, p.49-53, 2013. Therefore, by reusing progesterone devices for 8.5 days it is possible to 
achieve satisfactory pregnancy rates across different animal categories. 
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Bos taurus beef cows (n = 92) maintained in native pasture in Rio Grande do Sul, South of Brazil with 45 ± 15 days 
postpartum and body condition score (1-5) of 2.8 were distributed into two experimental groups (TAI+Bull and  
TAI+Ressinc22) during 90 days of the breeding season (BS). Ten days before BS (D10) all females were 
synchronized for TAI (Day 0). Protocol consisted in the insertion of an Intravaginal Progesterone Releasing Device 
(IPRD, 0.75g of P4; PROCICLAR ®, Hertape Calier Animal Health, Brazil) and 2mg IM of estradiol benzoate (EB) 
(HC Benzoate®, Hertape Calier) on Day 10 (D10). On D2, IPRD was withdrawn and 150μg IM D (+) cloprostenol 
(Veteglan Luteolytic®, Hertape Calier), 25IU IM FSH/LH (Pluset®, Hertape Calier) and 1mg IM of estradiol 
cypionate (EC) (cypionate HC®, Hertape Calier) were administered. TAI was performed on D0 (early BS). Bulls 
were introduced in the TAI + bull (n = 45) group 10 days after TAI. Females of the TAI + Ressinc22 (n = 47) group 
were resynchronized on Day 22 (D22) using the same protocol described above, except for the dose of EB at the 
beginning of treatment which was reduced to 1mg IM. On D30 the pregnancy diagnosis was performed in all 
females with ultrasound. Females in TAI group + Ressinc22, besides pregnancy diagnosis had their IPRD removed, 
and the non-pregnant females were treated with 1 mg of EC and 150μg im D (+) Cloprostenol. These females 
received the second TAI on Day 32 (D32). TAI+Ressinc22 Group was again regrouped with the TAI + bull group 
until the end BS. Statistical analysis was conducted with the PROC GLIMMIX and LIFETEST of SAS. Conception 
rate after 1st TAI was similar between treatments (TAI + bull = 42.0%, 19/45 and TAI + Ressinc22 = 48.0%, 23/47, 
P = 0.41). Conception rate after resynchronization was 66.6% (16/24), since the pregnancy rate after return of the 
first heat was 26.9% (7/26) in TAI + bull group. Cumulative pregnancy rate in the first 60 days of BS was 
higher (P = 0.01) in the TAI + Ressinc22 group (80.8%, 38/47) than TAI + bull group (55.6%, 25/45). Pregnancy 
rate at the end of breeding season was similar (P = 0.24) in both groups (TAI + bull = 86.6%, 39/45 and TAI + Ressinc22 
= 91.5%, 43/47). Additionally, the cyclic cows at the start of the breeding season had greater conception rate to TAI 
(62.5% vs. 27.7%) as well asgreater pregnancy rate during BS (28.5d vs 17.3d, P = 0.003). These preliminary results 
showed that resynchronization 22 days after the first TAI may represent a good strategy to increase number of 
pregnancies from AI and improve reproductive performance of suckling beef cows managed with reproductive 
seasons lasting 90 days. 
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Milk production of small farms of Brazilian southeastern has been improved. To improve the herd milk production 
and maintain profitability in these properties are require the use of reproductive technologies. For this purpose the 
use of artificial insemination with conventional or sexed semen using  high genetic value bulls is an interesting 
stratigie. In order to evaluate the efficiency of the use of sexed semen in cows producing 16 liters of milk per day 
under pasture and receiving 1 kg of concentrate for each 3 kg of milk produced, and crossbred cyclic heifers 
(25 animals of each category for each type of semen [sexed or conventional]) were used. For this 3/4 and 7/8 
Girolando females had their estrus synchronized to receive sexed or conventional semen from the same Gyr bull. At 
the beggning of the synchronization (D0), the females received an intravaginal device containing 1.0 g of 
progesterone (Sincrogest, Ouro Fino Saúde Animal, Cravinhos-SP) plus i.m. administration of 2.0 mg of Estradiol 
Benzoate (Sincrodiol, Ouro Fino Saúde Animal, Cravinhos-SP). On D8, 500 mg of sodium cloprostenol (Sincrocio, 
Ouro Fino Saúde Animal, Cravinhos-SP) was administrated and the intravaginal device was removed. At this time, 
females had their estrous behavior observed and those females detected in estrus were inseminated 18 to 24 hours. 
For the insemination, females were blocked by category (cow or heifer) and randomly assigned to receive sexed or 
convencional semen. The pregnancy per AI (P/AI) was evaluated at 35-42 days after AI and the analysis perfomed 
using chi-square test (χ²) of SAS program. Cows and heifers inseminated using conventional semen presented 
greater P/AI 72 % (18/25) and 68 % (17/25), than those females inseminated using sexed semen 44 % (11/25) and 
52 % (13/25), respectively. Thus, Girolando cows and heifers presented similar P/AI according the type of semen 
used. The use of sexed semen determined lower P/AI than the use of convencional semen. 
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The present study aimed to evaluate the relationship between nutritional and physical development parameters and 
pregnancy rate results in Nellore beef heifers. The study was conducted in three commercial beef herds located in 
Camapua, Tres Lagoas and Agua Clara-MS. A total of 650 heifers with 13.0 ± 0.9 months of age was submitted to 
the same synchronization protocol for fixed time artificial insemination (FTAI). On a random day of the estrus cycle 
(Day -10) the females were evaluated for live weight, body condition score (BCS, 1-5 scale), subcutaneus fat 
thickness at the rump area (SFTR; ultrassonographic exams done with Aloka SSD500, Aloka, Japan) and the 
relation height/rib depth (RIBD). Ten days later (Day 0), all animals received an auricular ear implant 
containing 3.0 mg of Norgestomet (CRESTAR®, MSD Animal Health) and 2.0 mg of estradiol benzoate (EB; 
Gonadiol®, MSD Animal Health) intramuscularly (IM). At Day 8, the auricular implants were removed and they 
received 0.6 mg IM of estradiol cypionate (EC; ECP®, Zoetis), 0.265 mg IM of cloprostenol (Ciosin®, MSD 
Animal Health) and 300 IU of equine chorionic gonadotropin (eCG; Novormon®, MSD Animal Health). All 
females were then inseminated 48 h after implant removal. The pregnancy diagnosis was performed by transrectal 
ultrassonography (Aloka SSD500, Aloka, Japan) 30 days after FTAI. All variables were analyzed with the 
GLIMMIX procedure of SAS 9.3. The females were classified in categories according to the cutoff values provided 
by the Receiver Operating Characteristic curve (ROC): ≤ 13.0 months (≤ 13m; average = 12.8 months) and 
>13 months of age (>13m; average = 14.5 months); low BCS (LBCS,  ≤ 3.0) and high BCS (HBCS, > 3.0); low 
SFTR (LSFTR, ≤ 2.47 mm) and high SFTR (HSFTR, > 2.47 mm) ; higher (HRIBD, >44.0%) and lower RIBD 
(LRIBD, ≤44.0%). Interestingly, pregnancy rate to the FTAI protocol had a positive relationship with age [< 13m = 
27.8% (72/259) vs. >13m = 40.9% (160/391); P=0.01], BCS [LBCS = 29.7% (119/400) vs. HBCS = 45.4% 
(113/249); P<0.001], SFTR [LSFTR = 23.4% (62/265) vs. HSFTR = 44.4% (168/378); P=0.0003] and RIBD 
[LRIBD = 27.0% (77/285) vs. HRIBD = 41.9% (150/358); P<0.001]. In conclusion, parameters related to nutritional 
and physical development had a positive relationship with fertility of Nelore heifers at 13 months of age that were 
submitted to FTAI protocol. This information could be used to increase efficiency of FTAI programs used in young 
animals and develop a reproductive program in order to reduce the age at first calving and the interval between 
generations in Nellore breed. 
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This study aimed to compare the reproductive performance of dairy buffaloes submitted to TAI protocols based on 
P4/E2 during breeding (BS; May, June and July) and nonbreeding season (NBS; November, December and 
January). Thus, 351 dairy buffaloes were used in this study. Animals were raised in five herds in Ribeira Valley 
area, São Paulo State-Brazil. To compare the effect of the seasons, each herd had similar numbers of animals 
submitted to TAI in both seasons, totaling 168 animals in BS and 183 in NBS. On random days of the estrous cycle 
(D0; 4:00 PM), all buffaloes received an intravaginal progesterone releasing device (1 g of P4; Sincrogest®, 
Ourofino Agribusiness) plus 2.0 mg of estradiol benzoate im (Sincrodiol®, Ourofino Agribusiness). On day 9 (D9; 
4:00 PM), females received 0.53 mg of PGF2α im (Cloprostenol, Sincrocio®, Ourofino Agribusiness) and 400 IU of 
eCG im (Novormon ®, MSD Animal Health), followed by removal of progesterone device. On day 11 (D11; 4:00 
PM), 10 mg of buserelin acetate (GnRH Sincroforte®, Ourofino Agribusiness) were administered im. The TAI was 
performed 16 hours after application of GnRH (D12; 8:00 AM). At the beginning of each protocol (D0), it was 
recorded the number of days in milk (DIM) and body condition score of females (BCS, 1-5). Ultrasonography 
(Chison D600Vet, China) was conducted to determine: the cyclicity rate (presence of corpus luteum on D0 and/or 
D9); diameter of the dominant follicle in D9 and D12 (øDF); daily growth rate of the DF (between D9 and D12; 
DlgrDF); ovulation rate (Ov) and CL diameter 10 days after TAI (øCL); pregnancy diagnosis at 30 (P30) and 
45 days (P45) after TAI, and the rate of embryonic mortality (EM) in this period. Continuous variables were 
presented as mean and standard error of the mean (mean±SEM). The comparison between variables was performed 
through analysis of variance (ANOVA) using the Glimmix procedure of SAS®. Difference was considered when 
P<0.05. It was observed that despite of the similarity about DIM (111.1±8.8 vs. 144.3±8.6 days; P=0.27) and BCS 
(3.3±0.1 vs. 3.4±0.1, P=0.41) during BS and NBS, the females showed different cyclicity rate [76.2 (128/168) vs. 
42.6% (78/183); P=0.03]. None of other variables differed between BS and NBS, respectively: øDF D9 (9.6±0.2 vs. 
9.8±0.2 mm, P=0.35.); øDF D12 (13.1±0.2 vs. 13.2±0.2 mm. P=0.47); DLGRDF (1.9±0.1 vs. 1.9±0.1 mm/day; 
P=0.81); Ov [86.9 (146/168) vs. 82.9% (150/180); P=0.17]; øCL (19.0±0.3 vs. 18.4±0.3 mm. P=0.20); P30 [66.7 
(112/168) vs. 62.7% (111/177); P=0.31]; P45 [64.9 (107/165) vs. 60.2% (106/176); P=0.37]; EM [1.8 (2/111) vs. 
3.6% (4/110); P=0.96]. In conclusion, dairy buffaloes have similar reproductive efficiency in BS or NBS when 
subjected to TAI programs based on P4/E2 and eCG. 
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Resynchronization programs in which a new FTAI protocol is initiated in all animals even before pregnancy 
diagnosis are already used in some breeding systems. In beef cattle in which the reproductive season is used, the 
conception of a large number of females at the beginning of season is important not only for the current breeding 
season but also for the following one. The purpose of this study was to verify the efficacy of the use of a 
resynchronization protocol after the first FTAI using progesterone devices and estradiol benzoate to synchronize the 
follicular growth at the beginning of the protocol. Literature is controversial on the safety of estradiol esters in 
females at the beginning of pregnancy. A total of 183 multiparous beef cows (Nelore breed – Bos indicus) was used 
in a reproductive season program, divided into three treatment groups. G1: Conventional artificial insemination with 
the use of a teaser bull, G2: FTAI followed by estrus observation and conventional artificial insemination; G3: FTAI 
followed by resynchronization. The same FTAI protocol was used to all groups: Day 0, insertion of an intravaginal 
progesterone device and administration of 2 mg of estradiol benzoate (EB); Day 8, removal of device and 
administration of 500 mg of cloprostenol sodium and 1 mg of estradiol cypionate; Day 10, FTAI.Twenty days after 
FTAI, all cows from group G3 had an implant inserted and 1 mg of EB administrated. Upon pregnancy diagnosis, at 
day 28 post-AI, non-pregnant animals received 500 mg of cloprostenol sodium, 1 mg of estradiol cypionate, and the 
device was removed. The 2nd FTAI was performed on Day 30. The percentage of pregnant cows at the 1st FTAI 
and the total number of pregnant cows in the first 30 days of the breeding season were compared among the groups. 
The interval from the beginning of the breeding season to conception was submitted to the Kaplan-Meier 
distribution and a survival plot was prepared during the first 30 days of the reproductive season. Probability lower 
than 5% were considered significant. There were no differences in pregnancy rate after the first FTAI between 
groups 2 and 3 (42.6 and 52.5%, respectively - P>0.05). Such lack of difference indicates that the start of a new 
FTAI protocol in pregnant cows, as occurred in group 3, does not impair pregnancy in those animals. In G1, 
pregnancy rate following the 1st artificial insemination was 55.7%. The resynchronization protocol increased the 
number of pregnant cows at the beginning of season. The total number of pregnant cows by the end of 30 days of 
season was 55.7a, 57.4a and 82.0b for G1, G2 and G3, respectively (P<0.05). It was concluded that resynchronization 
of females, using the above mentioned protocol, before pregnancy diagnosis is safe and does not impair pregnancy 
maintenance in the initial stages of pregnancy. Resynchronization protocols are effective to increase the number of 
pregnant cows at the beginning of the breeding season. 
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Embryo mortality between 15 and 19 days of pregnancy in cattle is caused by the increase in the release of 
endometrial PGF2α, resulting in luteolysis. Synthesis of PGF2α can be inhibited in animals supplemented with 
linoleic acid-rich compounds, among them a sunflower seed. In previous studies, increased conception rate was 
observed in Nelore cows supplemented with sunflower seed for 22 days starting at the time of TAI (66.7% vs 
46.3%; P = 0.02; Peres et al., 2008, Acta Scientiae Veterinariae, 36, p.639) and crossbred heifers submitted to TET 
(55.7 % vs. 36.9 %; P < 0.01; Membrive et al., 2013, Acta Scientiae Veterinariae, 36, p.603). It was hypothesized 
that sunflower seed alters the expression of genes involved in biosynthesis of eicosanoids uterus. This study aimed 
to examine the effects of sunflower seed supplementation on the the abundance of transcripts for genes involved in 
the eicosanoid biosynthesis as prostaglandin E synthase 1 (PTGES1) and 2 (PTGES2), aldo-keto reductase B1 
(AKR1B1) and C4 (AKR1C4), cyclooxygenase-2 (COX-2), phospholipase A2 (PLA2), prostaglandin E receptor 
type 2 (PTGER2) and 4 (PTGER4). Nelore cows (n = 33) received an intravaginal device containing progesterone 
(1g; DIB , Syntex Biochemistry & Pharmaceutical Industries SA) associated with an intramuscular (IM) injection of 
estradiol benzoate (2mg; Benzoate HC, Hertape Calier Animal Health SA). The devices were removed 8 days later, 
when heifers were treated IM with cloprostenol sodium (2mg; Sincrocio®, Ourofino Animal Health Ltda), estradiol 
cypionate (0.5 mg; ECP®, Zoetis Animal Health Ltd.) and eCG (300IU; Folligon®, Intervet Veterinary Ltda of 
Brazil). Two days after removal of the device, females were divided into four groups to receive 1.7 kg / animal / day 
of 40% soybean meal, 44 % crude protein (CP) + 60 % sunflower seed for 6 (n = 8) and 14 days (n = 7) or 53% 
soybean meal 44% CP + 47 % corn for 6 (n = 9 ) and 14 days (n = 9). Both diets were formulated with 72 % TDN 
and 24 % CP. On the last day of supplementation, endometrial samples were collected from the the posterior part of 
the uterine horn ipsilateral to the corpus luteum via transcervical biopsy. Samples were stored at -196°C and 
evaluated for the expression of genes by real-time PCR. Data were analyzed using Proc Mixed of SAS. Cows 
supplemented with sunflower seed had higher (P < 0.05) expression on D14 than on D6 for PTGER4 (0.06 ± 0.02 
vs. 0.02 ± 0.01, respectively), AKR1C4 (0.65 ± 0.40 vs. 0.05 ± 0.03, respectively), COX -2 (0.14 ± 0.03 vs. 
0.02 ± 0.00, respectively). There was no difference in the expression of transcripts in treated or not with sunflower 
seed in same-day examined animals. It is concluded that the transcription of genes evaluated was not modified by 
supplementation with sunflower seed. 
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The fixed time embryo transfer (FTET) technique in beef herds can be an efficient alternative for multiplication of 
superior animals, presenting reproductive indices that justify their application. The aim of this study was to evaluate 
the pregnancy rate of Nelore (Bos indicus) cows submitted to synchronization protocols that allow for fixed-time AI 
(TAI) and/or FTET. Thus, 634 lactating Nelore cows were randomly assigned to one of four experimental groups 
according to the technique performed in two consecutive steps: 2TAI (n=160), 2FTET (n=152), TAI followed by 
FTET (TAI/FTET; n=160) and FTET followed by TAI (FTET/TAI; n=158). All animals received an intravaginal 
progesterone device (P4; Primer, Tecnopec) plus administration of 2 mg of estradiol benzoate (EB; RIC-BE, 
Tecnopec) at random stage of the estrous cycle (D0). On D8, P4 devices were removed and the females received D-
cloprostenol (0.530 mg; Prolise, Tecnopec), 1 mg of estradiol cypionate (ECP, Zoetis Animal Health) plus 300 IU of 
eCG (Folligon, MSD Animal Health). The females undergoing TAI were bred 48 hours after device removal. 
Females sent to FTET were evaluated for the presence of CL 9 days after removal of the devices and only cows with 
CL were transferred. Cows in both groups were resynchronized 30 days after the first TAI or 23 days after FTET. 
The same protocol was once again used as previously described, except for the dose of EB at the beginning of the 
protocol (1 mg). Females previously submitted to TAI at the first service were randomly divided into two 
experimental groups: 2TAI (second TAI service) and TAI/FTET (second FTET service) and females previously 
submitted to FTET at the first service were randomly divided into two experimental groups: 2FTET (second FTET 
service) and FTET/TAI (TAI second service). The post-partum period at first service was 41.4 days for TAI and 
47.4 days for FTET. At the second service it was 82.8 days for TAI and 89.8 days for FTET. The pregnancy 
diagnosis was performed by ultrasonography at 60 days of gestation. The pregnancy rate after the first service 
differed (P < 000.1) among reproductive managements: 2TAI (59.4%a; 95/160), TAI/FTET (59.4%a; 95/160), 
FTET/TAI (31.7%b; 50/158) and 2FTET (32.7%b; 51/156). Similalrly, pregnancy rates after the second service also 
differed (P = 0.06) among managements: 2TAI (50.8%; 33/65)a, TAI/FTET (40.6%; 26/64)ab, FTET/TAI (51.9%; 
55/106)a e 2FTET (35.0%; 36/103)b. Furthermore, the cumulative pregnancy rate (first + second service) also 
differed (P < 0.0001) across reproductive managements: 2TAI (80.0%; 128/160)a, TAI/FTET (75.6%; 121/160)ab, 
FTET/TAI (66.5%; 105/158)bc and 2FTET (55.8%; 87/156)c. In conclusion,  the use of two consecutive FTET 
produced lowered cumulative pregnancy rate in lactating Nelore cows. However, the association between TAI and 
FTET programs can be considered as a good strategy to increase number of offspring from ET, without lessening 
reproductive efficiency. 
 
Acknowledgments: Bioembryo, Nelore Jandaia and Agener União. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE), August 14 to 17th, 
2014, Natal, RN, Brazil. Abstracts. 

 

348 Anim. Reprod., v.11, n.3, p.348, Jul./Sept. 2014 

A068  FTAI, FTET and AI 
 

Effect of different doses of FSH on the superovulatory response in Santa Inês ewes 
 
D.C.R. Menezes

 

1, A.F. Ramos2, I. Pivato1, J.P. Neves1, B.D.M. Silva2, C.V. Muterlle1, P.O. Lopes3, I. Melara3,  
A.L.S. Guimarães1 

 
1UNB; 2EMBRAPA Recursos Genéticos e Biotecnologia; 3UNIDESC. 

 
 
Keywords: embryo, Santa Inês, superovulation. 
 
The embryo production in sheep is influenced by several factors, including superovulation protocol (SOV). The aim 
of this study was to evaluate the effect of different doses of FSH on superovulatory response and embryo production 
of Santa Inês ewes. Fifty seven animals were used and divided into three treatment with 19 animals per treatment. 
Santa Inês ewes were submitted to the protocol "Day 0", where the pre-estrus synchronization was achieved with 
placement of vaginal sponges impregnated with 60 mg of medroxyprogesterone acetate (MAP) for 6 days associated 
with 300IU eCG and 0.5 mL D-cloprostenol at removal of MAP, with buserelin (18μg) given 36 hours later. The 
SOV was performed with differents doses of FSH (T1 - 200mg, T2 - 133mg, T3 - 80mg) in 8 applications starting 
84 hours after removal of the MAP. At the seventh and eighth days of the application of FSH, animals received 0.25 ml of 
D-cloprostenol. Busserelin (18μg) was administered to induce ovulation at 12 hours after the eighth dose of FSH,. 
Artificial inseminations (AI) were performed 12 and 22 hours after application of buserelin, using frozen semen by 
laparoscopy technique. The embryo collection was performed by laparotomy, five days after AI. Ultrasound 
evaluation of follicular dynamics was performed in the donor in the first and eighth dose of FSH. The collected 
embryos were assessed for quality according to IETS (1998). The number of follicles larger than 4mm in the eighth 
dose of FSH of SOV and the total collected structures were evaluated by ANOVA. The number of viable and 
freezable embryos were compared using the Kruskal-Wallis test. In addition, response rate was evaluated with the 
Fisher's exact test. It was observed that the average number of collected structures (T1 = 3.9, T2 = 4.3, T3 = 2.2), 
viable embryos (T1 = 1.5, T2 = 3.9, T3 = 0.3), and freezable embryos (T1 = 1.4, T2 = 3.3, T3 = 0.3) were similar 
among treatments (P> 0.05). However, the response rate of the SOV donors was greater (P <0.01) in T1 (68.4%) 
and T2 (38.9%) than in T3 (16.7%). There was no difference (P> 0.05) across treatments with respect to the average 
of follicles> 4 mm at the eighth dose of SOV (T1 = 8.4, T2 = 6.5, T3 = 4.1). These results suggest that the dose of 
133mg of FSH for SOV in Santa Inês ewes shows similar results to 200mg, and both seem better than 80mg. 
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This study aimed to evaluate the reuse of progesterone intravaginal devices (P4) on reproductive performance of 
dairy buffaloes submitted to timed artificial insemination protocol during breeding season (autumn and winter). 
Thus, 142 lactating buffaloes kept on three farms in the Ribeira Valley, São Paulo State-Brazil were used. At 
random days of estrous cycle (D0; 4:00 PM) the buffaloes received an intravaginal progesterone releasing 
device (1 g of P4; Sincrogest®, Ourofino Agribusiness, Sertãozinho, Brazil) plus 2.0 mg of estradiol benzoate im 
(Sincrodiol®, Ourofino Agribusiness, Sertãozinho, Brazil). The trial design included 3 experimental groups, in 
which the P4 devices were randomly distributed according to the number of previous uses: New (1x, n=48), 
previously used for 9 days (2x, n=47) or used for 18 days (3x, n=47). On D9 (4:00 PM), females received 0.53 mg 
of PGF2α IM (Cloprostenol, SincrocioTM, Ourofino Agribusiness, Sertãozinho, Brazil) and 400 IU of eCG IM 
(Novormon®, Merck Animal Health, São Paulo, Brazil), followed by removal of progesterone device. In D11 
(4:00 PM), 10 mg of buserelin acetate (GnRH, Sincroforte®, Ourofino Agribusiness, Sertãozinho, Brazil) were 
administered IM. The TAI was performed 16 hours after GnRH (D12; 8:00 AM). On D0, number of days in milk 
(DIM) and body condition score (BCS; 1-5) were recorded for all buffaloes. Ultrasound assessments (Chison 
D600Vet, Shenzhen, China) were performed to determine: cyclicity rate (CLrt, presence of corpus luteum on D0 or 
D9); diameter of the dominant follicle (øDF) in D9 and D12; ovulation rate (Ov) and CL diameter  (øCL) 10 days 
after TAI. Pregnancy diagnosis occurred at 30 (P30) and 45 days (P45) after TAI, despite the occurrence of 
embryonic mortality (EM). Continuous response variables were presented as mean ± standard error mean. The 
comparison between variables was performed through analysis of variance using the GLIMMIX procedure of SAS 
(Institute Inc., Cary, NC). Difference was considered when P <0.05. All responses were similar between groups 1x, 
2x or 3x, respectively: DIM (114.9±17.5 vs. 98.0±10.2 vs. 109.9±14.2 days, P=0.96); BCS (3.1±0.1 vs. 3.3±0.1 vs. 
3.2±0.1, P=0.31); CLrt (81.2 vs. 78.7 vs. 80.8%, P=0.65); øDF D9 (9.0±0.4 vs. 9.0±0.3 vs. 9.6±0.4 mm. P=0.40); 
øDF D12 (12.2±0.5 vs. 12.3±0.3 vs. 12.6±0.4 mm. P=0.58); Ov between D9 and D12 (6.3 vs. 12.8 vs. 19.2%; 
P=0.17), Ov (77.1 vs. 87.2 vs. 82.9% P=0.69); øCL (18.8±0.6 vs. 18.7±0.6 vs. 19.1±0.5 mm P=0.71); P30 (64.0 vs. 
70.0 vs. 61.0%; P=0.70), P45 (62.0 vs. 65.0 vs. 61.0%; P=0.93) and EM (3.0 vs. 6.0 vs. 0.0%, P=0.30). In 
conclusion, it is possible to reuse P4 intravaginal devices in TAI programs performed in dairy buffaloes during 
breeding season without compromising reproductive performance.  
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Endocervical inflammation and uterine inflammation during early postpartum have affect the conception. However, 
the presence of cervicitis was not indicative of endometritis (Deguillaume et al., J. Dairy Sci. 95, 1776-1783, 2012). 
The objective was to evaluate the prevalence of endometrial and endocervical inflammation in crossbred cows at 
greater than 60 days in milk (DIM). Endometrial and endocervical cytological samples were collected from 149 crossbred 
cows at slatherhouse (Uberlândia-MG). Only uterine tratcts having completed uterine involution at macroscopic 
evaluation were used. The endometrial sample was collected using cytobrush. The thresholds of 5% and 6% 
neutrophils was considered to classify the inflammation in the cervix and in the uterus, respectively (Ahmadi et al., 
Veterinarski Arhiv 76(4), 323-332, 2006; Deguillaume et al., J. Dairy Sci. 95, 1776-1783, 2012). An additional 
histological analysis from the cervix and corpus of the uterus were performed. As results, 4.0% (6/149) of the cows 
presented inflammation on the cervix, 5.4% (8/149) presented endometritis and only 2.0% (3/149) presented both of 
inflamations. Interestingly, the degrees of cervix inflammation were: 66.6% (6/9) of the cows presented no 
inflammatory infiltration on cervical mucosa, 22.2% (2/9) had mild inflammatory infiltration and 11.1% (1/9) 
demonstrated moderate inflammatory infiltration. Furthermore, two of these three cows presented also inflammation 
in the endometrium. In conclusion, the present study demonstrated that 11.4 % of crossbred dairy cows with 60 DIM 
have some inflammation on endometrial and/or cervix.  
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The economic efficiency of livestock beef cattle is linked to the production of calves, which are destined for meat 
production or herd replacement. In order to provide a second chance for cows that were diagnosed as not pregnant 
following the previous AI, the use of resynchronization has becoming widely used in beef cattle. The objective of 
this study was to evaluate the efficiency of the use of eCG in resynchronization programs in lactating pluriparous 
Nelore cows with interval of 35-75 days postpartum. Objectives were to understand the interaction between dose, 
presence or absence of estrus, presence or absence of the corpus luteum (CL) and pregnancy rate. Seven hundred 
and senty five cows were used in the first fixed-time artificial insemination (FTAI) and cows that were found not 
pregnant (449) were used after 30 days. Cows were divided into three homogeneous groups (G) in a balanced way. 
The ultrasonographic examination to observe the presence or absence of CL structures was performed before the 
first FTAI and previously to resynchronization. All the experimental animals received the same protocol, however 
with different doses of eCG (0, 200 or 300 IU). On day 0, cows received a new intravaginal device containing 1 g of 
progesterone (Sincrogest®, Ouro Fino, Brazil) and 2 mg of estradiol benzoate intramuscularly (Sincrodiol®, Ouro 
Fino, Brazil). On day 8, the devices were removed and cows received IM 1 mg of estradiol cypionate (ECP®, Pfizer 
Saúde Animal, Brazil), 0.530 mg cloprostenol sodium (Sincrocio®, Ouro Fino, Brazil), G-0 did not receive 
eCG, G-200 received 200 IU of eCG (® Folligon, Intervet / Schering-Plough, Brazil), and G-300 received 300 IU. 
Behavioral estrus was recorded and all the cows were inseminated 48 hours after the removal of the progesterone 
device. Pregnancy diagnosis was performed 30 days after AI. The likelihood ratio test was applied to determine the 
importance of each variable and meaningful interactions were kept in the model. The McNemar test was used to 
compare the proportion of cows with CL. In animals showing signs of estrus after progesterone device withdrawal 
(0IU 65.6%, 200IU 71.6%, 300IU 82.0%) the different treatments did not alter pregnancy results (0IU 75.2%, 200 IU 
62.1%, 300 IU 74.8%). In contrast, for animals that did not show estrus, there were no differences in incidence of 
pregnancy among the G-200 and G-300, but G0 cows had lower pregnancy results (P<0.05) (0IU 19.6%, 200IU 
41.9%, 300IU 44.4%). The percentage of cows that had CL in the first AI (16.3%) was significantly lower than 
those with CL at the time of resynchronization (67.3%). The cumulative pregnancy rate after 40 days of breeding 
season was 77.5 %. According to this study, doses of 200 IU and 300 IU eCG when used in resynchronization 
programs in the first 30 days after FTAI, did not seem to differ in terms of pregnancy results. The cumulative 
pregnancy rate at 40 days of breeding season indicates that this tool can be used as a way to optimize reproductive 
management in beef cattle herds. 
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The aim of this study was to evaluate the influence of the high or low antral follicular count (AFC) on some 
parameters of follicular dynamics and ovarian diameter in Bos indicus cattle. A total of 250 suckling multiparous 
(40-60 days postpartum) Nelore cows was evaluated using an intravaginal microconvex array probe (Aquila PRO, 
Pie medical, Maastricht, The Netherland) for counting follicles ≥ 3 mm. After assessment of AFC, 58 cows with 
BCS 2.8 ± 0.1 (1-5 scale) were randomly assigned in one of two experimental groups: G-high (AFC ≥ 40 
follicles, n = 34) or G-low (AFC ≤ 10 follicle s, n = 24). During the estrous cycle (D0), cows were randomly 
submitted to a synchronization of ovulation protocol using an ear implant containing 3 mg of norgestomet 
(Crestar®, MSD Animal Health, São Paulo, Brazil). Animals also received intramuscular (i.m.) injection of 2 mg of 
estradiol benzoate (Gonadiol®, MSD Animal Health, São Paulo, Brazil). At the ear implant removal (D8), they were 
injected with 0.150 mg of d-cloprostenol (Prolise®, Tecnopec, São Paulo, Brazil), 300 IU of equine chorionic 
gonadotropin (Novormon®, Syntex SA, Buenos Aires, Argentina) and 1 mg of estradiol cypionate (ECP®, Zoetis, 
São Paulo, Brazil), i.m. Fixed-time artificial insemination (FTAI) was performed 48h after ear implant removal. 
Ultrasound exams were performed at D0, from D4 to D10 at every 24 h, from D10 to D12 at every 12 h (ovulation 
control) and D18. Parameters were determined on D5 (AFC, diameters of the largest follicle and ovary), D10 
(diameter of the dominant follicle at FTAI) and D18 (diameter of the CL). We also evaluated time to ovulation after 
ear implant removal and the rate of follicular growth. Data were analyzed using ANOVA and comparisons were 
performed by the Tukey test (P ≤ 0.05). Results are presented as mean ± standard deviation. The mean number of 
follicles was 49.2 ± 5.5 (G-high) and 11.4 ± 3.9 (G-low; P = 0.001). Cows of G-high had greater ovarian 
diameter on D5 (27.7 ± 4.0 mm) than G-low (19.5 ± 3.3 mm; P = 0.001). In the same day, the diameter of the 
largest follicle was similar between G-high (8.6 ± 1.5 mm) and G-low (7.7 ± 2.1 mm; P = 0.18). There was no 
difference in the rate of follicular growth (G-high 2.4 ± 1.4 vs. G-low 2.2 ± 1.2 mm/day; P = 0.59) and for diameter 
of the dominant follicle at FTAI (G-high 11.8 ± 2.0 vs. G-low 12.6 ± 2.0 mm; P = 0.26) between groups. Cows 
of G-high ovulated at 68.6 ± 8 hours and cows of G-low at 70 ± 7 hours (P = 0.64) after ear implant removal. The 
diameter of the CL was similar between G-high (18.4±3.0 mm) and G-low (18±3.2 mm; P = 0.67). We observed 
similarities in the parameters of follicular dynamics in Nelore cows with high or low numbers of antral follicles 
submitted to synchronization of ovulation. However, cows with high AFC had greater ovarian diameter. 
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The aim of this study was to evaluate the efficiency of lecirelin acetate (Gestran Plus®, ARSA, Argentina) in the re-
synchronization between FTAI and FTET programs. Two experiments were conducted. In experiment 1, 99 
multiparous Nelore cows, BCS 2.75 and 35 to 70 days postpartum were submitted to a FTAI program, in which they 
received an intravaginal device with 1 g progesterone (P4; PRIMER®, Tecnopec, Brazil) and 2 mg estradiol 
benzoate (EB; Ric BE®, Tecnopec, Brazil) im on D0. On D8.5 the device was removed and 500 µg cloprostenol 
(Estron®, Tecnopec, Brazil), 10 mg FSHp (Folltropin®, Bioniche, Canada) and 1 mg EB were given im. FTAI was 
performed 44 h later. On the 20th day after FTAI, all cows received 25 µg Gestran Plus®. At 28 days after FTAI, 
pregnancy diagnosis of the FTAI cows was done by ultrasound evaluation, and nonpregnant cows with a corpus 
luteum (CL) received FTET. The in vitro produced embryos were produced simultaneously to the resynchronization 
protocol, utilizing oocytes retrived from ovaries of donors sent to slaughterhouse. The conception rate to FTAI was 
44.4% (44/99). For nonpregnant cows, FTET rate was 76.3% (42/55), conception rate was 57.1% (24/42), and 
pregnancy rate was 43.6% (24/55). In experiment 2, 183 Nelore females (nulliparous = 107, multiparous postpartum 
= 76) underwent the same FTAI program described above. On the 20th day after FTAI, ultrasonography was 
performed and the animals without CL (n = 102) were divided into two groups. The Gestran group with 44 animals 
received 25 µg lecirelin acetate and the Control group with 58 animals received no further treatment. On the same 
day, other cows were subjected to OPU to perform IVF. All other procedures were similar to Experiment 1. 
Statistical analysis was performed using Chi-square. The conception rate to FTAI was 39.3% (72/183). The Gestran 
group had 84.1% (37/44) rate of FTET, against 74.1% (43/58) for the Control group (P = 0.23). Forty days after 
FTET, animals underwent ultrasound examination for pregnancy diagnosis. The conception rate of Gestran group 
was 62.2% (23/37) vs 34.9% of the Control group (15/43, P = 0.02). The pregnancy rate of Gestran group was 
52.3% (23/44) vs 25.9% (15/58) of the Control group (P = 0.01). The cumulative pregnancy rate in experiment 1 
(FTAI + FTET) was 68.6% (68/99) and in experiment 2, was 60.1% (110/183). The association of FTAI and FTET 
programs with the use of lecirelin acetate used at 20 days after FTAI caused a significant increase in reproductive 
efficiency, mainly because it allowed to equivalent of two services within 21 days of the breeding season with 
satisfactory rates of pregnancy in Nelore females. 
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This study aimed to evaluate the use of different dosages of estradiol cypionate (ECP) to synchronize ovulation in 
dairy cows subjected to a TAI and FTET protocols. In Exp.1 (FTAI), 643 Holstein cows received the following 
protocol: d0- 2mg of estradiol benzoate im (2.0mL Estrogin®, Farmavet, SP, Brazil ) + CIDR (1.9g of P4, Zoetis 
Animal Health, SP, Brazil ) + GnRH im (2.0mL Cystorelin®, Merial Animal Health, SP, Brazil); d7- PGF im 
(5.0mL Lutalyse®, Zoetis Animal Health, SP, Brazil); d9- CIDR withdrawal + PGF; d11- FTAI. Animals were 
randomly assigned to receive at d9 0.5mL (1.0mg) or 1.0mL (2.0mg) im ECP (Zoetis Animal Health, SP, Brazil). In 
Exp.2 (FTET), 593 lactating Girolando cows received the following protocol: d0- im 2mg of EB+CIDR; d7-im 
PGF; d9- withdrawal of CIDR; d18- GnRH im + FTET. Animals were randomly assigned to receive on d9 0.5mL 
(1.0mg) or 1.0mL (2.0mg) im ECP (Zoetis Animal Health, SP, Brazil). Binomial distributed variables were analyzed 
with PROC GLIMMIX. In Exp.1 ovulation rate was similar (P=0.59) between treatments. The treatment with 1.0mL 
of ECP showed higher (P<0.01) expression of estrus [93.2%(n =269/287)] compared with 0.5mL treatment 
[82.8%(n=245/296)]. Treatment did not affect (P=0.66) the rate of P/AI (pregnant AI) at 32d [0.5mL-
24.6%(n=80/326) vs 1.0mL-23.1%(n=73/317)] and 60d [0.5mL-22.8% (n=67/326) vs 1.0mL-21.4%(n=61/317); 
P=0.66] and pregnancy loss [0.5mL-17.9%(n=13/80) vs 1.0mL-17.4%(n=12/73); P=0.93]. There was a P/AI 
interaction (P=0.05) between treatments and body condition score (BCS) at the 60d pregnancy diagnosis, in which 
both thin (BCS<2.5) and fat (BCS>3.5) animals showed greater P/AI in the 1mL treatment, compared to the 0.5mL 
treatment [thin= 0.5mL-15.4%(n=12/104) vs 1.0mL-22.0%(n=21/107); fat= 0.5 mL-26% (n=4/18) vs 1.0mL-38.6% 
(n=10/28)] in animals with good BCS (BCS≥2.75≤3.25), 0.5mL treatment showed higher P/AI at 60d compared to 
1.0mL treatment [0.5mL-26.2%(n=51/204) vs 1.0mL-18.1%(n=30/182)]. In Exp.2 ovulation rate was similar 
(P=0.23) between treatments, an increased expression of estrus rate was observed in the 1mL treatment [0.5mL-
68.5%(n=148/216) vs 1.0mL-81.8%(n=184/225); P<0.01]. There was no effect of treatment on rate of P/ET at 30d 
[0.5mL-51.6%(n=147/285) vs 1.0mL-46.8%(n=144/308); P=0.24] and 60d [0.5mL-40.4%(n=115/285) vs 1.0mL-
35.1%(n=108/308); P=0.18] and pregnancy loss [0.5mL-21.8%(n=32/147) vs 1.0mL-25%(n=36/144); P=0.52]. In 
the cows without CL at d0 there was a tendency (P=0.06) in the 1.0 mL treatment to reduce the P/ET at 60d [0.5mL-
40.3%(n=50/124) vs 1.0mL-29.3%(n=39/133)]. In thin and fat cows there was no effect (thin P=0.97; fat P=0.94) 
between treatments in P/ET at 60d, in animals with good BCS, the 1.0mL reduced the P/TE at 60d [0.5mL-
40.3%(n=60/149) vs 1.0mL-29%(45/155); P=0.04]. In conclusion, increasing dosage of estradiol cypionate 
increased the percentage of animals with expression of estrus, did not affect ovulation rate and affected the P/AI or 
P/ET at 60 d by BCS. 
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This study aimed to evaluate the reproductive efficiency of Nelore females submitted to three consecutive FTAI 
programs with 32 days of interval between inseminations. The programs were conducted in a commercial farm 
located at Camapua-MS. A total of 2,200 females of the three following categories: heifers (HEIF; n = 584), 
primiparous (PRIM; n = 507) and multiparous cows (MULT; n = 1109) was submitted to the same fixed time 
artificial insemination (FTAI) protocol (Day -10). At this day, the females received a progesterone (P4) releasing 
device (Cronipress Monodose M-24®) and 2.0 mg intramuscular (IM) estradiol benzoate (EB; Bioestrogen®). On 
Day -2, the P4 device was removed and it was administrated 300IU IM of eCG (Novormon), 1.0 mg IM of estradiol 
cypionate (EC; ECP®) and 0.75 mg IM of cloprostenol (PGF; Croniben®). All females were inseminated 48 h after 
the P4 device removal, first day of the breeding season (Day 0). On Day 22, all females were resynchronized with 
the insertion of the P4 device and the 1.0 mg IM injection of EB. On Day 30, the females were submitted to 
ultrasonography examinations (Chison 9300VET, Kylumax, Brasil) for pregnancy diagnosis. The non-pregnant 
females, in addition to the P4 device removal, received 300IU of eCG, 1.0 mg IM of EC and 0.75 mg IM of PGF 
and were timed inseminated 48 h after later (Day 32). On the pregnant females it was only removed the P4 device. 
On Day 54, all females that received the second FTAI were resynchronized using the same described 
resynchronization protocol. The pregnancy diagnosis of the second FTAI was performed on Day 62, and the third 
FTAI occurred on Day 64. The statistical analysis was performed by the GLIMMIX procedure of SAS 9.3. The 
overall conception rates were verified among the three inseminations: first FTAI = 55.1% (1,015/1,843); second 
FTAI = 37.4% (303/811); and third FTAI = 41.7% (213/511). However, an interaction (P < 0.0001) was observed 
between the animal categories and the number of inseminations. In HEIF, the conception rates were greater in the 
first FTAI = 50.9% (297/583)a, compared to the second FTAI = 35.8% (98/274)b and third FTAI = 35.4% (63/178)b. 
Similar results were obtained in MULT cows: first FTAI = 65.4% (494/755)a vs. second FTAI = 37.3% (96/257)b 
vs. third FTAI = 44.0% (70/159)b. Differently, in PRIM females the conception rates did not differ between the three 
inseminations: first FTAI = 44.4% (224/505) vs. second FTAI = 38.9% (109/280) vs third FTAI = 46.0% (80/174). 
The final pregnancy rate of the breeding season was 83.1% (1,531/1,843), being 78.6% (458/583) for the HEIF, 
87.4% (660/755) for MULT cows and 81.8% (413/505) for PRIM cows. In conclusion, the use of three consecutive 
FTAI with 32 interval between inseminations results in satisfactory efficiency, independently of the category used, 
being multiparous more efficient than other categories. Such programs enable the establishment of a 64 days 
breeding season, without the use of natural mating.  
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Synchronization of ovulation and conception rate to TAI was evaluated in suckling Bos taurus beef cows (n=246) 
with 45±15 days postpartum maintained in native pastured system in Rio Grande do Sul. Females were randomly 
assigned in the groups and presented at the beginning of treatment the body condition score of 2.9 (1 to 5). Females 
were evaluated with ultrasound on the day zero (D0) of the protocol (Day 0), day 8 (D8), immediately before TAI 
(D10) and 7 days after TAI (Day 17). All cows were synchronized with Intravaginal Progesterone Releasing Device 
(IPRD) (0.75g of progesterone, Prociclar®, Hertape Calier Animal Health, Brazil) and 2mg im of estradiol benzoate 
(EB; Benzoato HC®, Hertape Calier) on D0. On Day 8, the IPRD was removed and 150μg of D (+) cloprostenol 
(Veteglan Luteolytic®, Hertape Calier), and 25IU IM of FSH/LH (Pluset®, Hertape Calier) were administered. 
Females in EC (n=84) group received 1 mg IM of Estradiol Cypionate (EC; Cipionato HC®, Hertape Calier). 
Females on D8 in hCG (n=81) group received 500IU IM of hCG (Vetecor, Hertape Calier) at the time of TAI. The 
females in EC + hCG group (n = 83) received both treatments. All cows were submitted to TAI 54h after withdrawal 
of IPRD. At the beginning of the protocol 29.2% (72 /246) of the cows had a corpus luteum. Some of the cows 
(n=102) had the time of ovulation monitored at every 12 hours starting at the withdrawal of IPRD [EC (n = 34), 
hCG (n = 34) and hCG + EC (n = 33)]. Statistical analysis was performed using PROC GLIMMIX of SAS. The 
diameter (mm) of the dominant follicle (DF) on Day 8 (8.7 ± 0.2, 8.8 ± 0.2, 8.6 ± 0.2) did not differ between 
treatments EC, EC + hCG or hCG (P = 0.79). However, the DF on D10 was bigger (P = 0.001) for cows treated with 
hCG (12.9 ± 0.3 mm) compared to cows from EC (11.3 ± 0.2) or EC + hCG group (11.8 ± 0.2). The interval (h) 
between the withdrawal of IPRD and ovulation was less (P = 0.01) for hCG group (71.2 ± 1.7) compared to the 
groups treated with EC or EC + hCG (76.6 ± 2.2 and 74.2 ± 1.7, respectively). The ovulation rate did not differ 
(P = 0.61) among EC (85.2%, 29/34), hCG (91.1%, 31/34) or EC + hCG groups (90.9%, 30/33). Corpus luteum diameter 
(mm) was greater (P = 0.04) on D17 for the hCG treated group (21.4 ± 0.3) compared to others (EC = 19.1 ± 0.8 or 
EC + hCG = 20.4 ± 0.8). However the plasma progesterone concentrations (ng/mL) on D17 were EC = 2.0 ± 0.1; 
hCG = 2.4 ± 0.1 and EC + hCG = 2.3 ± 0.1 (P = 0.19) and the conception rate on the 28th day after TAI 
(EC = 43.0%; hCG = 47.0% and EC + hCG =48.8%, P = 0.76) was also similar. Despite some differences in 
follicular diameter, and shorter interval to ovulation in hCG treated cows; both hCG and/or EC produced similar 
pregnancy rates in TAI programs in suckling Bos taurus cows. 
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The objective of this study was to evaluate the pregnancy rate in short (6 days) and long term protocols (12 days) 
with progesterone device inside and outside of the breeding season. There were 79 ewes Texel breed (TE) and Santa 
Inês (SI) that were between 2.0 and 4.0 years old, mean body condition score 3.0 (range 1-5). The ewes were 
maintained on Panicum maximum cv. Mombaça, receiving 250 g of concentrate with 18% crude protein (CP), with 
access to water and mineral salt ad libitum. Initially, each ewe received an intravaginal progesterone device (D0, 
CIDR, Zoetis, Animal Health, Brazil) which remained for 6 (G-6) or 12 days (G-12). At device removal we 
administered intramuscularly, 0.075 mg of cloprostenol (cloprostenol, Veteglan Hertape Calier®, Brazil) and 300 IU 
of equine chorionic gonadotropin (eCG, Novormon®, MSD Animal Health, Brazil). Two experiments were 
performed: experiment 1 outside of the breeding season, in November (n = 43) and Experiment 2 within the 
breeding season in March (n = 36). In experiment 1, 43 ewes were divided into two groups: G-6 (n = 24) and G-12 
(n = 19). In experiment 2, 36 sheep were divided into two groups: G-6 (n =18) and G-12 (n = 18). Approximately 50 hours 
after CIDR removal ewes were inseminated at fixed time with laparoscopy with frozen semen containing 200x106 
sperm cells. Pregnancy diagnosis was performed 40 days after AI by ultrasound. Statistical analysis was performed 
with the Chi-square test and the Yates correction for continuity was used. For all comparisons, we adopted a 
significance level of 5% in the Biostat 5.0 software. The pregnancy rate on experiment 1 in G-6 group was 58.33% 
(14/24), in the G-12 group was 52.63% (10/19) and the overall percentage, regardless of group, was 55.81% (24/43). 
In Experiment 2 (within the breeding season) the pregnancy rate of the G-6 group was 61.11% (11/18), and the 
G-12 group 66.66% (12/18), being 63.88% (23/36) overall percentage independently of group. The overall 
pregnancy rate of both experiments (inside and outside the breeding season) was 59.49% (47/79), being 59.52% the 
pregnancy rate of the G-6 (25/42) and 59.46% G-12 (22/37). There was no significant difference in pregnancy rate 
when comparing the time of permanence of the progesterone device nor in relation to reproductive season. We 
conclude that it is possible to reduce the time of the fixed-time AI protocol, both for in and out of the breeding 
season, without affecting pregnancy rate. 
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This study was conducted at the Experimental Station of São Bento do Una (ESSB/IPA) Pernambuco, Brazil, 
(Latitude 08 31’35” and Longitude 036 27’38.4”) and temperature-humidity index of 63.5. Cyclic Holstein cows 
with a lactation period of 60 to 150 days; average production of 18.9 kg/milk/day; having 28 to 108 days in milk and 
BCS varying form 2.0 to 4.0. The herd was kept in semi-intensive system, receiving a diet composed of cactus pear, 
sorghum silage and protein concentrated with 24% of crude protein (CP) besides mineral supplement and water ad 
libitum. All cows were monitored for cyclicity and underwent gynecological examination. Reproductively sound 
animals were randomly distributed into two experimental groups: G1 (AI) and G2 (TAI). In G1 (n=157) cows 
underwent estrus observations twice a day, during 12 months, and those detected in estrus were artificially 
inseminated 12h later. In G2 (n=132) cows were allocated in groups of approximately 20 females receiving TAI 
each 60 days during a period of 12 months. All cows in G2 received a hormonal protocol with an intravaginal device 
containing 1.9g of P4 (CIDR, Pfizer, São Paulo, Brazil) and 2.0mg of EB (RIC-BE, Tecnopec, Sao Paulo, Brazil) 
intramuscularly at day (D0). At day 7 of the protocol (D7) it was administered 0.530mg of sodium cloprostenol 
(Ciosin, MSD, Sao Paulo, Brazil) and 400 IU of eCG (Folligon, MSD, São Paulo, Brazil); at day 8 (D8) intravaginal 
devices were removed. On day 9, cows received 1.0mg of EB im and were bred by fixed-time AI at 54 h after 
intravaginal device removal. Cows from G1 were submitted to ultrasonography at D9 to evaluate follicular diameter, 
and all cows from both groups (G1 and G2) were artificial inseminated with conventional semen. Some variables 
evaluated were number of services per conception, conception rate and embryo loss at day 30 and 60 after TAI. 
Milk production was assessed in each group through standard 305-day lactation period. Data were analyzed with 
ANOVA and T-test (5%) using the statistical program SPSS 16 for windows. Follicular diameter at D9 in cows 
from G2 varied from 6.8 to 23.2 mm. Number of services per conception for G1 was 1.91 and for G2 1.36; P < 0.05. 
Conception rate at day 30 was 42.0% for G1 and 65.2% for G2 and at day 60, 41.4% for G1 and 62.9% for G2; 
P < 0.05. Embryo loss for G1 was 1.50% and 3.50% for G2; P > 0.05. The median average milk production per cow 
and the average daily production obtained in G1 were 3.537Kg and 11.60 kg, and to G2 were 6.645 kg and 21.78 kg; 
P<0.05. Therefore, it is concluded that the TAI increases productive and reproductive efficiency of Holstein cows 
reared in semi-arid conditions. 
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We hypothesized that greater size of uterus is related to reduced fertility in lactating dairy cows. A total of 705 
Holstein dairy cows were synchronized for ovulation using Gonadotropin releasing hormone (GnRH) and 
prostaglandin F2α (PGF) in the Double-Ovsynch protocol (GnRH-7d-PGF-3d-GnRH-7d-GnRH-7d-PGF-56h-
GnRH-16h-timed AI). Blood samples were taken to evaluate progesterone (P4) concentrations at the time of last 
PGF and final GnRH. Based on P4, cows that were not synchronized (n = 52) were excluded from further analysis 
(P4<2.0 ng/mL at PGF and/or P4>0.5 ng/mL at GnRH). A total of 653 cows (307 primiparous, 346 multiparous) 
were included in the final analysis for fertility. Overall pregnancies per AI (P/AI) were 48.9% for primiparous and 
39.3% for multiparous cows. At time of final PGF (72h before AI), uterine diameter was determined for both uterine 
horns by ultrasound at the greater curvature. Length of uterus (cervix to ovary) was determined by hand palpation 
compared to a hand ruler. Total volume of uterus was estimated by determining volume of each horn as the volume 
of a cylinder (V= πr2h; r = diameter/2 at greater curvature; h = length of horn). Differences between groups were 
determined with Student’s t-test and logistic regressions were performed with Proc Logistic in SAS. Overall, 
pregnant cows (n = 286) were less than non-pregnant cows (n = 367) for uterine diameter (18.0 ± 2.3, 18.7 ± 2.3; 
P=0.0001), uterine length (25.1 ± 2.1, 25.6 ± 2.4; P=0.01), and total uterine volume (130.0 ± 38.3, 143.1 ± 41.8; 
P=0.0001). However, multiparous cows were greater than primiparous cows for uterine diameter (18.9 ± 2.4, 17.9 ± 2.2; 
P=0.0001), uterine length (25.8 ± 2.2, 24.8 ± 2.2; P=0.0001), and total uterine volume (147.3 ± 42.6, 126.2 ± 35.6; 
P=0.0001) and therefore analyses were performed by parity. For multiparous cows, pregnant cows (n = 136) were 
less than non-pregnant cows (n = 210) for uterine diameter (P = 0.003), uterine length (P=0.04), and total uterine 
volume (P = 0.001). In primiparous cows, pregnant cows (n = 150) were not different from non-pregnant cows (n = 157) 
for uterine length (P = 0.42) but tended to be less for uterine diameter (P = 0.05) and uterine volume (P = 0.07). 
Logistic regression indicated that P/AI for all cows was related to uterine diameter (P < 0.0001), uterine length (P = 0.01), 
and total uterine volume (P < 0.0001) with cows with greater uterine size having reduced P/AI. Similarly for just 
multiparous cows, diameter (P = 0.003), length (P = 0.04), and volume (P = 0.002) were related to P/AI. However 
for primiparous cows, P/AI tended to be related to uterine diameter (P = 0.06) and volume (P = 0.07) but was not 
related to length (P = 0.42). Uterine diameter was also related to circulating P4 concentrations in multiparous (r = -0.15; 
P = 0.005) but not primiparous (r = -0.08; P = 0.16) cows. Thus, uterine size is clearly related to fertility in 
synchronized lactating dairy cows with greater uterine size being associated with reduced fertility. These changes in 
uterine size may be a causative factor for reduced fertility in dairy cows particularly multiparous dairy cows. 
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Increased circulating progesterone (P4) concentrations during early pregnancy favor conceptus development 
(O’Hara L. Reprod Fertil Dev 26:328-36). In addition, long-acting P4 supplementation on day 3 post-ovulation 
increases the plasma P4 concentrations for 72 hours and does not alter the CL development (Pugliesi G. Reprod 
Dom Anim 49:85-91). We aimed to evaluate the effect of administration of a long-acting P4 formulation after 
timed-AI (TAI) on fertility of beef cows. On Experiment 1, suckling Nelore cows between 30 to 50 days post-partum and 
with a averaged body condition score of 3.7 (scale: 1 to 5) received an intravaginal P4 device (Sincrogest; Ouro 
Fino, Cravinhos, SP) and an im injection of estradiol benzoate (2 mg; Sincrodiol, Ouro Fino) on Day −10 (Day 0 = 
day of TAI). On Day −2, devices were removed and cows received im estradiol  cypionate (1 mg; ECP; Zoetis, São 
Paulo, SP), eCG (300 IU; Novormon; Zoetis) and sodium cloprostenol (0.530 mg; Sicrocio; Ouro Fino). On Day 0 
cows were TAI and diameter of preovualtoy follicle was measured through transrectal ultrasonography. On Day 4 
post-TAI the ovulation was confirmed by ultrasound, and animals were split to receive im 1 mL of vehicle (Control 
group; n= 393) or 150 mg (1mL) of long-acting P4 (Sincrogest injectable; Ouro Fino; P4-treated group; n=390). On 
Experiment 2, two ultrasound evaluations 10 days apart were performed in suckling Nelore cows with 35 to 65 days 
post-partum and averaged body condition score of 3.3. Cows without a CL at both evaluations (considered in 
anetrus) were synchronized and split in the Control (n=189) and P4-treated (n= 187) groups as described on 
Experiment 1. In both experiments the pregnancy diagnosis was done between 35 and 60 days post-TAI, and conception 
rates were analyzed by logistic regression using the PROC Glimmix from SAS software. On Experiment 1, the 
conception rate did not differ (P>0.1) between Control (53.2%; 209/393) and P4-treated (56.2%; 219/390) groups. 
Considering only ovulated cows, the conception rate also did not differ (62.6%; 209/334 and 65.6%; 219/334; 
P>0.1) for Control and P4-treated groups, respectively. On Experiment 2, the conception rate was 46.0% (86/187) 
for the Control group and 55.6% (105/189; P=0.05) for the P4-treated group considering all cows, and 49.1% 
(86/173) for the Control group and 59.0% (105/178; P=0.08) for the P4-treated group, when considering only 
ovulated cows. In conclusion, the administration of long-acting P4 on the forth day after TAI improves fertility of 
non-cycling beef cows.  
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The current study evaluated the efficiency of the synchronization of a new follicular wave emergence after 
administering GnRH or estradiol benzoate (BE) at the beginning of the resynchronization protocol at 25 days (Day 25) 
after TAI in Holstein cows with unkown pregnancy status. A total of 41 lactating cows was distributed in two 
experimental groups at a random stage of the estrous cycle, and all animals underwent the same TAI protocol [2mg 
of EB + progesterone device (P4)-8d-device removal + 1mg estradiol cypionate + 0.150 mg of cloprostenol 
(PGF2α)-TAI 48h later]. Twenty five days after TAI, all females were examined by ultrasound and blocked into two 
experimental groups GnRH (n=21) or EB (n=20), according to the presence (87.8%, 36/41) or absence of corpus 
luteum. Thus, the complete sequence of hormonal treatments were: P4 device insertion (Primer®, Agener-
Tecnopec) and 2.0 mg of EB (RIC-BE®, Agener-Tecnopec; BE GROUP) or P4 device insertion and 25 μg of 
Lecirelin (GnRH; Gestran, Tecnopec; GnRH GROUP). Between days 25 and 32, all females were subjected to 
ultrasonography exams at every 24 hours to evaluate the synchronization of the emergence of a new follicular wave. 
On Day 32 the P4 device was removed and both groups received another ultrasound exam forpregnancy diagnosis 
and, therefore, determine which cows would continue (non-pregnant females, n=26) or not (pregnant females, 
GnRH: 33.3%, 7/21 and EB: 40%, 8/20) in the resynchronization protocol. At this moment, only non-pregnant 
females (GnRH: n=14 and EB: n=12) received 0.150 mg of d-cloprostenol (Prolise®, Agener-Tecnopec), 1.0 mg of 
EB 24 hours later (Day 33) and were inseminated on Day 34. The ovulation was assumed following the 
disappearance of the ovulatory follicle detected by ultrasonographic exams occurring at every 12 hours until 96 hours 
after device removal. Then, pregnancies following the first TAI were confirmed on Day 70 (GnRH: 71.4%, 10/14 
and EB: 75.0%, 9/12). The results were analyzed with the GLIMMIX procedure of SAS® and only non-pregnant 
animals were considered in the analyses. It was observed similar (P = 0.81) new follicular wave emergence rate 
[GnRH: 71.4% (10/14) vs. EB: 75% (9/12)], however, the time of emergence differed (P < 0.001) between the 
experimental groups (GnRH: 2.0 ± 0.3 d vs. EB: 3.4 ± 0.3 d). The ovulatory follicle diameter was greater (P = 0.008) in 
the GnRH group (16.0 ± 0.8 mm) compared to the EB group (12.9 ± 0.8 mm). In addition, the time of ovulation was 
similar (P = 0.94) between groups (GnRH: 78.5 ± 1.7 h vs. EB: 78.7 ± 2.9 h after P4 device removal), as well as 
ovulation rate [GnRH: 92.9% (13/14) vs. EB: 75.0% (9/12); P = 0.22]. In conclusion, the administration of either 
GnRH or EB at the beginning of the resynchronization protocol at unknown pregnancy status are efficient to induce 
synchronized emergence of new follicular waves and ovulation in lactating Holstein cows. 
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Infectious diseases related to reproduction are referred as important in cattle mostly in dairy cattle, due its ease 
dissemination between animals managed in intensive systems. However, in beef cattle such diseases can also 
negatively affect reproductive performance. In Brazil, this situation is of great relevance considering the size of beef 
cattle population. This study analyzed the effect of vaccinating against IBR, BVD, Bovine Parainfluenza type 3, 
Leptospirosis (PI3), Bovine respiratory syncytial virus (BRSV) and Campylobacteriosis (Fertiguard™-Vallée S.A.) 
over the gestation and calving rates in a beef cattle herd kept in extensive system, with four-month breeding season, 
in which no previous vaccination against these diseases had been used. Four hundred and thirty four Bos indicus 
females (Zebu) under two different physiological status, that is, pregnant cows (n=246 - between 230 and 270 days 
of gestation) and postpartum cows (n=188 - between 10 and 50 days postpartum), were randomly divided in two 
groups (vaccinated and control). Animals of different groups were kept grazing together. Independent of the 
physiological status, cows were vaccinated with two doses, applied 50 and 20 days before the beginning of the 
breeding season. Fertility tested bulls were used in a proportion of 1:30. Reproductive performance in breeding 
season following the vaccination was evaluated and the calving percentage was also recorded. The percentages were 
compared by Chi-square test and statistical significance was assumed at 5% probability. Vaccination improved the 
gestation rate in immunized pregnant cows (84.5% vs 78.7%) and in immunized calving cows (90.3% vs 82.1%). 
The calving rate on the subsequent season was also higher in vaccinated cows (82.8% vs 75.7%). The immunized 
group, regardless of reproductive status, had improved reproductive performance as compared to cows in the control 
group (P < 0.05). Immunized cows showed better pregnancy rate by the end of the subsequent season and lower rate 
of pregnancy loss from the end of breeding season to calving (P < 0.05); which resulted in a better calving rate in 
comparison to the control group. Therefore, it is concluded that the vaccination previously to the breeding season 
can be done on cows at the end of gestation and/or after calving because it improves reproductive efficiency and 
calving rates in the following calving season in beef cows. 
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The objective was to evaluate the evolution of FTAI, identifying the most used protocols and the factors that 
influence the efficiency of the technique. The most commonly used protocols were CIDR® [D0: 2.0mg of EB 
(Gonadiol®, MSD Saúde Animal, São Paulo, Brazil) + implant of P4 (CIDR®, Zoetis, São Paulo, Brazil); D9: 
application of 10 mg PGF2α (Dinoprost, Lutalyse®, Zoetis, São Paulo, Brazil) + removal of the implant + 300 IU of 
eCG (Folligon®, MSD Saúde Animal); D10: 1.0mg of EB; D11: FTAI]; DIB® [D0: 2.0mg of EB (Gonadiol®, 
MSD Saúde Animal) + implant of P4 (DIB®, MSD Saúde Animal, São Paulo, Brazil); D8.5: application of 10 mg 
PGF2α (Cloprostenol, MSD Saude Animal) + removal of the implant + 300 IU of eCG (Folligon®, MSD Saúde 
Animal) + application of 0.5mg estradiol cypionate; D10: FTAI] and Ovsynch. Denominated T1, T2 and T3, 
respectively. A pregnancy per AI (P/AI) following 49,426 inseminations was evaluated according to the protocol, 
body condition score (BCS) in a scale of 1.0 to 5.0, and animal category (heifers, primiparous and multiparous), 
number of reutilizations of the device (1st, 2nd, 3rd and 4th uses), month of FTAI, time (morning or afternoon), 
presence and absence of shading, inseminator (best and worst P/AI), semen (best and worst P/AI) and handling 
(with and without stress). Data were analyzed using the SAS (2000) using the Chi-square test, (P<0.05).The mean 
P/AI was 52.5 ± 10.3%, similar averages in other regions of Brazil (Baruselli et al., 2002, Brazilian Journal of 
Animal Reproduction 26, 218-221). The most efficient protocol (P<0.05) was the T1 (55.3 ±9.3%) compared to T2 
(51.1 ± 7,2%) and T3 (34.4 ± 5,1%). The BCS influenced P/AI (P<0.05), being the best rates (54.5±16,5%) in 
animals with BCS of 3.5 when compared to the score 2.5 (32.9±4,3%). Cow category influenced P/AI (P<0.05), 
being primiparous (48.8 ± 7.3%) lower than heifers (54.8 ± 5.7%) and multiparous (56.5 ± 2.3%). The use of more 
than once of the P4 implant, did not influence P/AI (P>0.05), being 54.2%, 54.5%, 55.9% and 56.3% for 1st, 2nd, 3rd 
and 4th use, respectively. Inseminations performed in November resulted in the best P/AI (60.2 ± 11.3%; P<0.05), 
compared to the months of September, October and December. The time of the day in which breeding was 
performed influenced P/AI (P<0.05), and those performed in the morning (69.0±20.2%) were higher than those of 
the afternoon (49.3±5.8%). Difference was also observed in P/AI with regards to shading, as follows: with shadow 
(70.4 ± 18.4%), without shadow (51.9±8.6%). The inseminator with the best P/AI obtained (78.6 ± 21.6%) and the 
one with lowest P/AI was (15.9 ± 3.6%). Similarly, there was a significant variation in P/AI according to semen, 
with the best P/AI reaching 77.8 ± 22.25% and the worst semen having P/AI of 24.3 ± 4.3% (P<0.05). Handling also 
had an effect, with best handling with P/AI of 77.0 ± 18.3% and the worst 41.3 ± 12.0% (P<0.05). Therefore, the 
type of protocol, the BCS, animal category, month of breeding, time of insemination, shading, AI technician and 
handling all influenced P/AI; however, the reuse of progesterone devices did not affect P/AI in FTAI protocols. 
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The maintenance of recipients has a major impact on the cost of a commercial ET program in cattle. Alternatives to 
get the recipients pregnant as soon as possible is important for technical and finantial viability of the program. 
Resynchronization protocols can offer this possibility, but require the application of hormones in females in the 
initial stage of pregnancy, even before pregnancy diagnosis. The aim of this study was to evaluate the efficiency of a 
resynchronization protocol on pregnancy rate in crossbred heifers used as embryo recipients. The study was 
conducted in a farm located in the Southwest of Minas Gerais State - Brazil. Embryos (184) were produced in vitro 
(IVP) using Gyr donors and sexed sorted semen. A  timed embryo transfer protocol (TET) was used to synchronize 
the time of ovulation in the recipients. DO: progesterone intravaginal device insert PID-(Prociclar™-Brazil) plus 
0.5mg of estradiol benzoate – EB (Benzoato HC™-Brasil) IM; D8: PID removal plus 0.5 mg of estradiol cypionate–
EC (Cipionato HC™-Brasil) IM and 0.125mg of D-Chloprostenol IM (Veteglan™- Brazil). At the embryo transfer 
day (D17) recipients were evaluated by ultrasound (Mindray™–M5) and those having a corpus luteum were used. 
Fourteen days after embryo transfer (ET) the recipients were randomly divided into two groups: G1 (n=92) start of 
the resynchronization protocol by inserting a PID and application of 1 mg of EB, and G2 (n=92) untreated controls. 
This procedure was designed to evaluate the effect of application of estradiol in early pregnancy. Eigth days later all 
recipients were again evaluated by ultrasound for pregnancy diagnosis. The pregnant females in G1 had their PID 
removed. Animals not pregnant females in this group received 0.5mg of EC and 0.125 mg of D-Chloprostenol IM 
and PID was removed. Ten days later these animals were again evaluated and those that were eligible were 
inovulated. In G2 the beginning of the second TET protocol only occurred after the non-pregnancy diagnosis. The 
Chi-square X2 test was used to analyze pregnancy rate after first and second embryo transfer and the number of 
pregnant recipients at 30 and 45 days. The pregnancy rate after the first ET was not different between groups 
(P>0.05 – 52.2 vs 48.9% for G1 and G2). This result confirm that the insertion of a PID and application of 1 mg of 
EB in females at the beginning of pregnancy does not seem to impair pregnancy maintenance. After the second ET, 
pregnancy rate was agin not different (P>0.05 – 47.9 vs 48.8% for G1 and G2). These results indicate that the 
resynchronization protocol does not affect with future fertility of the recipient. Thirty days after the beginning of the 
study the number of recipients that were pregnant was not different between groups (48 and 45% for G1 and G2). In 
contrast, at forty-five days, G1 had more pregnant recipients than G2 (67 and 45% for G1 and G2). We conclude 
that the use of the resynchronization protocol does not affect maintenance of the early pregnancy and will anticipate 
time to pregnancy in recipient animals. 
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In tropical environments, high temperature and high humidity associated with air radiation, reduces the efficiency of 
heat loss and thus, increases the animal's stress (Silva et al., 2007 Brazilian Journal of Zootecnia.v.36, p.1192-1198), 
limiting development, production and reproduction (Vasconcelos et al., 2006 Theriogenology, v.65, p.192-200). 
According to HAHN (Stress physiology in livestock, v.2, 1985), for domestic animals in general, a value of 
temperature and humidity index (THI) at or below 70 indicates normal condition; and above 71 values characterize 
stress condition. For Armstrong (Journal of Dairy Science, v.77, p.2044-2050, 1994) THI above 72 is considered 
heat stress. The aim of this study was to evaluate the effect of thermal comfort index, using THI, on the reproductive 
performance of  Brangus cows submitted to TAI in wetland savannah. Brangus females (n = 421) were submitted to 
estrus synchronization and TAI protocols between September and October 2013, in two separate groups. The 
protocol used was as follows: on a random day of the estrous cycle, vaginal devices with 1.9 g of progesterone 
(CIDR®) were inserted and 2mg of estradiol benzoate IM was applied (BE; Estrogin®). On D9 device removal was 
performed and 300 IU of eCG (SincroeCG®), 0.8 mg of estradiol cypionate (ECP®) and 12.5 mg of dinoprost 
(Lutalyse®) IM was applied. The TAI was performed 48-54 hours after device withdrawal. At the same time the 
THI was calculated hourly during the program, using the methodology proposed by Thom (Weatherwise, v.12, 
p.57-60, 1959). The THI of the whole TAI program was 72 for the first group of animals and 73 for the second one. 
On the day of the TAI the THI was 72 and 74 respectively, classified as mild stress index, what according Hahn, is 
sufficient to cause reduction in reproductive performance. However, the TAI pregnancy rate was 54.4% (143/263) 
and 63.3% (100/158) for the first and second groups, both results considered suitable for TAI programs. It is 
suggested that THI up to 73 does not characterize heat stress for the Brangus breed. Further comprehensive studies 
should be conducted to define the range of thermal comfort for cattle breeds adapted to the tropics. 
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High progesterone concentration during hormonal protocols has a negative effect in follicle growth, lowering 
preovulatory estradiol and post ovulatory progesterone in Nelore heifers. A recent study showed the impact of LH 
on expression of LH receptor (LHR) in granulosa cells (Luo et al., Biol Reprod, v.84, p.369-78, 2011). We suggest 
that the lower LH pulsatility, influenced by high P4 concentration, would down regulate the expression of LHR and 
consequently decrease follicle development after deviation. The objective was to evaluate if the progesterone 
concentration affects expression of LHR in granulosa cells from dominant follicle (DF) in Nelore heifers. We 
utilized 52 pre-synchronized heifers (D-17: 2mg EB + intravaginal progesterone device CIDR®; D-10: 12.5mg 
PGF2α Lutalyse®; D-8: 0.5 mg ECP® + CIDR® removal). Heifers that responded to pre-synchronization (presence 
of CL) were submitted to follicular ablation and blood collection on D0 and randomly distributed in six groups. 
High P4 D5 (CIDR1 [new] on D0 and slaughtered on D5 with blood collection); High P4 D6 (CIDR1 and 
slaughtered on D6); High P4 + PE (proestrus) (CIDR1 on D0, CIDR removal, blood collection and 25mg PGF2α on 
D5 and slaughtered on D6); Low P4 D5 (CIDR3 [previously used for 18 days] on D0 and 25mg PGF2α on D0 and 
D1, slaughtered on D5); Low P4 D6 (CIDR3 ond D0 and 25mg PGF2α on D0 and D1, slaughtered on D6); Low P4 
+ PE (CIDR3 ond D0 and 25mg PGF2α on D0 and D1, CIDR removal, blood collection and 25mg PGF2α on D5 
and slaughtered on D6). The ovaries were taken and DF diameter measured after dissection. The comparison of the 
effect of P4 concentration on LHR expression was analysed by ANOVA. Granulosa cells from heifers treated with 
high P4 had decreased expression of LHR (P<0.01); [High P4 D5 (n=6; P4 slaughter = 9.10ng/mL; average DF 
= 8.6mm; average LHR = 0.05 ± 0.12), High P4 D6 (n=8; P4 slaughter = 6.76ng/mL; DF = 9.35mm; LHR = 
0.28 ± 0.15), High P4 + PE (n=6; P4 D5 = 7.76ng/mL; P4 slaughter = 0.79ng/mL; DF = 11mm; LHR = 0.72 ± 0.27)] vs. 
[Low P4 D5 (n=7; P4 slaughter = 3.23ng/mL; DF = 12.8mm; LHR = 3.28 ± 1.13), Low P4 D6 (n=6; P4 slaughter = 
2.20ng/mL; DF = 11.56mm; LHR = 2.56 ± 0.91), Low P4 + PE (n=4; P4 D5 = 4.26ng/mL, P4 slaughter = 
0.42ng/mL; DF = 13mm; LHR = 1.33 ± 0.47). In conclusion, high P4 concentration decreased LHR expression in 
granulosa cells of DF from Nelore heifers. 
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The objective of this study was to evaluate the plasma progesterone concentration in sheep according to time of 
progestagen permanence (6, 9 or 12 days) and correlate with the pregnancy rate in protocols for artificial 
insemination (TAI) in sheep. There were 38 ewes of Texel (Te) and Santa Inês (SI), randomly divided into three 
groups according to duration of treatment with progestin: short-term (6 days, G-6; n=13), average (9 days G-9; 
n=13) or long (12 days, G-12; n=12). The sheep were between 4.0 and 6.0 years old and mean of body condition 
score was 3.0 (range 1-5). They were maintained on Panicum maximum cv. Mombasa, receiving 250 g of 
concentrate with 18 % crude protein (CP), with access to water and mineral salt ad libitum. Initially, each ovine 
received an intravaginal sponge with progestin (D0, Acetate of Medroxiprogesterone, Progespon®, Syntex, Brazil) 
which remained for 6 (G-6), 9 (G-9) or 12 days (G-12). At sponge removal animals received 0.1315 mg of 
prostaglandin F2α (PGF2α, Sincrocio®, Ourofino, Brazil) and 300 IU of equine chorionic gonadotropin (eCG, 
Folligon®, Intervet, Brazil), intramuscularly. Blood samples were collected by jugular venipuncture in heparinized 
tubes of 15 mL in four moments: at the insertion of progestin (D0); removal of progestin; artificial insemination 
(TAI); and 10 days after TAI. After that, blood samples were centrifuged at 750 g for 15 minutes to separate the 
plasma, which was frozen at -20 °C. The dosage of the plasma progesterone concentration was performed using a 
commercial kit (Coat- A-Count, Diagnostic Products Corporation, CA, USA). The intra-assay coefficient of 
variation was 2.54 % for high control and 0.09 % for under control. The laparoscopic TAI was made at least 50 hours 
after withdrawal of progestin. One-way analysis of variance (one-way ANOVA) was used and the means were 
compared by Tukey method. When the data did not show homogeneity of variance, the Welch correction was 
performed and the evaluation of contrasts was done by Games-Howell. Chi-square test of Pearson was used for the 
analysis of pregnancy rate. All analyzes were conducted with SPSS software v. 13.0. At the time of progestin 
withdrawal, P4 in G-12 was significantly (P<0.05) lower (0.34 ng/mL) than P4 in G-6 (1.68 ng/mL) and in G-9 
(1.76 ng/mL). However, there was no difference in pregnancy rate among the G-6 (76.9 %), G-9 (61.5 %) and G-12 
(91.6 %) groups. In conclusion, the longer duration of progestin influences the concentration of progesterone in the 
removal of the implant without affecting pregnancy rate. 
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The objective of this study was to evaluate the effect of intravaginal hCG administration on pregnancy rate in 
artificially inseminated Saanen goats after induction of synchronous estrus. A total of 73 goats (35 nuliparous and 39 
pluriparous) received intra-vaginal sponges (60 mg MAP; Progespon®, Syntex, Buenos Aires, Argentina) for 6 days 
plus 30µg d-cloprostenol (Prolise®; ARSA S.R.L., Buenos Aires, Argentina) latero-vulvar and 200 IU eCG 
(Novormon® 5000; Syntex, Buenos Aires, Argentina) i.m. 24 h before sponge removal. Goats were checked for 
estrus twice daily and only those in estrus 24 to 36 h after sponge removal were artificially inseminated in standing 
position (Embrapa Artificial Insemination Technique) from 18 to 24 hours after onset of estrus. The remaining goats 
in estrus were naturally mated. Following artificial insemination, goats were randomly assigned to receive 300 IU 
hCG (Vetecor® 5000; Hertape Calier, São Paulo, Brazil) (16 Nuliparous and 14 Pluriparous) or no further treatment 
(Control; 15 Nuliparous and 15 Pluriparous). 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. Qualitative variables were analyzed by Chi-square 
and the quantitative analysis of variance to check differences between treatments was performed with T-test (5%, 
SAEG®). Parameters evaluated were similar for both groups (P>0.05). Body condition score (1 to 5 scale) was 
similar (P>0.05) for hCG treated (3.2±0.3) and control animals (3.4±0.3). Pregnancy rate was checked 90 days after 
artificial insemination by transretal ultrasonography. The estrus response was 92% (67/73) and 60 goats were 
artificially inseminated at the interval established. Natural breeding resulted in 57% pregnancy rate (4/7). Pregnancy 
rate was similar for hCG treated (57%, 17/30) and control goats (43%, 12/30). These promising results support 
further more comprehensive studies with greater numbers of goats to explore the use of hCG intramuscularly. 
 
Financial support: EMBRAPA (02.08.02.005.00.04) and CNPq (310166/2012-8). 
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This study aimed to evaluate the effects of eCG, hCG, or both given at 4 days after TAI in the development of the 
corpus luteum (CL) of dairy buffaloes. Thus, 72 dairy buffaloes housed in Sete Barras, São Paulo state were used. 
At random days of the estrous cycle (D-12; 4:00 PM) all buffaloes received a new intravaginal progesterone (P4) 
releasing device (1 g of P4; Primer®, Tecnopec, São Paulo, Brazil) plus 2.0 mg of estradiol benzoate im 
(Gonadiol®, MSD Animal Health, São Paulo, Brazil). In D-3 (4:00 PM), females received 0.53 mg of PGF2α im 
(Cloprostenol sodium, Ciosin®, MSD Animal Health, São Paulo, Brazil) and 400 IU of eCG im (Novormon®, MSD 
Animal Health, São Paulo, Brazil), followed by removal of progesterone device. In D-2 (4:00 PM), 1.0 mg of 
estradiol benzoate (Gonadiol®, MSD Animal Health, São Paulo, Brazil) was administered im. The TAI was 
performed 40 hours after application of GnRH (D0; 8:00 AM). Four days after TAI (D4) all buffaloes that ovulated 
(n=60) after the protocol were randomly divided into four groups: buffaloes without treatment (Control, n=14); or 
treated with 400 IU of eCG i.m. (eCG, n=16; Novormon®, MSD Animal Health, São Paulo, Brazil); 1500 IU of 
hCG i.m. (hCG, n=14; Chorulon®, MSD Animal Health, São Paulo, Brazil); or 400 IU of eCG plus 1500 IU hCG 
(eCG+hCG; n=16). Ultrasound examinations (DP2200Vet Mindray, China) were performed to determine: dominant 
follicle diameter (øDF) in 3-D and D0; daily growth rate of the DF (GrowthDF; between D-3 and 0); and the 
diameter of the CL originated after TAI protocol in D4, D8, D12 and D16 (øCL), as well as the total growth of the 
CL (GrowthCL; between D4 and D16). The comparison between variables was performed through analysis of 
variance using Glimmix procedure of SAS®. The effects of treatment, day and interaction of these two effects on 
øCL were analyzed as repeated measures using the Mixed procedure of SAS®. Difference was considered when 
P<0.05. There was no difference among the respective control, eCG, hCG and eCG+hCG groups for: øDF D-3 - 
10.1 ± 0.2 mm; øDF D0 - 12.6 ± 0.3 mm; and GrowthDF - 1.4 ± 0.1 mm/day. However, treatment (P < 0.01), 
day (P < 0.01) and day*treatment (P < 0.01) effects were detected on the development of the CL respectively for 
Control, eCG, hCG and eCG+hCG: D4 - 14.7 ± 0.6a; 13.8 ± 0.5a; 15.2 ± 0.5a; 14.1 ± 0.4a mm; D8 - 16.8 ± 0.6b; 
17.1 ± 0.6b; 20.7 ± 0.7a; 19.1 ± 0.7ab mm; D12 - 17.4 ± 0.6b; 18.2 ± 0.5ab; 21.6 ± 0.9a; 21.1 ± 0.9ab mm; and 
D16 - 18.4 ± 0.6a; 19.6 ± 0.6a; 22.2 ± 0.9a; and 21.1 ± 0.9a mm. Also detected a difference (P=0.03) for GrowthCL: 
Control - 4.6 ± 0.6c; eCG - 5.5 ± 0.6bc; hCG - 7.0 ± 0.7ab; eCG+hCG - 6.9 ± 0.8a mm. It was concluded that 
administration of hCG 4 days after TAI in dairy buffaloes increases the diameter of the CL that was originated in the 
protocol of synchronized ovulation. In contrast, eCG treatment given at day 4 after TAI did not affect the 
development of the CL. 
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The study aimed to evaluate the follicular and luteal development in buffaloes submitted to a TAI protocol 
according to the presence or absence of a functional corpus luteum during the maintenance of Progesterone 
intravaginal device (P4). For this, 26 multiparous Murrah buffaloes in milk, bred in a farm located in Registro, State 
of São Paulo were used. Before the TAI protocol, all buffaloes were subjected to a pre-synchronization protocol, 
which consisted two doses of 0.53 mg of PGF2α im (Cloprostenol, Sincrocio®, Ourofino Agribusiness), on days -24 
and -12, in order to produce a corpus luteum (CL) functional at the time of initiation of the TAI protocol (D0). On 
D0 (4:00h PM), the buffaloes received a new P4 intravaginal device (1g progesterone; Sincrogest®, Ourofino 
Agrobusiness) plus 2.0 mg of estradiol benzoate im (Sincrodiol®, Ourofino Agrobusiness). At this time (D0), the 26 
buffaloes were randomly assigned to two treatments: 12 animals received one dose of PGF2α (PGF group) to keep 
the intravaginal device as their only source of P4; while the other 14 females remained without the PGF2α 
administration (Control group), which maintained a CL during treatment in addition to P4 intravaginal device. On 
D9 (04:00h PM), females received 0.53 mg of PGF2α im (Cloprostenol, Sincrocio®, Ourofino Agrobusiness), 
followed by removal of the progesterone device. On D10 (04:00h PM) 1.0 mg of estradiol benzoate (Sincrodiol®, 
Ourofino Agrobusiness) was administered im. Ultrasound assessments (Chison D600Vet, China) were performed to 
determine: the presence of CL on D0, D3, D6 and D9; and diameter of the dominant follicle in D3, D6, D9 and D12 
(øDF); Ovulation rate (Ov. rate); The daily growth rate of the dominant follicle was calculated by the difference 
between the observed measures, and then dividing by the number of days apart (mm/day). The comparison between 
the response variables was performed through analysis of variance (ANOVA) using the procedure Glimmix of 
SAS®. Difference was considered when P < 0.05. We observed the presence of CL in 100% of animals at the 
beginning of the TAI protocol (D0), with CL regression all animals in the PGF2α group. The results observed for 
the Control and PGF2α groups were, respectively: øDF D3, 3.1±0.2 vs. 3.2±0.4 mm (P=0.83); øDF D6, 5.6±0.4 vs. 
6.5±0.8 mm (P=0.34); øDF D9, 6.9±0.5 vs. 9.3±0.8 (P=0.01); øDF D12, 8.3±0.9 vs. 10.6±1.0 (P=0.10); Ov. rate 
42.9% vs. 66.7% (P=0,24) daily growth rate between D3 and D9 DF - 0.6±0.1 vs. 1.1±0.1 mm/day (P < 0.01); and 
daily growth rate of the DF between D9 and D12 - 0.7±0.3 vs. 0.9±0.3 mm/day (P=0.65). It was concluded that the 
presence of CL during the treatment with P4 intravaginal device reduce the development of the dominant follicle. 
However, after removing the progesterone intravaginal device no difference was observed between the groups for 
daily growth rate, diameter of the dominant follicle at the end of the treatment and ovulation rate. 
 
Acknowledgments: Ourofino Agrobusiness. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE), August 14 to 17th, 
2014, Natal, RN, Brazil. Abstracts. 

 

Anim. Reprod., v.11, n.3, p.371, Jul./Sept. 2014 371 

A091  FTAI, FTET and AI 
 

Effect of different chorionic gonadotropins on final growth rate of dominant follicle in 
Nelore cows 

 
J.N. Drum

 

1, A.B. Prata1, L.F. Melo1, J.R.S. Gonçalves2, R. Sartori1 
 

1ESALQ/USP, 2FEALQ. 
 
 
Keywords: bovine, eCG, hCG. 
 
Studies using beef cows showed that equine chorionic gonadotropin (eCG) at a dose of 400 IU at the time of 
intravaginal P4 device withdrawal was able to stimulate final follicular growth and increase size and steroidogenic 
capacity of the CL (Baruselli et al., Anim. Reprod. Sci., v.82-83, p.479-86, 2004; Sá Filho et al., Acta. Sci. Vet., 
v.32, p.235, 2004). Other studies have demonstrated that human chorionic gonadotropin (hCG) has an LH-like 
action (Bertan et al., Bras. J. Vet. Res. An. Sci, v.43, p.379-86, 2006). However, there are no reports of the use of 
hCG as a stimulator of the final growth of the dominant follicle at FTAI protocols. The aim of this study was to 
evaluate the effect of hCG or eCG on the final growth of dominant follicle in Nelore cows submitted to FTAI. 
Ninety seven lactating cows with body condition score (BCS) of 2.9 (range 1-5) were used. At a random day of the 
estrous cycle (D0) cows received 2 mg estradiol benzoate (Sincrodiol®, Ourofino, Brazil) and a reused intravaginal 
progesterone device (CIDR®, Zoetis, Brazil). At D8, when the device was removed, cows received 0.5 mg 
cloprostenol (Estron®, Tecnopec, Brazil) and 1 mg estradiol cypionate (ECP®, Zoetis, Brazil). Subsequently, the 
cows were divided into the following treatments: Control (n=19), eCG 300IU IM (n=19), hCG 300IU IM (n=19), 
hCG 200IU IM (n=19) and hCG 200IU SC (n=21). At the same day and 2 days later, cows were subjected to 
ovarian ultrasonography to evaluate the diameter of the biggest follicle and to calculate follicular growth rate (D8 to 
D10). Statistical analysis was performed using PROC GLM of SAS® (9.2) and data are presented as least squares 
means ± SE. The diameter of the dominant follicle on D8 only differed between hCG 200IU SC and hCG 200IU IM 
(11.6±0.7 vs 9.1±0.7 mm, P=0.03). This difference was also present at D10 (14.2±0.7 vs. 11.5±0.7 mm, P=0.03). In 
other treatments, the diameter of the dominant follicle at D10 was for Control: 12.9±0.6; eCG 300IU IM: 13.2±0.7 
and hCG 300IU IM: 12.3±0.6 mm. There was no difference in follicle growth rate from D8 to D10 among groups 
(Control: 1.3±0.2; eCG 300IU IM: 1.7±0.2; hCG 300IU IM: 1.7±0.2; hCG 200IU IM: 1.2±0.2, and hCG 200IU SC: 
1.3±0.1 mm/d, P>0.05). At the day of AI, the absence of the ovulatory follicle that was present at D8 was considered 
premature ovulation. The hCG 300IU IM group had a higher incidence of premature ovulation than most other 
treatments (Control: 5.2%a [1/19]; eCG 300IU IM: 0.0%a [0/19]; hCG 300IU IM: 42.1%b [8/19]; hCG 200IU IM: 
10.5%a [2/19], and hCG 200IU SC: 14.2%ab [3/21]; a,bP≤0.05). This study identified the threshold dose and route of 
administration of hCG that apparently does not cause ovulation in Nelore cows. This finding will allow evaluating 
the potential use of hCG for stimulation of the final follicle growth, as alternative to eCG treatment. 
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Lactating Holstein cows with progesterone (P4) concentrations < 0,09 ng/mL at artificial insemination (AI) have 
higher pregnancy rates per AI (P/AI) when submitted to a timed artificial insemination protocol (TAI) based on E2 
and P4 (Pereira et al., Journal of Dairy Science. 96:2837–2846, 2013). The aim of this study was to evaluate if the 
type of prostaglandin (Dinoprost x Cloprostenol) affects P/AI in an E2/P4 based TAI protocol with two 
prostaglandins injections. Eight hundred and seventeen lactating Holstein cows producing 44.6±10.8 kg milk per 
day were randomly assigned to the following TAI protocol: d-11 2mg im EB (Gonadiol®, MSD Animal Health, SP, 
Brazil) injection + 100µg im GnRH (Cystorelin®, Merial, SP, Brazil) injection + intravaginal device of P4 (CIDR®, 
1.9g of P4, Zoetis, SP, Brazil), d-2 CIDR® removal + 1mg im ECP injection (ECP®, Zoetis, SP, Brazil), d0 TAI. At 
d-4 and d-2 animals were randomly assigned to receive 25mg im of Dinoprost (Lutalyse, Zoetis, SP, Brazil) or 
0.5mg im of Cloprostenol (Ciosin, MSD Animal Health, SP, Brazil). At d0 and d10 blood samples were taken from 
cows for P4 concentration measurements. Pregnancy per AI (P/AI) was determined by ultrasound at d32 and d60. 
The binomial data were analyzed using PROC GLIMMIX and continuous data using PROC MIXED of SAS. An 
effect was considered significant when P<0.05 and tendency when P<0.1. Progesterone concentrations at d0 
(Cloprostenol=0.14 ± 0.01 ng/mL; Dinoprost=0.14 ± 0.02 ng/mL) and d10 (Cloprostenol=2.90±0.07 ng/mL; 
Dinoprost=2.90±0.08 ng/mL) did not differ between treatments. P/AI tended (P=0.08) to be greater at d32 for 
Dinoprost treated cows (36.2% [409]) compared to Cloprostenol cows (31.6% [408]). Using only synchronized 
animals (P4<0.2 ng/mL at d0 and P4>1 ng/mL at d10), P/AI tended to be greater for Dinoprost treated compared to 
Cloprostenol treated cows (P=0.10; 43.8% [288] vs 38.1% [291]). Treatment effects were not detected for P/AI at 
d60 using all animals (Dinoprost 30.3% [406]; Cloprostenol 27.9% [405]) or only synchronized animals (Dinoprost 
35.7% [286]; Cloprostenol 33.7% [288]). In lactating Holstein cows submitted to a TAI protocol based on E2 and 
P4 with two prostaglandin injections at d-4 and d-2 of the protocol, the use of Dinoprost tended to increase the P/AI 
at d32 but not at d60. 
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The objective of this study was to determine the effect of high vs. low circulating concentrations of progesterone 
(P4) during early and late stages of ovulatory follicular wave development on ovulatory follicle size and double 
ovulation rate in lactating dairy cows. Lactating dairy cows were synchronized with prostaglandin F2α (PG; 25 mg 
of dinoprost tromethamine, i.m.) then gonadotropin releasing hormone (GnRH; 100 µg of gonadorelin; i.m.) 2 d 
apart to initiate a new cycle. Only cows that started a new cycle were used in this study. On d 7 of the estrous cycle, 
all cows received GnRH (200 µg; i.m.), were blocked by parity and AI service number and then randomly assigned 
to four groups. Only animals that ovulated to this 2nd GnRH injection were used in the study. The day of this GnRH 
injection was considered d0 of the ovulatory follicular wave and treatment. PG and/or CIDRs were utilized to induce 
high (H) or low (L) circulating concentrations of P4 during either 0 to 4 d (early) and/or 5 to 7 d (late) of the 
ovulatory wave in a 2 x 2 randomized design, H/H, L/L, L/H and H/L. All cows (n=471) received PG 7 d after 
initiation of treatment. One d later, CIDRs were removed and a second PG was administered to ensure complete CL 
regression. GnRH was administered to all cows 56 h after the first of these two PGs to induce ovulation. Ovaries 
were evaluated by transrectal ultrasonography at time of GnRH administration and 2d later to determine size and 
number of ovulatory follicles. Variables were analyzed using the GLIMMIX procedure of SAS. There was an effect 
of treatment on mean diameter of single ovulating follicles (P < 0.001) and percentage of cows with double 
ovulations (P < 0.001). Mean diameter of single ovulating follicles was smaller for HH (16.8 ± 0.2 mm) compared 
to HL, LH and LL treatments (18.2 ± 0.3; 17.8 ± 0.2; 19.6 ± 0.3 mm, respectively; P < 0.02). HL and LH had 
smaller single ovulating follicles compared to LL (P < 0.001). Single ovulating follicles tended to be smaller in LH 
compared to HL (P = 0.09). Percentage of cows with double ovulations was greater in LL (51%) compared to HH, 
HL and LH (13, 34, and 32 %, respectively; P < 0.01). Cows in HH had lower rates of double ovulation compared to 
HL and LH (P < 0.001). An interaction between parity and service number for double ovulation rate was significant 
(P < 0.02) and determined that primiparous first service cows had lower double ovulation rates compared to 
primiparous later service cows and multiparous first and later service cows (14 vs. 36, 35, and 40 %, respectively; 
P < 0.001). In summary, these data indicate that serum concentrations of P4 during specific stages of the follicular 
wave directly affect size and number of ovulating follicles. 
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The present study had the objective to evaluate the pregnancy rates of recipient cows transferred with in vitro 
produced embryos according to the corpus luteum quality and embryo development stage. Girolando (n = 15) and 
Nelore (n = 7) embryo donors were enrolled in a OPU process. Cyclic crossed embryo recipient heifers (n = 630), 
BCS ≥ 3 (1 – 5 scale) were synchronized with an intravaginal device of progesterone (Sincrogest®, Ourofino, 
Brazil) and 2 mg of estradiol benzoate i.m. (Sincrodiol®, Ourofino, Brazil) on D0. On D5, 400 µg of cloprostenol 
sodium (Sincrocio®, Ourofino, Brasil) and 400 IU of eCG (Folligon®, Intervet, Brazil) were i.m. administered. On 
D8, intravaginal devices were removed and on D9, 1 mg of estradiol benzoate was i.m. administered, with the 
transfer of the embryos occurring on D16 (Girolando and Nelore in similar conditions). Recipient corpus luteum 
(CL) quality was evaluated by rectal palpation at the time of embryo transfer, scoring the diameter as 1, 2 or 3 (1 – 
small; 3 – large). Embryos were classified as initial blastocyst (Bi), blastocyst (Bl), expanded blastocyst (Bx), 
hatching blastocyst (Bn) and hatched blastocyst (Be). Statistical analysis considered the nonparametric binomial test 
of two proportions, with 5% of significance in order to determine the occurrence of differences in pregnancy rates. 
To determine differences of pregnancy rates among different stages of embryonic development and among the 
different qualities of CL, the multiple comparison test for proportions was used, with 5% significance. Pregnancy 
rate at 30 days after ET was similar when using Nelore (59.63%, 161/270) or Girolando (51.94%, 187/360) embryos 
(P>0.05). In contrast, pregnancy rate at 60 days was greater for Nelore (57.04%, P<0.05) than for Girolando (48.06, 
173/360) embryos. Pregnancy loss at 60 days was 7.49% (14/187) with Girolando embryos and 4.35% (7/161) with 
Nelore. Pregnancy rate was not different across embryo developmental stage and were Bx (55.67%, 108/194) vs. Bi 
(51.92%, 27/52) vs. Bl (51.09%, 47/92) following transfer of Girolando embryos and Bl (64.29%, 45/70) vs. Bx 
(63.64%, 84/132) vs. Bi (55.17%, 32/58) for Nelore embryos. The pregnancy rate according the CL classification 
was not different (P>0.05) for CL1, CL2 and CL3, as follows: CL1 = 50.9% (82/161), CL2 = 52.4% (44/84) and 
CL3 = 53.0% (61/115) for Girolando embryos and CL1 = 60.0% (45/75), CL2 = 56.3% (49/87) and CL3 = 62.0 
(67/108) for Nelore embryos. In conclusion, pregancy results at 60 days were influenced by embryo donor breed. 
However, pregnancy was independent from embryo developmental stage and CL quality based on its classification 
by rectal palpation. 
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Bovine PAGs are placental proteins that are secreted by binucleated trophoblast cells starting around days 22-24 of 
gestation and have been used to diagnose pregnancy in cattle. Recently, circulating concentrations of bPAGs on day 
28 of gestation have been reported to be a placental marker for predicting embryonic mortality in beef cows (Pohler 
et al., J Anim Sci. 91:4158-67, 2013). More specifically, cows that establish and maintain a pregnancy until day 72 
of gestation resulted in higher circulating concentrations of bPAGs on day 28 compared to cows that had a viable 
embryo on day 28, but subsequently experienced embryonic mortality by day 72. The biological function of bPAGs 
and the factors affecting bPAG secretion are not known. Therefore, the objective of this study was to examine the 
effect of sire of the embryo on circulating concentrations of bPAGs during early pregnancy. In this experiment, 720 
Nelore beef cows were inseminated to one of 8 sires at FTAI. All cows were synchronized with the following 
protocol: 2.0 mg i.m. of estradiol benzoate and insertion of CIDR on D0, 12.5 mg i.m. of dinoprost tromethamine 
(Lutalyse®, Zoetis) on D7, on D9 the CIDR was removed and cows received 0.5 mg i.m. of ECP and 300 IU of 
eCG. The TAI was performed on D11, 48 h after CIDR withdrawal. Pregnancy diagnosis was conducted on day 28 
of gestation and a blood sample collected for bPAG analysis. Data were analyzed using GLIMMIX procedure from 
SAS. Although there was variation in sire conception rate to FTAI (44 to 64%), there was no linear relationship 
between sire pregnancy rate and circulating concentrations of bPAGs. However, there were significant differences in 
circulating concentrations of bPAGs among sires. There were 39 cows that established a pregnancy to FTAI and had 
a viable embryo on day 28 of gestation; but failed to maintain pregnancy to day 100 of gestation. These cows had 
lower bPAGs concentration (6.4 ± 0.9 ng/mL vs. 15.4 ± 0.5 ng/mL) compared to cows that pregnancy was 
mantained until day 72. Three sires, in this experiment, accounted for over 70% of the late embryonic mortality. 
After removing all cows that lost a pregnancy after day 28, the preceding three sires with the highest incidence of 
late embryonic mortality resulted in pregnancies that produced significantly (P < 0.05) lower (10.8 ± 0.4 ng/mL) 
maternal circulating concentrations of bPAGs on day 28 of gestation compared to the five remaining sires with low 
embryonic mortality (14.8 ± 0.3 ng/mL). In summary, decreased concentration of bPAGs on day 28 of gestation can 
be due to the sire used for FTAI. 
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The embryonic cell counting is a method to assess embryo quality, especially for those produced in vitro. The 
trophoblast cells are responsible for secretion of interferons , which signal the pregnancy, being their measurement 
of major importance. The choice of the staining for embryo evaluation depends on the cell type to be evaluated, and 
the availability of equipment for evaluation . Panoptic staining enable to quantify embryonic cells using simple 
equipment such as stereoscopic microscope, and glass slides can be read several days after staining. The objective of 
this study was to evaluate the methodology proposed by Costa et al (Arquivo Brasileiro de Medicina Veterinaria e 
Zootecnia, v.62, n.6, p.1507-1510, 2010), for in vitro produced bovine embryos. Oocytes from slaughterhouse were 
matured, fertilized and cultured according to the IVP methodology described by Vajta. (Theriogenology, v.45, 
p.683–689, 2006). After seven days of culture , the embryos were classified as expanded blastocyst (BX) were fixed 
in individual glass slides. Initially, the embryos were transferred and maintained for 5 minutes in a 1:1 solution of 
sodium citrate 0.88% diluted in distilled water at room temperature. After this time, embryos were transferred and 
maintained for 30 seconds in a fixing solution composed of methanol: acetic acid: distilled water (3:2:1) at 5°C. The 
embryo was then transferred to the slide with minimum amount of solution in order to fasten and adhere the embryo 
on it. Then the slide was stained with fast Panoptic kit (Instant Prov®) during 5 seconds in each staining. 
Subsequently, the slide was washed in distilled water and air dried. Finally, the counting of cells was conducted 
under 40 x stereoscopic microscope or conventional microscope. This technique allows counting the cells in a 
simple and rapid method when compared to other techniques using some stainings such as Hoechst 33342 and 
Giemsa, which require fluorescence, inverted or phase contrast microscopy. 
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The objective of this study was to compare the reproductive efficiency of high-producing dairy cows submitted to 
four protocols based on GnRH and/or estradiol for fixed time artificial insemination (FTAI). A total of 611 lactating 
Holstein cows was used, 239 primiparous and 372 multiparous, with BCS 3.1±0.02, 155.6±4.20 DIM and 
37.1±0.36 kg/d of milk (least squares means±SE). Cows were kept in free stall barns, fed a TMR diet and and had 
free access to water and mineral salt. In a completely randomized design with a 2x2 factorial arrangement, the cows 
were subjected to two treatments at the beginning of the FTAI protocol (GnRH; Fertagyl®, MSD or EB; 
Gonadiol®, MSD) and two treatments at the end of the protocol (EB; Gonadiol® or ECP MSD®; Zoetis), resulting 
in four treatments: GB (n=149), GC (n=170), BB (n=150) and BC (n=142). At the beginning of the protocol (D0) 
cows received 100 µg GnRH or 2 mg estradiol benzoate (EB) and an intravaginal P4 device (CIDR®, Zoetis), which 
remained for 8 d. Cows received two 500 µg injections of PGF2α (Sincrosin®, Vallée) on D7 and D8. At the time of 
intravaginal device removal (D8) cows received 1.0 mg estradiol cypionate (ECP) or at the next day (D9) they were 
treated with 1.0 mg EB. The FTAI was 48 or 24 h after administration of ECP or EB, respectively. Statistical 
analysis was performed using Proc GLIMMIX of SAS 9.3. There was no interaction between treatments on 
conception at 30 and 60 d (P>0.05), nor effect of EB or GnRH at the beginning of the protocol at 30 d (35.4% and 
38.0%, respectively; P=0.52). However, there was effect of treatment at the end of protocol (31.7% and 42.0% for 
EB and ECP, respectively; P<0.01). At 60 d after FTAI, there were no treatment effects at the beginning (31.9% and 
31.5% for EB and GnRH, respectively; P=0.93) nor at the end of the protocol (28.6% and 35.0% for EB and ECP, 
respectively; P=0.11). In relation to embryonic/fetal loss between 30 and 60 d of conception, there was no effect of 
treatments at the beginning (P=0.53) or at the end of the protocols (P=0.17). However, there was a tendency 
(P=0.06) of interaction between treatments at the beginning and at the end of the protocols (11.3%, 9.0%, 6.5% and 
24.7% for BB, BC, GB and GC, respectively). Regardless of treatments, parity affected conception at d 30 (43.1% 
and 30.7%; P<0.01), d 60 (40.7% and 23.9%; P<0.0001) and influenced embryonic/fetal loss (7.4% and 17.4% for 
primiparous and multiparous, respectively; P=0.03). We concluded that in high producing lactating Holstein cows, 
the use of ECP instead of EB at the end of the protocol provided greater conception at d 30 after FTAI, but not at d 
60 due to increased embryonic/fetal loss between d 30 and 60 in GC cows. Moreover, regardless of the type of 
treatment, primiparous cows had higher conception rates at d 30 and 60 and lower embryonic/fetal losses than 
multiparous cows. 
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In the present study 2 experiments were performed aiming to evaluate the reproductive efficiency of dairy cows 
undergoing resynchronization 13 d (Day 13) after TAI (Exp 1) and the effect of the resynchronization on the 
synchronization of the new follicular wave emergence and on the CL activity (Exp 2). The Exp 1 enrolled 183 
lactating cows (25.2±8.8 L milk/d) distributed into two groups: control (CON, n=93) and resynchronization (RES, 
n=90). On a random day of the estrous cycle, all animals were submitted to the same TAI protocol [2mg of estradiol 
benzoate (EB)+progesterone device (P4)-8d (device removal+1mg estradiol cypionate (EC)+0.150mg of 
cloprostenol (PGF2 α)-TAI 48 h later] . The females of the CON group were inseminated after detection of estrus 
between Days 18 and 25 after TAI. The cows of the RES group were resynchronized with the insertion of a P4 
device (Primer®, Agener-Tecnopec) and 1.5mg of EB (RIC-BE®, Agener-Tecnopec) on Day 13. On Day 21 the P4 
devices were removed. At the same time, the females from both experimental groups underwent a color Doppler 
ultrasonography in order to assess the vascularization of the CL. All animals of the RES group classified as non-
pregnant based on the CL vascularization (CL area <3cm2, peripheral vascularization ≤25% and central with 
reduced signals) or absence of CL received 1mg of EC (ECP®, Zoetis), 0.150 mg PGF2α (Estron®, Agener-
Tecnopec) and were inseminated 48 h later. The pregnancy diagnosis of the 1st TAI was performed on Day 30 in all 
females. Statistical analysis was performed using the GLIMMIX procedure of SAS®. The vascularized CL rate on 
Day 21 (P=0.003) and pregnancy rate (PR) on Day 30 after the 1st TAI (P=0.02) were lower in the RES group 
(40.0%, 36/90 and 14.9%, 13/87) compared to the CON group (62.4%, 58/93 and 32.6%, 28/86; respectively). 
However, there was no difference (P=0.98) in the PR after the 2nd AI between the CON (25.0%, 3/12) and RES 
group (22.6%, 12/53). In Exp 2, 17 lactating cows were submitted to the same treatments described in Exp 1 (CON, 
n=9 and RES, n=8). All cows were submitted to ultrasound exams every 24 h and evaluated by Doppler every 48 h 
from Day 13 to 21. Statistical analysis was performed using the MIXED procedure of SAS. An interaction (P=0.07) 
between treatment and time was observed for the vascularization rate of the CLs. Although a new follicular wave 
emergence was induced 3.2 ± 1.4 d after EB treatment (RES group) and similar vascularization rate of the CLs was 
observed on Day 13 (CON: 87.8 and RES: 84.4%) and Day 15 (CON: 90.6 and RES: 86.9%); the vascularization of 
the CLs from animals of the RES group was reduced from Day 17 onwards (Day 17: 71.9, Day 19: 51.9 and Day 21: 
40.6%) compared to the CON group (Day 17: 89.4, Day 19: 88.9 and Day 21: 76.1%). In conclusion, the 
resynchronization using 1.5 mg EB 13 d after the 1st TAI reduces the vascularization of the CL and consequently, 
the pregnancy rate to the 1st TAI in dairy cows. 
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It has been reported that sperm cells of different bulls may differ in their ability to fertilize oocytes and/or to develop 
until blastocyst stage. Likewise, different conception rates (CR) can be obtained according to the semen utilized, 
evidencing the "bull effect". However, few studies have utilized the same semen batches for in vitro embryo 
production (IVP) and Timed-AI (TAI). Hence, this study aimed to compare the reproductive performance of seminal 
batches used in these both reproductive programs. Frozen semen doses of nine Angus bulls and a heterospermic 
Angus bull semen were utilized. One batch of each bull was evaluated. To assess field fertility, the 10 batches were 
randomly assigned to insemination of 1024 multiparous Nelore cows, which were submitted to the same TAI 
protocol. The CR was assessed by ultrasonography 45 days after AI. To assess in vitro fertility, the same semen 
batches used in the field (TAI) were used for IVP. In order to perform the IVPs, only grade I oocytes obtained from 
slaughterhouse ovaries were matured and fertilized with Percoll-selected semen with a final concentration adjusted 
to 1 x 106 sperm/mL. Sixty oocytes were fertilized for each semen dose. The presumptive zygotes were cultured 
until day 7, when blastocyst rates were evaluated. Three replicates of IVP were performed for each semen batch. 
Statistical differences for CR at TAI between bulls were analyzed by logistic regression (GLIMMIX). The IVP data 
were analyzed by ANOVA and Tukey test. Significance level was 5 %. Overall CR at TAI was 48.1% (n = 1024) 
and IVP outcome was 36.6% (n = 30). Regarding to field fertility (TAI) results, semen from bull 2 (40.0%; n = 120) 
presented lower (P < 0.05) CR when compared to bulls 3 (53.6%; n = 84), 7 (54.2%; n = 83) and the heterospermic 
semen (58.4%; n = 101). Aditionally, the heterospermic semen also presented higher (P < 0.05) CR than bulls 6 
(40.9%; n = 93) and 8 (44.3%; n = 140). The bulls 1 (48.1%; n = 104), 4 (46.6%; n = 131), 5 (51.3%; n = 80) and 9 
(50.0%; n = 88) presented similar field fertility results (P > 0.05) compared to the bulls mentioned above. On the 
other hand, at IVP, bulls 1 (23.7 ± 0.06%) and 2 (23.9 ± 0.03%) demonstrated lower (P < 0.05) blastocyst rates 
compared to bulls 8 (42.2 ± 0.02%), 9 (44.3 ± 0.12%) and heterospermic semen (50.0 ± 0.05%). However, for bulls 
3 (31.2 ± 0.11%), 4 (35.6 ± 0.13%), 5 (35.0 ± 0.08%), 6 (39.4 ± 0.18%) and 7 (42.2 ± 0.14%) no differences (P > 0.05) 
were observed for in vitro fertility compared to the animals mentioned above. It was concluded that only the 
heterospermic semen presented higher reproductive performance for both in vivo and in vitro fertility outcomes. 
Additionally, it was observed that bulls which demonstrated better blastocyst rates at IVP not necessarily presented 
better CR at TAI. Therefore, our efforts remain focused on understanding the underlying physiology involved in the 
"bull effect" as well as in sperm characteristics most closely correlated with sire fertility. 
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The aim of the present study was to evaluate the accuracy of verifying pregnancy status on day 22 post-TAI by 
detection of luteolysis through color Doppler ultrasonography in Bos indicus beef cows. On a random day of the 
estrous cycle, 434 females were submitted to the same TAI protocol: 2mg of estradiol benzoate (EB) and the 
insertion of a progesterone device (P4). On day 8, the P4 device was removed and cows received 1mg of estradiol 
cypionate (EC) plus 0.530mg of cloprostenol sodium (PGF2α). The TAI was performed 48 h after PGF2α. Twenty 
two days later, the presence of the CL as well as CL size and blood flow in all females was evaluated by color 
Doppler ultrasonography (Doppler-US; Mindray, M5Vet). The females were classified as non-pregnant based on the 
detection of luteolysis characterized by the CL area < 2cm2, peripheral vascularization < 25%, reduced central 
vascularization, and by the absence of CL. Transrectal ultrasonography (US) diagnosis was performed on Day 30 
and considered the gold standard pregnancy diagnosis method in beef cows. The diagnosis methods were evaluated 
considering all the females (ALL; n=434) or only those cows with a CL (CL; n=320) on Day 22 and, therefore, the 
accuracy of pregnancy diagnosis (Doppler-US or US) was assessed within these two groups. The Doppler-US 22 
post-TAI resulted in similar sensitivity [positive / (positive + false negative)] when performed only in females with 
CL (99.4%) or in all females (99.4%); however, lower specificity [non-pregnant / (false positive + non-pregnant)] 
was observed when only cows with CL were considered (75.9% vs. 85.9%). Additionally, greater true positive 
values [positive / (positive + false positive)] were observed when only females with CL were evaluated [With CL: 
49.1% (157/320) vs. ALL: 36.2% (157/434)]; whereas, we also had greater true negatives [negative/ (negative + 
false negative); With CL = 49.1% (157/320) vs. ALL = 36.2% (157/434)] and false positives [false positive/ 
(positive + false positive); With CL: 9% (39/320) vs. ALL: 12.2% (39/434)]. Finally, similar false negative values 
were observed between females with CL [0.3% (1/320)] or females overall [0.2% (1/434)], as well as, equivalent 
accuracy of the diagnosis method (With CL: 87.5% vs. ALL: 90.8%). In conclusion, high detection of luteolysis by 
Doppler imaging on day 22 post-TAI can be feasible and used for earlier detection of non-pregnant cows in 
reproductive programs. 
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The use of fixed-time artificial insemination (FTAI) in swine aims to minimize errors and labor associated with 
estrus detection, to reduce the variation of estrus and ovulation interval (KNOX, Theriogenology, v.75, p.308-19, 
2011), possibly decreasing the number of doses of semen used per female in heat, consequently reducing production 
costs. However, there are evidences that ovarian stimulation with exogenous hormones can be detrimental to 
reproductive function in sows. As an example of that, concentration of progesterone (P4) is lower in the uterus of 
gilts stimulated with gonadotropins on day 12 of pregnancy (BLITEK, Dom. Anim. Endocrinol., vol.38, p.222-34, 
2010) may be due to low capacity of the corpus luteum (CL) to produce P4 in treated animals. Most of the FTAI 
protocols (with the interval 72-80 hours between the eCG and GnRH) has insufficient success to synchronize estrus 
in order to use frozen semen (HÜHN, Theriogenology, v.46, p.911-24, 1996). Therefore, reducing the interval to 56 hours 
is an alternative to stimulate lower amplitudes of ovulations (CANDINI, Braz. J. Vet. Res. Anim. Sci., v.41, p.124-
30, 2004). The aim of this study was to evaluate the effect of different FTAI protocols regarding the number of 
ovulations, volume of CL and P4 production. Thirty-eight sows were randomly assigned into groups: control, eCG 
(eCG im 600IU at weaning), GnRH56h (600IU eCG IM at weaning, 50 µg GnRH IM 56h after eCG) and GnRH80h 
(600IU eCG IM at weaning, 50 µg GnRH IM 80h after eCG). At day 7.5 after the beginning of heat or application 
of GnRH, animals were euthanised and blood and ovaries samples were collected. Serum progesterone levels were 
measured using radioimmunoassay. The number of ovulations were counted and two CLs from each ovary were 
collected and their volume were estimated (calculated by V = 4/3 π radius3). The obtained value were multiplied by 
the total number of CLs present in each female. Data were analyzed by One-way ANOVA and Tukey test. No 
significant differences were observed between experimental groups. The results are shown as mean ± SE. The 
number of ovulations were 23.9 ± 1.3 (control); 22.2 ± 1.1 (eCG); 25.8 ± 1.4 (GnRH56h) and 23.9 ± 1.0 (GnRH80h) 
(P = 0.25). The total volume of CL were 12.1 ± 1.7 cm3 (control); 12.0 ± 0.8 cm3 (eCG); 13.1 ± 1.6 cm3 (GnRH56h) and 
14.8 ± 1.7 cm3 (GnRH80h) (P = 0.52). The P4 concentrations were 25.1 ± 2.2 ng/mL (control); 26.9 ± 2.5 ng/mL (eCG); 
25.2 ± 2.8 ng/mL (GnRH56h) and 24.5 ± 2.8 ng/mL (GnRH80h) (P = 0.93). The P4 production per cm3 of Cl was 
2.3 ± 0.2 ng/mL (control); 2.3 ± 0.2 ng/mL (eCG); 2.1 ± 0.3 ng/mL (GnRH56h) and 1.9 ± 0.3 ng/mL 
(GnRH80h) (P = 0.63). These data show that hormonal stimulation has no effect on ovulation rate, volume of CL 
and P4 production. Moreover, the reduction in the interval between the application of eCG and GnRH from 80 
to 56 hours does not affect the number of ovulations neither the functionality of CL. 
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The objective was to evaluate if expression of estrus in dairy cattle altered fertility in timed AI (TAI) or timed ET 
(TET) protocols that used estradiol and progesterone (E2/P4) to synchronize ovulation. A retrospective analysis was 
performed of past studies in which lactating dairy cows received the following protocol: 2mg Estradiol Benzoate (d–
11 Estrogin/Farmavet/SP/Brazil) +intravaginal P4 device (1.9g CIDR®/Zoetis/SP/Brazil) 7d later 25mg of PGF (d-4 
Lutalyse/Zoetis/SP/Brazil) 2d later CIDR removal+1mg of ECP (d-2 ECP/Zoetis/SP/Brazil). Two days after CIDR 
removal, cows received TAI (d0; n=5,430) or on d7 TET (n=2,003). Binomial variables were analyzed using PROC 
GLIMMIX. Ovarian ultrasonographies (US) were performed on d0 and d7 to determine ovulatory follicle diameter. 
Only cows with a visible CL on d7 were used in this study. At the time of CIDR removal, all cows received tail-
chalk and cows with complete removal of tail chalk by d0 were considered to have expressed estrus. Circulating P4 
concentrations were evaluated on d7. Pregnancies per AI (P/AI) or ET (P/ET) were determined by US on d32 and 
d60. At d32 pregnancy diagnosis (PD), cows with expression of estrus had increased (P<0.01) P/AI (no 
estrus=25.5[846] vs. estrus=38.9[4,584]) and P/ET (no estrus=32.7[606] vs. estrus=46.2[1,397]). Similarly, at 60d 
PD, expression of estrus increased (P<0.01) P/AI (no estrus=20.1[846] vs. estrus=33.3[4,584]) and P/ET (no 
estrus=25.1[606] vs. estrus=37.5[1,397]). In addition, pregnancy loss was lower in cows that expressed estrus 
(P=0.01) on TAI (no estrus=20.1[222] vs. estrus=14.4[1,785]) or TET (no estrus=22.7[193] vs. estrus=18.6[645]). 
There was a positive effect of P4 concentrations at d7 on P/AI in cows that either expressed (P=0.01) or did not 
express (P=0.02) estrus. In contrast, there was no effect of P4 at d7 on P/ET (no estrus P=0.76; estrus P=0.52). 
Independent of expression of estrus (P<0.01), cows ovulating either too small (<11 mm) or too large (>17 mm) of 
follicles had lower P/AI. There was no effect of ovulatory follicle diameter on P/ET in cows that expressed estrus 
(P=0.34); although, cows that did not express estrus had lower P/ET if they ovulated larger follicles (P=0.05). In 
cows that showed estrus, follicle diameter did not affect pregnancy loss after TAI (P=0.43) or TET (P=0.34), but in 
cows that showed no estrus, cows that ovulated larger follicles had greater pregnancy loss after TAI (P=0.04) or 
TET (P=0.04). Expression of estrus during protocols for TAI or TET is associated with an increase in fertility. In 
TAI programs, optimizing follicle diameter, increasing circulating P4 on d7 after AI and expression of estrus were 
associated with increased fertility. However in cows with TET, the association of fertility with either ovulatory 
follicle diameter or P4 on d7 was less dramatic and seemed to be related to whether cows expressed estrus. 
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The aim of the study was to evaluate the profile of circulating progesterone (P4) induced by treatment with 
injectable P4 in cows. Two products were used: Afisterone® (1 g/100 mL, Hertape Calier, Brazil) and Progestar® 
(2.5 g/100 mL, Syntex, Argentina). Non-lactating and non-pregnant Holstein cows (n = 20) were remained for 7 d 
with an intravaginal P4 device (Sincrogest®, Ourofino, Brazil). After withdrawal (D-8), a norgestomet ear implant 
(Crestar®, MSD, Brazil) was inserted and maintained for 8 d. At D-8 and D-7, 0.526 mg of PGF2α (Sincrocio®, 
Ourofino, Brazil) was applied. At D0, cows were randomized to receive Afisterone (50 mg, n = 10) or Progestar (50 mg, 
n = 10). From the time of P4 injection, blood samples were taken at 0, 2, 6, 12, 24, 48, 72, 96, 120, 144, 168 and 192 
h to verify the profile of serum P4 by enzyme immunoassay (ELISA, Enzyme-Linked immunosorbent Assay, 
adapted Rasmussen et al., J. Dairy Sci, v.79, p.227-234, 1996). Statistical analysis was performed using Proc-Mixed 
of SAS (9.2; repeated measures), accepting significance at P < 0.05. Data are shown as least squares means ± SEM. 
There was no effect of treatment, but there was effect of time. At 2 h, Progestar treatment reached the highest 
concentration of P4 (1.21 ± 0.18 ng/mL), while for Afisterone, the peak occurred at 6 h (0.95 ± 0.16 ng/mL). The 
average circulating P4 concentration over all periods after treatments were 0.41 ± 0.04 and 0.44 ± 0.04 ng/mL for 
Afisterone and Progestar, respectively. At other periods, circulating P4, regardless of treatment, was: 12 h 
(0.70 ± 0.13 ng/mL), 24 h (0.43 ± 0.08 ng/mL), 48 h (0,30 ± 0.09 ng/mL), 72 h (0.20 ± 0.05 ng/mL), 96 h 
(0.20 ± 0.03 ng/mL), 120 h (0.20 ± 0.04 ng/mL), 144 h (0.18 ± 0.03 ng/mL), 168 h (0.19 ± 0.04 ng/mL) and 192 h 
(0.20 ± 0.08 ng/mL). Due to the low serum concentrations of P4 obtained by using 50 mg of injectable P4, 
independent of the commercial product used, it is suggested that this dose routinely recommended in protocols for 
synchronization of wave emergence is insufficient to aid regression (turnover) of follicles at the beginning of the 
protocols, in combination with estradiol esters. 
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Hormonal protocols used in FTAI programs involve considerable financial figures, in which progesterone (P4) 
devices represent 43% of the total cost. P4 releasing from vaginal implants happen by passive diffusion, i.e., the 
drug release is driven by a gradient concentration (Rothen-Weinhold et al. 2000, J. Dairy Sci., v.83, p.2771–2778). 
Given the importance of P4 in the protocols and the importance of this steroid in the treatment costs, studies 
described the reutilization of P4 vaginal implants as an alternative to make this technology more viable (Almeida et. 
al. 2006, Braz. J. Vet. Res. Anim. Sci., v.43, p.456-465). However, the results of reutilization are controversial. 
Reducing the amount of active substance in the implants in so called Single Use Devices is an alternative to reduce 
costs and prevent reutilization, which in addition to technical problems can represent a biosecurity risk for the herd. 
The objective was to verify the efficacy of a single use implant with 0.55g of P4, measuring serum P4 
concentrations by radioimmunoassay in bovine females with absence of this natural hormone. We used 14 crossbred 
females, 7 heifers with body weight from 320 to 365kg and 7 cows weighing between 455 and 612kg. To avoid the 
effects of endogenous P4 results, females underwent a protocol using norgestomet (Crestar™, MSD), which 
prevents further ovulation and does not interfere with P4 measurement. Blood samples were initially collected 
immediately before insertion of the device. The second sample was taken at 12 hours followed by seven other daily 
samples, in an interval of 24 hours. Twelve hours after removal of the device, another sample was collected, totaling 
10 samples per animal. The hormone assays were performed with radioimmunoassay (Imunotech™). The 
concentrations of P4 on different days were compared using the Tukey test at 5% probability. All animals were with 
baseline levels of P4 before inserting the device. The plasma P4 concentration increased rapidly after implant 
placement, being significantly (P<0.05) greater at 12 hours after device insertion. Mean progesterone concentrations 
remained above 1.7 ng/mL throughout the device insertion period, level which suppresses ovulation and 
manifestation of estrus. Mean P4 concentrations were: 0.35 ± 0.13d; 2.99 ± 1.51ab; 3.27 ± 1.32a; 3.48 ± 1.09a; 
2.49 ± 0.99abc; 2.42 ± 0.95abc; 2.04 ± 0.75bc; 1.73 ± 0.61c; 1.97 ± 0.69bc and 0.56 ± 0.24d (sequentially for 10 periods 
of blood sampling). The profile during the 8 days shows a rapid increase after insertion (D0 to D1) and fast decline 
after removal of the device. It appears to produce an ideal P4 profile, since the purpose of P4 devices for TAI 
programs is standardize follicular development and block ovulation. It was concluded that the studied device is 
effective in maintaining circulating levels of P4 over a period of use of up to 8 days. 
 
Suport: Agener União, Biotran and Fapemig. 
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This study aimed to evaluate the effect of body condition score (BCS) on the diameter of the dominant follicle, 
estrous behaviour, ovulation rate and fertility of Bos indicus cows submitted to fixed-time artificial insemination 
(TAI). Data were collected from different farms in Mato Grosso, São Paulo and Minas Gerais states in Brazil. To 
evaluate the BCS, a 5-point scales was used and the procedure performed by a single technician. The TAI protocol 
used in this study consisted of administration on day 0 (D0) of an intravaginal device containing 1 g of P4 
(Sincrogest®, Ouro Fino Agronegócio, São Paulo, Brazil) and 2 mg of estradiol benzoate (Sincrodiol®, Ouro Fino). 
On day 8 (D8), the P4-device was removed and the animals were treated with 1 mg of estradiol cypionate (ECP®, 
Pfizer, Brazil) and 500 μg of PGF2α (sodium cloprostenol; Sincrocio®, Ouro Fino). The insemination was 
performed 48 hours after the P4-device removal (D10). Ultrasonographic examinations were performed (Chison 600 
VET, 5 MHz linear transducer, China) at every 12 h from P4-device removal to ovulation to evaluate timing 
ovulation (n=168), on D8 and D10 ultrasound exams were used to calculate follicle growth (n=989) and pregnancy 
diagnosis occurred on D40 (n=878). Also on D8, a subgroup of animals (n=414) had their tail-head marked with 
chalk paint to evaluate estrus following the synchronization protocol. Estrus was assumed to have occurred in cows 
without a tail-head chalk mark at TAI. Statistical analysis was performed using the GLIMMIX procedure of SAS. 
The pregnancy rate was analyzed by logistic regression for binomially distributed data. The evaluation of the 
follicular diameter at the time of P4 removal, the maximum diameter of the dominant follicle (P = 0.002) and the 
ovulation rate (P = 0.04) were less in cows with BCS ≤ 2.5 [7.4 ± 0.4; 9.7 ± 0.8 and 57.1 % (40/70)] than in cows 
with BCS ≥ 3.0 [9.4 ± 0.3; 12.7 ± 0.5 and 72.4 % (71/98)]. In addition, the diameters of the dominant follicle on D8 
(P = 0.0001) and D10 (P = 0.0006) were less in cows with BCS ≤ 2.5 (9.7 ± 0.2 and 11.3 ± 0.3) than in cows with 
BCS ≥ 3.0 (10.7 ± 0.1 and 12.3 ± 0.2). Furthermore, cows with BCS ≤ 2.5 had lower estrus expression (47.6 %; 
50/105 vs. 62.1 %; 192/309; P = 0.01) as well as conception (27.1 %; 76/280 vs. 39.4%; 236/598; P = 0.0005) than 
cows with BCS ≥ 3.0. In conclusion, cows with BCS ≤ 2.5 had lower estrus expression and poorer fertility following 
the FTAI protocol likely due to lower follicle growth and ovulation rates. 
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The effect of oxytocin administration was evaluated in buffaloes submitted to ovulation synchronization and fixed-
time artificial insemination (TAI) during the non-breeding season. It was hypothesized that oxytocin administration 
at the time of TAI increases pregnancy rate. At a random day of the estrous cycle (D0), 249 buffaloes received an 
intravaginal progesterone device (750mg P4; Prociclar®, Hertape Calier Saúde Animal S.A., Brazil) and 2mg im of 
estradiol benzoate (EB, Benzoato HC®, Hertape Calier Saúde Animal S.A., Brazil). All animals were subjected to 
ultrasonographic evaluations (Mindray DP2200Vet, China) performed on D0 to verify ovarian activity and D9 to 
measure the follicular diameter (Ø). At this time, females that lost the P4 device were removed from the experiment 
(n = 24). The other buffaloes received 150μg im of D+cloprostenol (Veteglan® Luteolítico, Hertape Calier Saúde 
Animal S.A., Brazil) and 30IU of FSH/LH (Pluset®, Hertape Calier Saúde Animal S.A., Brazil), followed by P4 
device removal. On D10, buffaloes received 1mg im of EB (Benzoato HC®, Hertape Calier Saúde Animal S.A., 
Brazil). On D11, all animals were again subjected to ultrasonographic evaluations and those with follicles < 9.5mm 
were removed from the experiment (n = 33). The other buffaloes were distributed according to age, number of 
calvings, body condition score, ovarian activity and the largest follicle diameter in one of two groups (Control 
Group - GCon, n=96 and Oxytocin Group - GOci, n=96) and a new ultrasonographic evaluation was performed 64h 
after the P4 device removal (D12). All buffaloes were submitted to TAI on D11. Simultaneously to AI, animals in 
GOci received 50IU of Oxytocin (Ocitocina HC®, Hertape Calier Saúde Animal S.A., Brazil). In a subgroup of 
animals (GCon, n=13 and GOci, n=14), we evaluated the ovaries by ultrasound every 12h from D11 to D14 to 
determine the time of ovulation and the diameter of the ovulatory follicle. In addition, it was assessed by 
ultrasonography the diameter of the CL on D19 and the pregnancy in D42. Statistical analysis was performed by the 
GLIMMIX procedure of SAS®. There was no difference between experimental groups (GCon vs. GOci) for any 
variables (P > 0.05), as follows: follicle Ø at the time of TAI (12.9 ± 0.2 vs.12.8 ± 0.2 mm); ovulatory follicle Ø 
(13.0 ± 0.6 vs.12.8 ± 0.4 mm); time of ovulation (67.3 ± 1.0 vs. 69.6 ± 1.5 h); ovulation rate [69.2% (9/13) vs. 
71.4% (10/14)]; CL Ø (16.7 ± 0.3 vs. 16.5 ± 0.3 mm) and pregnancy rate [42.7% (41/96) vs. 36.5% (35/96)]. In 
conclusion, oxytocin administration at the time of TAI failed to increase pregnancy rate in buffaloes submitted to 
ovulation synchronization during the non breeding season. 
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This study’s aim was to verify if the site of sexed semen deposition influences the quantity and quality of embryos 
from superovulated Nelore cows. Twelve cycling females were used and went through a superovulation protocol 
(SOV), FTAI and embryo collection. The females received an intravaginal progesterone-releasing insert (1.9g P4, 
CIDR®, New York, USA) and 2 mg (I.M.) of estradiol benzoate (Estrogin®, São Paulo, Brazil) at a random day of 
the estrous cycle, day 0 (07h). Superstimulation was induced with 133 mg of FSH-p (Folltropin-V®, Ontario, 
Canada) in 8 decreasing doses at every 12h, I.M., beginning at D4. At D6, two 25 mg treatments of PGF2α were 
administered (07 and 19h, I.M., Lutalyse®, New York, USA). The progesterone devices were removed 36h after the 
first PGF2α, and a treatment of 0.25 mg of gonadorelin (I.M., Fertagyl®, Millsboro, USA) was given 48h after the 
first PGF2α. FTAI was performed at 18 and 30h after the gonadorelin treatment, with two straws, each containing 
2.1x106 sperm cells, and the embryo collection was done 7 days after the gonadorelin treatment. Two replicates 
were performed, in a crossover design, according to semen deposition site, body or uterine horns, reaching a total of 
two collections per treatment. Images of the ovaries were taken and transferred to a computer, for measurement and 
analysis of the follicles, using the IMAGEJ® software (National Institute of Mental Health, Bethesda, USA). For 
statistical analysis, the PROC MIXED OF SAS® 9.0 (Statistical Analysis System, Cary, EUA) was used. There 
were no effect of treatement in any response variables analysed. At the beginning of the superstimulatory treatment, 
5.2 ± 2.4 and 5.5 ± 1.9 follicles were identified, with mean diameter of 5.4 ± 1.7 and 5.1 ± 1.9mm, for the groups 
inseminated in the uterine body and horns, respectively. At the end of the treatment, 12.0 ± 3.0 and 12.3 ± 4.4 
follicles were identified, with mean diameter of 8.6 ± 2.5 and 8.7 ± 2.4mm, for the groups inseminated in the uterine 
body and horns, respectively. It was noticed that 66.7% (8/12) of the animals had CL at the day of FTAI, been four 
animals in each group, and ultrasonography indicated possible failure to respond to the PGF2α. The group 
inseminated in the uterine body had embryo recovery rate of 41.1% (23/56) and the group inseminated in the uterine 
horns had 35.7% (15/42). It was observed a decrease in the embryo recovery rate across repetitions, where the first 
repetition achieved 44.3% (27/61) while the second showed embryo recovery rate of 29.7% (11/37). Yield was 
52.2% (12/23) of morulas code 1 and 2 and early blastocyst (viable embryos) for the group inseminated in the 
uterine body and 60.0% (9/15) for the group inseminated in the uterine horns. In conclusion, based on the mean and 
standard deviations obtained, semen deposition site in the uterus following timed AI of superovulated cows did not 
affect quantity or quality of embryos recovered. 
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The objective of this study was to evaluate the efficiency of a Prostaglandin F2α analogue (PGF) as ovulatory 
stimulus in dairy cows and buffaloes. In Experiment 1, 16 lactating dairy buffaloes received 2 mg estradiol benzoate 
(EB; Bioestrogen, Biogenesis-Bagó, Curitiba, Brazil), im, on Day 0. A progesterone-releasing device (CIDR, Pfizer 
Animal Health, São Paulo, Brazil) was intravaginally placed from Day 0 to Day 9. On Days 8 and 9 cows were 
given 500 μg of d-Cloprostenol (PGF analogue, Croniben, Biogenesis-Bagó, Curitiba, Brazil), im. On Day 10, 
buffaloes were assigned into two groups to receive 500 μg of PGF (PG group, n = 8) or no treatment (CTL group, n 
= 8). There were no differences in ovulation rate (75.0 % vs 62.5 %; P = 0.59) and time of ovulation (96.0 ± 7.9 vs 
91.2 ± 8.6 h; P = 0.69) between CTL and PG groups, respectively. In Experiment 2, 16 lactating dairy cows 
(Girolando crossbred) received 2 mg EB on Day 0. A CIDR was intravaginally placed from Day 0 to Day 8. On 
Days 7 and 8, cows were given 500 μg of d-Cloprostenol. On Day 9, the cows were allocated into two groups to receive 
500 μg of d-Cloprostenol (PG group, n = 8) or no treatment (CTL group, n = 8). Only one cow, in the PG Group, did not 
ovulate. There were no differences in the diameter of the ovulatory follicle (14.1 ± 0.5 vs 13.9 ± 0.58 mm; P = 0.79) 
and the time of ovulation (84.0 ± 5.7 and 80.6 ± 6.1 h; P = 0.69) between CTL and PG groups, respectively. In 
Experiment 3, 16 lactating cows (Girolando crossbred) were handled similarly to the Experiment 2, however, all 
cows were given d-Cloprostenol only on Day 7. On Day 9, cows were assigned into two groups similarly as in the 
Experiment 2. All cows ovulated and there was no difference in the diameter of the ovulatory follicle (14.9 ± 0.5 vs. 
16.0 ± 0.9 mm), between CTL and PG groups, respectively (P = 0.34). Cows treated with PGF ovulated earlier than 
CTL group (62.5 ± 5.8 vs 94.5 ± 13.5 h; P = 0.04). These results suggested that PGF hasten ovulation in lactating 
dairy cows, however, in lactating buffaloes, treatment with PGF after progesterone device removal did not 
antecipate ovulation.  
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Objectives were to evaluate the effects of supplemental progesterone after artificial insemination (AI) on expression 
of interferon-stimulated genes (ISG) in blood leukocytes and fertility in lactating dairy cows. Weekly cohorts of 
Holstein cows (n = 1498) were blocked by parity (575 primiparous and 923 multiparous) and method of 
insemination as timed AI or AI on estrus and allocated randomly within each block to untreated controls, a 
controlled-internal drug release (CIDR) containing 1.38 g of progesterone from d 4 to 18 after AI (CIDR4), or a 
CIDR on d 4 and another on d 7 after AI and both removed on d 18 (CIDR4+7). Blood was sampled to quantify 
progesterone concentrations in plasma and mRNA expression in leukocytes for the ubiquitin-like IFN-stimulated gene 
15-kDa protein (ISG15) and receptor transporter protein-4 (RTP4) genes. Pregnancy was diagnosed on d 34 and 62 
after AI. Statistical analyses were performed with Glimmix procedure of SAS. Treatment increased progesterone 
concentrations in a dose-dependent manner (control = 3.42c, CIDR4 = 4.97b, and CIDR4+7 = 5.46a ng/mL; P = 0.05). 
Cows supplemented with progesterone tended (P = 0.09) to have increased luteolysis by d 19 after AI (Control = 17.2y 
vs. CIDR4 = 29.1x vs. CIDR4+7 = 30.2x %), which resulted in a shorter AI interval for those reinseminated after 
study d 18. Pregnancy upregulated expression of ISG in leukocytes on d 19 of gestation, but supplementing 
progesterone did not increase mRNA abundance for ISG15 and RTP4 on d 16 after insemination, and on d 19 tended 
(P = 0.10) to reduce mRNA expression of ISG15 and reduced (P = 0.01) mRNA expression of IRTP4. This negative 
effect of supplemental progesterone was observed only in the nonpregnant cows. No overall effect of treatment was 
observed on P/AI on d 62 after insemination and averaged 28.6, 32.7, and 29.5% for control, CIDR4 and CIDR4+7, 
respectively. Interestingly, an interaction between level of supplemental progesterone and method of AI was 
observed for P/AI. For cows receiving exogenous progesterone, the lower supplementation with CIDR4 increased 
P/AI on d 62 in cows inseminated following timed AI (Control = 31.3b vs. CIDR4 = 39.2a vs. CIDR4+7 = 27.5b %; 
P < 0.05) but, in those inseminated following detection of estrus, there was no difference among treatments (Control 
= 26.0 vs. CIDR4 = 26.9 vs. CIDR4+7 = 31.5%). Pregnancy loss did not differ among treatments. However, when 
type of AI was analyzed, cows inseminated in estrus tended (P = 0.10) to have higher pregnancy loss (10.0 vs. 
5.7%). Supplemental progesterone post-AI using a single intravaginal insert on d 4 was beneficial to pregnancy in 
dairy cows inseminated following timed AI. 
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The present study aimed to evaluate the association between antral follicle count (antral follicle population, AFP) on 
estrus and pregnancy rates of Nelore cows. This study was performed in a commercial beef herd (Corrego do Meio), 
located at Alvorada-TO. A total of 291 cows were submitted to the same protocol to synchronize ovulation allowing 
for fixed-time artificial insemination (FTAI), starting on a random stage of the estrus cycle (Day 0). On Day 0, all 
females received an intravaginal progesterone (P4) device (DIB®, MSD Animal Health) and 2.0 mg intramuscular 
(IM) of estradiol benzoate (EB; Gonadiol®, MSD Animal Health). On Day 8, the P4 devices were removed 
simultaneously to 1.0 mg IM of estradiol cypionate (EC; E.C.P.®, Zoetis Animal Health), 0.530 mg IM of 
cloprostenol sodium (Ciosin®, MSD Animal Health) and 300 IU IM of equine chorionic gonadotropin (eCG; 
Folligon®, MSD Animal Health). All cows were fixed time artificially inseminated 48h after the P4 device removal 
(Day 10). Ultrasonography examinations (Mindray M5vet) were performed on Days 4, 8 and 10 of the FTAI 
protocol in order to count detectable follicles (>2.0 mm; AFP) and to measure the largest follicle at the P4 device 
removal (FOLD8) and immediately before the artificial insemination (FOLD10), respectively. To evaluate the 
occurrence of estrus, a tail-head chalk marker was used at the time of the P4 device removal, estrus occurrence was 
considered in females that had the chalk removed on Day 10 (FTAI). The pregnancy diagnosis was performed by 
transrectal ultrasonography exam 40 d after FTAI. Records were analyzed with the GLIMMIX procedure of SAS 
9.3.®. Females were classified into three categories according to the AFP: 1. Low (28.8 ± 0.8), n=97; 2. Average 
(50.3 ± 0.7), n=97; and 3. High (74.7 ± 0.6), n=97. It was found that females with high AFP presented lower 
(P=0.002) diameter of FOLD8 (9.8 ± 0.3) compared to cows with average (11.0 ± 0.2) and low APF (10.7 ± 0.3). 
Additionally, reduced diameter of FOLD10 (P = 0.03) and estrus rates (P = 0.02) were observed among females 
with high AFP (11.7 ± 0.3 and 54.7%, 47/86) compared to females with average AFP (12.9 ± 0.3 and 76.6%, 59/77), 
with low AFP-cows having intermidiate results (12.1 ± 0.3 and 73.7, 61/83). However, similar pregnancy rates 
(P=0.44) were observed among the different APF categories (high: 45.4%, 44/97; average: 51.6%, 50/97; and low: 
52.6%, 51/97). In conclusion, although cows with average AFP had follicles with greater diamenter on Days 8 and 
10 and greater estrus rates compared to females with high AFP, AFP was not associated with pregnancy results of 
Nellore cows following timed artificial insemination. 
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The sheep industry has some obstacles to genetic expansion due to difficulty in performing the artificial 
insemination (AI) due to anatomical and physiological limitations mainly involving the cervix. Therefore, this study 
aimed to evaluate the histology of the cervix in Santa Inês sheep at the luteal and follicular phases. In this 
experiment, twenty cervices of Santa Inês sheep (ten in the follicular phase and ten in the luteal phase) from abattoir 
were used. The luteal phase was defined when the sheep had at least one corpus luteum in the ovary and the 
follicular phase with the absence of corpus luteum and presence of dominant follicles. The reproductive tracts were 
kept on ice during transportation from the abattoir to the animal reproduction laboratory. At the laboratory, the 
cervices were divided into three portions (proximal, middle and distal), fixed in 10% buffered formalin solution and 
stained with hematoxylin-eosin, obtaining photomicrographs for some histological features analysis. Statistical 
analysis was performed using the GLIMMIX procedure of SAS, comparing the frequency of observation of some 
histological features in different phases. It was found that the thin epithelium in the distal areas of the cervix had the 
highest frequency in the luteal phase (P = 0.001) and the thick epithelium was more frequent in the follicular phase. 
There was no statistical difference between phases of the estrous cycle in all others parameters. However, the 
proximal portion of the cervix during follicular phase was characterized by the presence of small intestine 
epithelium undeveloped and cubic aspect with goblet cells, a few glands in the lamina propria, small, thin and 
unbranched folds, and luteal phase protruding fine folds and branched, numerous goblet cells, lamina propria glands 
producing mucus and areas with stratified squamous epithelium at the end of the fold. In the middle portion of the 
follicular phase was observed pseudostratified ciliated epithelium, lamina propria containing thin vessels and 
agglomerated glands secreting mucus, branched and thin folds of epithelium. In the luteal phase there were large 
folds, glands that extend into the mucosa, thick epithelium, numerous goblet cells and thickening muscle layer. It is 
concluded that there are small differences between the microscopic features of the cervix in luteal and follicular 
phases of Santa Inês sheep. 
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The aim of this study was to evaluate different parameters of corporal and reproductive development at the sexual 
precocity in Nelore heifers. Between October and December 2013, 740 Nelore heifers aged 13.0±0.85 months were 
enrolled from three commercial farms located in the cities of Camapua, Tres Lagoas and Agua Clara – MS. The 
following parameters were evaluated: age, weight, body score condition (BCS, 1 to 5 scale), subcutaneous fat 
thickness of rump (SFTR), height/depth of rib (PROF). Subcutaneous fat thickness was measured by ultrasound 
examination (Aloka SSD500, Aloka, Japan) on the gluteal muscle biceps. The cyclicity was evaluated by two 
ultrasound exams within 10 days, using a device with a 7.5-MHz transducer (Aloka SSD-500, Aloka, Japan). 
Heifers with luteal tissue in one of the examinations were considered cyclic. The body condition score was assessed 
during the ultrasound examination. Cutoff values for the variables previously described were determined through the 
ROC curve (Receiver Operating Characteristic). The variables were analyzed using the GLIMMIX procedure of 
SAS 9.3. Heifers were classified into categories: ≤ 13.0 months (≤ 13m) and > 13 months of age (> 13m); ≤ 248 kg 
of body weight (LIGHT) and > 248 kg of body weight (HEAVY); low BCS (LBCS; ≤ 3.0) and high BCS  
(HBCS; > 3.0); low SFTR (LSFTR; ≤ 2.47 mm) and high SFTR ( HSFTR; > 2.47 mm), low (LPROF; < 44%) and 
high depth of rib (HPROF; > 44%). There was relationship only between cyclic heifers and BCS [LBCS = 9.59% 
(45/469) vs. HBCS = 16.97% (46/271); P < 0.04] and farms [P = 0.0075]. However, there was no relationship 
between cyclicity and the other evaluated variables, such as age [< 13m = 10.0% (30/300) vs. > 13m = 13.86% 
(61/440); P = 0.35], body weight [LIGHT = 9.64% (30/311) vs. HEAVY = 14.21% (61/429); P = 0.69], SFTR 
[LSFTR = 8.60% (27/314) vs. HSFTR = 15.09% (62/411); P = 0.45] and PROF [LPROF = 8.93% (31/347) vs. 
HPROF = 15.27% (60/393); P = 0.49]. Therefore, it was possible to conclude that the body condition score was 
positively correlated with cyclicity in Nelore heifers aging 13 months. 
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It is well known that progesterone (P4) concentrations are able to modulate LH pulsatility, follicle growth, and 
ovulatory response in cattle. Thus, differences in plasma concentrations of P4 during an ovulation synchronization 
protocol could influence the likelihood of pregnancy after fixed-time artificial insemination (FTAI), as suggested 
previously in cattle (Dias CC et al. 2009, Theriogenology 72, 378–385) and buffalo cows (Carvalho NAT et al. 
2014, Theriogenology 81, 490–495). This study aimed to evaluate the use of low or high-dose intravaginal P4 
releasing devices on pregnancy rate of zebu heifers submitted to FTAI. Pubertal Bos indicus (Nellore) heifers were 
injected at day-0 (Day 0) with 2 mg estradiol benzoate (EB, Estrogin, AUSA, São Paulo, Brazil) and assigned 
randomly to three groups. Groups 1 (n=80) and 2 (n=78) were treated with an intravaginal device containing 1.9 g 
(CIDR-B®, MSD Saude Animal, São Paulo, Brazil) or 0.75 g (Prociclar®, Hertape Calier, Juatuba, MG, Brazil) P4, 
while Group 3 (n=76) was treated with a P4-inactivated device (Placebo group, Primer, Tecnopec, São Paulo, SP, 
Brazil). All intravaginal devices were removed on D8 and administered one injection of 125 µg cloprostenol 
(Veteglan®, Hertape Calier, Juatuba, MG, Brazil) and 300 IU of eCG (Novormon® MSD Saúde Animal, São Paulo, 
Brazil). Twenty-four hours later, heifers received a second injection of 1 mg EB. Heifers were FTAI (semen from 
four sires) 54 hours after P4 device removal. Estrus was monitored after cloprostenol injection and pregnancy status 
was evaluated via transrectal ultrasonography on day 40 after TAI. Data were analyzed by Chi-square test. The 
conception rates for the groups 1, 2 and 3 were 27.5%, 29.5% and 28.9%, respectively (P>0.05). The presence and 
absence of CL at time of device insert, sire or estrus expression at AI had no effect on pregnancy rate to FTAI. 
Furthermore, an unexpected finding of this study was the relatively high pregnancy rate of placebo group (28.9%), 
which might be attributed to EB injections. In conclusion, treatment of Nelore heifers with CIDR-B or Prociclar to 
synchronize ovulation did not improve pregnancy rate to FTAI. 
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This study was conducted in three commercial farms located at the South of Bahia during the 90 days of the 
breeding season of 2013-14. Five hundred and eight Nelore heifers with 25.9 ± 0.1 months of age, 349.6 ± 1.2 kg of 
body weight and BCS of 3.19 ± 0.01 (average ± SE) were evaluated by ultrasonography to assess presence of CL 
and uterine maturity (grade 1 = well developed to 3 = juvenile). Only heifers with a CL were included in the trial. 
They were homogenously allocated in one of two treatment groups (with and without PGF2α administration on D0). 
All heifers were treated with the same synchronization protocol for TAI, except for the administration or not of 
PGF2α at the onset of the protocol (D0). On D0, all heifers received an intravaginal device with 0.558g of P4 
(Cronipres® Mono Dose, Biogênesis-Bagó, Curitiba, PR, Brazil) and 2 mg estradiol benzoate (Bioestrogen®, 
Biogênesis-Bagó) IM. At the same time, half of the heifers were also treated with 0.150 mg D-Cloprostenol 
(Croniben®, Biogênesis-Bagó) IM. On D8, the device was removed and 0.150 mg D-Cloprostenol IM plus 300 IU 
eCG (Folligon®, MSD, São Paulo, SP, Brazil) IM were administered in all heifers. On D9, heifers from both groups 
were treated with 1 mg estradiol benzoate IM and TAI was performed 54h after device removal (D10). Heifers that 
showed estrus after TAI were inseminated again and then left with clean up bulls until the end of the breeding 
season. Pregnancy diagnosis was done by ultrasonography 30d after TAI. Data was analyzed by logistic regression, 
using the procedure GLIMMIX of SAS. On average, heifers had good uterine maturity on D0 (1.04 ± 0.02), 
regardless of experimental group. Similar P/AI after TAI were observed for heifers treated or not with PGF2α on D0 
[46.9% (90/192) vs 54.1% (100/185), respectively; P = 0.16]. Pregnancy rate at the end of the breeding season was 
also similar among the aforementioned groups [94.3% (181/192) vs 93.5% (173/185), respectively; P = 0.76]. Thus, 
these results suggest that when cyclic Nelore heifers are treated for TAI using intravaginal device with 0.558g of P4 
(Cronipres® Mono Dose M-24) as described herein, the use of PGF2α on D0 of the protocol is not necessary. 
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The present study aimed to evaluate the efficiency of different estradiol esters (estradiol valerate, EV or benzoate, 
EB) and different progesterone/progestin sources [intravaginal progesterone (DIB, P4) device and Norgestomet ear 
implant (Crestar)] in multiparous Nelore (Bos indicus) cows with 3.3 ± 0.0 of BCS and 30 to 60 days postpartum, at 
the beginning of the fixed-time artificial insemination (FTAI) protocol. A total of 501 females was allocated into 
four different experimental groups: 1. EV+DIB (n = 117) – on a random day of the estrus cycle (Day -1), 
intramuscular (IM) injection of 5.0 mg of EV (Injectable solution of the Crestar®, MSD Animal Health, São Paulo, 
Brazil) and insertion of an intravaginal P4 device (DIB®, MSD Animal Health, São Paulo, Brazil). On Day 8, the 
P4 device was removed and 300 IU of equine chorionic gonadotropin (eCG; Folligon®, MSD Animal Health, São 
Paulo, Brazil) was administrated IM; 2. EV+CRESTAR (n = 130) – the animals were submitted to the same 
protocol of group EV+DIB, however using the Norgestomet ear implant (Crestar®, MSD Animal Health, São Paulo, 
Brazil) instead of the P4 device; 3. EB+DIB (n = 122) – on a random day of the estrus cycle (day 0), IM injection of 
2.0 mg of EB (Gonadiol®, MSD Animal Health, São Paulo, Brazil) and insertion of a P4 device. On Day 8, the P4 
device was removed and 300 IU of eCG were administrated IM; 4. EB+CRESTAR (n = 132) the animals were 
submitted to the same protocol of group EB+DIB, however using Norgestomet ear implant instead of the P4 device. 
Additionally, animals in groups 3 and 4 were treated with 1.0 mg IM of estradiol cypionate (EC, E.C.P®, Zoetis, 
São Paulo, Brazil) and 150 µg IM of D-cloprostenol (PGF; Preloban®, MSD Animal Health, São Paulo, Brazil) on 
Day 8 (as revised by Baruselli et al., Animal Reproduction, v.9, p.139-152, 2012). All females were timed 
artificially inseminated 48h after the device/implant removal (Day 10) and submitted to ultrasound evaluation 
(Aloka SSD 500, Aloka, Japan) for pregnancy diagnosis 30 d after FTAI. All data were analyzed by the GLIMMIX 
procedure of SAS 9.3. There was no interaction (P = 0.48) between the different estradiol esters (EV vs. EB) and the 
different sources of P4/progestin (DIB vs. CRESTAR). Therefore, as main effects, it was observed similar 
pregnancy rates regarding the two estradiol esters [EB = 58.3% (148/254) vs. EV = 53.9% (133/247); P = 0.29] and 
the different sources of P4/progestin [DIB = 56.1% (134/239) vs. CRESTAR = 56.1% (147/262); P = 0.97]. In 
conclusion, both estradiol esters (EV and EB) associated with either DIB or Crestar resulted in similar pregnancy 
rate after FTAI protocol in multiparous Nelore cows. 
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The aim of this study was to evaluate the effect of three different treatment periods with medroxyprogesterone 
acetate (MAP) sponge on reproductive parameters of Santa Inês ewes subjected to estrus synchronization. Thirty 
two ewes were divided into three groups. In D0, animals received intravaginal sponges containing 60mg of MAP 
(Progespon®, MSD Animal health, Brazil), what were kept for 6 (G1, n = 11), 9 (G2, n = 11) or 12 (G3, n = 10) 
days. All the ewes received 75 µg of D-Cloprostenol IM (Prolise®, Tecnopec, São Paulo, Brazil) and 300 IU of 
eCG IM (Novormon®, MSD Animal Health, São Paulo, Brazil) 24 hours before the sponge removal. Transrectal 
ovarian ultrasonography was performed for monitoring follicular dynamics and to determine ovulation time, 
procedure done once a day until sponge removal and twice a day afterwards. After sponge removal, all ewes were 
subjected to a teaser male twice daily, for three days, until detection of estrus. The qualitative variable was assessed 
by Fisher's exact test. The results for quantitative variables of the animals presenting estrous behavior were tested 
for normality by Lilliefors test, and then subjected to ANOVA and Tukey’s tests. The variables also were tested 
concerning correlations among them (Pearson correlation - SAEG). In regards to estrus behavior, G1 had 72.7% 
(8/11), in G2 72.7% (8/11), and in G3 80% (8/10) (P > 0.05). The protocols affected the interval (h) from sponge 
removal to onset of estrus (IROE) and interval from sponge removal to ovulation (IRO) (respectively, G1: 46.0 ± 8.9a 
and 71.9 ± 10.6a; G2: 31.0 ± 7.7b and 58.7 ± 8.7b; G3: 34.6 ± 15.3a,b and 64.0 ± 9.5a,b; P < 0.05). In terms of duration 
of estrus (DE), interval from sponge removal to end of estrus (IREE) and interval from onset of estrus to ovulation 
(IOEO), there were no differences among protocols (respectively, G1: 39.0 ± 14.0 / 85.0 ± 12.7 / 25.9 ± 6.1; G2: 
42.0 ± 12.8 / 73.0 ± 14.2 / 27.7 ± 1.1; G3: 41.1 ± 21.7 / 75.8 ± 16.1 / 29.4 ± 11.3; P > 0.05). Positive correlations 
were found between the variables DE/IREE, DE/IOEO, IROE/IRO and IREE/IRO (P < 0.05; respectively, 0.67; 0.53; 
0.82; 0.49), and negative correlations were detected between the variables DE/IROE and IROE/IOEO (P < 0.05; 
respectively, -0.47 and -0.49). Although the three protocols were equally effective in synchronizing estrus, there was 
a greater individual variation in the 12 days protocol. In addition, the 6 days protocol showed greater IROE and IRO 
than the 9 days protocol, which should be taken into account in reproductive management practices when these 
treatments are employed. 
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The aim of study was to evaluate the use of GnRH at different times during a short protocol of synchronization and 
induction of estrus in Santa Inês ewes on different reproductive parameters. Ewes (n = 29) were divided according 
to weight and body condition score (49.5 ± 5.9 and 3.0 ± 0.4, respectively) and divided into in three experimental 
groups according to the time of GnRH application. The estrus was induced and synchronized (D0) using 
intravaginal sponges impregnated with 60mg of MAP for 6 days. All ewes received 30 µg of d-cloprostenol IM and 
300 IU of eCG IM 24 hours before sponge removal. At 12 hours after sponge removal, Gc (n = 10) 1.0 mL NaCL 
0,9% solution IM. G24h (n = 10) received after 24 hours of sponge withdraw, 0.025 mg of GnRH and G36h (n = 9) 
received the same dosage after 36 hours of the withdraw of the sponge. Transrectal ovarian ultrasonography was 
performed always by the same operator twice a day since the insertion of the sponge for monitoring follicular 
dynamics and to determine ovulation time. Blood samples were taken daily to determine progesterone plasma 
concentration. Regarding to estrous behavior, 53% (16/30) of the ewes showed signs of estrus, although no ewe 
from G24h showed estrus, 90% (9/10) of ewes in control group and 70% (7/10) of ewes in G36h showed signs 
of estrus. The duration of estrus, interval from sponge removal to onset of estrus and interval from onset of 
estrus to ovulation was not different. The interval (h) from sponge removal to ovulation was 64.1 ± 9.7; 48.0 ± 10.2; 
and 56.7 ± 5.7, respectively to Gc, G24h and G36h. The ovulation rate (100% vs 90% vs 90%) did not differ among 
treatments, although the average number of ovulations per ewe (1.9 ± 0.6 vs 1.2 ± 0.4 vs 2.0 ± 1.0) was smaller 
(P < 0.05) in G24h. Regarding maximum follicle size, there was a detectable difference (P < 0.05) between Gc and 
G24h (6.5 ± 0.4 vs 5.8 ± 0.7). In terms of circulating progesterone concentration, we could observe that only one 
ewe was in anestrus at the beginning of hormonal treatment (3.29% - 1/29). It was observed that circulating 
progesterone concentration decreased during the hormonal treatment and period and that the use of GnRH did not 
cause an increase in circulating progesterone after the ovulation. The use of a protocol of induction and 
synchronization used in the present study, apart from the GnRH application, synchronizes the estrus effectively. The 
use of GnRH 24 hours after the sponge removal is not indicated, since the estrus signs could not be observed, the 
use of GnRH 36 hours after the sponge removal showed to be effective, achieving results that were similar to the 
control group. 
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Efficiency of TAI protocols using Cronipres® mono dose device (0.558g P4) for 8 or 9 days 

associated or not with the administration of eCG in Nelore heifers 
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This study was conducted in a commercial farm located in Barra do Garças, MT-Brazil during the breeding season 
of 2013-14. Six hundred Nelore heifers aging 17 to 24 months were induced cyclicity [10d P4 intravaginal device 
(Cronipres® Mono Dose M-24, Biogênesis-Bagó Curitiba, PR, Brazil) previously used for 8d and 1 mg estradiol 
benzoate (Bioestrogen®, Biogênesis-Bagó) at removal]. Only heifers with CL and/or developed uterus 30 days after 
treatment were selected to participate in the present study. All selected heifers (n = 497; average BCS 3.05 ± 0.02) 
were subjected to the same protocol for TAI, except for the duration of intravaginal device maintenance (8 or 9 d) 
and the use or not of 300 IU eCG at device withdrawal (2 x 2 factorial design). Briefly, at random days of the 
estrous cycle (D0 or D-1 for 8 or 9 d of P4 device maintenance, respectively), heifers received an estrus detection 
device (EstrotectTM Heat Detector), 2 mg estradiol benzoate and a P4 intravaginal device with 0.558g of P4 
(Cronipres® Mono Dose M-24), which was kept for 8 or 9 d. At device withdrawal, heifers received 0.150 mg 
D-Cloprostenol (Croniben®, Biogênesis-Bagó) and 0 or 300 IU eCG (Ecegon®, Biogênesis-Bagó). At this time, the 
estrus detection device was verified and replaced when activated. After 24h, another verification and replacement of 
estrus detection device was performed simultaneously to the administration of 1mg estradiol benzoate. Timed AI 
was done 48h after device removal, together with the last estrus verification. Pregnancy diagnosis was done by 
ultrasonography 35d after TAI. Data was analyzed by logistic regression, using the PROC GLIMMIX from SAS. 
No interaction between time of device maintenance and administration of eCG on P/AI was observed, thus data was 
grouped. Only few heifers have anticipated estrus, regardless of time of device maintenance [Estrus D8: Mono Dose 
8d = 2.2% (5/225) vs 9d = 1.6% (4/250; P = 0.65); Estrus D9: Mono Dose 8d = 1.8% (4/228) vs 9d = 2.8% 
(7/249; P = 0.37)] and eCG administration [Estrus D8: without eCG =1.7% (4/236) vs with eCG = 2.1% 
(5/229; P = 0.77); Estrus D9: without eCG = 2.5% (6/237) vs with eCG = 2.1% (5/240; P = 0.91)]. The greatest 
activation of estrus detectors was observed at TAI, regardless of time of device maintenance [8d = 61.1% (135/221) 
vs 9d = 63.1% (154/244; P = 0.54)] and eCG administration [without eCG = 60.3% (141/234) vs with eCG = 64.1% 
(148/231; P = 0.43)]. Similar P/AI was observed when heifers were kept with the intravaginal device for 8 or 9d 
[45.3% (110/243) vs 43.8% (109/249), respectively; P = 0.69]. Treatment with eCG also had no effect on P/AI [with 
eCG = 45.1% (110/244) vs without eCG 44.0% (109/248); P = 0.81]. Thus, TAI protocols for pubertal heifers can 
be successfully done using Cronipres® Mono Dose devices (0.558g P4) kept for 8 or 9d, without the need of eCG 
administration. 
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Effect of cyclicity, body condition score and antral follicle count on the conception rate of 
Nelore cows submitted to fixed-time artificial insemination 
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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 conception rate of Nelore cows submitted to fixed-time artificial insemination (FTAI). A total 550 
Nelore cows, 30 to 45 days post partum with BCS of 2.7 ± 0.4 (range 1-5), in the region of Congoinhas, 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. The animals received an intravaginal progesterone device (CIDR®, Zoetis, Brazil) and 2mg 
of BE (Estrogin®, Farmavet, Brazil). Eight days later, the implants were removed and the animals received 12.5 mg 
of dinaprost (Lutalyse®, Zoetis, Brazil), 300IU eCG (Novormon®, Syntex SA, Argentina) and 0.5 mg EC (ECP®, 
Zoetis, Brazil). Forty-eight hours later the cows were inseminated and pregnancy diagnosis was performed 35 days 
later by ultrasonography examination. The results were subjected to analysis of nonparametric variance (P < 0.05). 
The proportion of cycling cows was 87.8% (483/550). Cows were classified in groups of high AFC (≥ 32 follicles, 
n=111), average AFC (11 to 31 follicles, n=343) or low AFC (≤ 10.5 follicles, n=96). The AFC was greater 
(P = 0.003) in anestrus cows (20.5 follicles ) than in cycling cows (17.4 follicles). However, AFC was not affected 
by BCS (≤ 2.5: 20.2 follicles vs. ≥ 2.75: 20.0 follicles). Conception results were similar (P >  0.05) for cycling and 
anestrus cows (52.3%; 253/483 vs. 59.7; 40/67, repectively), as well as for those classified as high AFC (51.3%; 
57/111), average AFC (54.2%; 186/343) or low AFC (52.0%; 50/96). Conception rate though was influenced by 
BCS (≤ 2.5: 44.5%; 103/231; ≥ 2.75: 57.7%; 190/329; P = 0.03). In conclusion, conception rate was not affected by 
AFC or cyclicity in postpartum Nelore cows. However, BCS had a significant effect in conception results, 
highlighting the importance of this parameter to choose cows that will be sent to FTAI programs. 
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Artificial insemination in sheep with frozen semen using prostaglandin based protocol 
 

V.O. Miranda1, T.A.S.N. Silva1, J.P. Neves1, M.A.N. Dode2, J.R. Scaliante

With the intense decrease in the space available for animal production is indispensable the use of technologies that 
allow manipulation of the reproductive cycle in sheep, maximizing productive capacity of these animals. An 
alternative to this technology is the use of protocols without steroid hormones such as GnRH and PGF2α, which 
have the best responsiveness. The objective of this study was to compare pregnancy rate in ewes synchronized with 
PGF2α, PGF2α associated with GnRH and with the standard protocol (Control) consisting of insertion of vaginal 
device containing medroxyprogesterone acetate (MAP) and eCG. Ideal-breed ewes (n=279) maintained in extensive 
conditions in Rio Grande do Sul were randomly divided into three experimental groups. Group 1, ewes were (G1, n = 99) 
syncronized with two doses of 0.530 mg PGF2α (Sincrocio®, Cloprostenol sodium, Ouro Fino, Brazil), within 
a 9 days interval (D0 and D9). In group 2, (G2, n = 92) ewes received two injections of 0.530 mg PGF2α 
(Sincrocio®, Cloprostenol sódico, Ouro Fino, Brasil) 9 days apart (D0 and D9), and 24 h after the last PGF2α they 
received 25 µg of lecirelin, a GnRH agonist (Gestran Plus®, Tecnopec, ARSA S. R. L., Argentina). Group 3, 
control (G3, n = 88), the vaginal sponges containing MAP were inserted and remained for 12 days. At the day of the 
removal of the device (D12) 250IU of eCG (equine chorionic gonadotropin - Novormon®, Coopers, Argentina) was 
injected. Fixed time insemination was performed by intrauterine laparoscoy 54 h after the end of the protocol (D9 
and D12). For insemination, frozen semen at a concentration of 100x10⁶ sperm per straw was deposited in both 
uterine horns. Data were analysed by Linear Generalizaded Model and Dunnet test (P < 0.05). The pregnancy rate 
was evaluated by ultrasonography 45 days after AI. Control protocol (G3) showed the highest pregnancy rate 
(31.8%) among the groups. No differences were observed on pregnancy rate between the other two protocols (G1= 16.2% 
and G2=13.0%). In conclusion, the control protocol, which is the most used, provided the greatest pregnancy rates 
following AI with frozen sperm. Moreover, the expected effect of GnRH increasing the synchronization of ovulation 
and pregnancy rate compared to a single PGF2α treatment was not observed. 
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Adjustment of the use of milrinone in bovine in vitro embryo production 
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In the present study the effect of three concentrations of milrinone (0, 50 and 100 µM), a phosphodiesterase 
inhibitor which can delay nuclear maturation to sincronize it with citoplasmic maturation, in oocytes of different 
grades [1+2: n=1252, 3: n=1245 and 4: (denuded): n=1040] were evaluated during in vitro maturation (IVM). 
Oocytes recovered from slaughterhouse ovaries were selected and washed in TCM-199 medium buffered with 
HEPES, pyruvate, amikacin and 10% fetal bovine serum (FBS). Then they were separated by grades and transferred 
to drops of maturation medium (TCM-199 NaHCO3 added with pyruvate, amikacin, 10% FBS, FSH and estradiol), 
containing the milrinone concentration for each group, (n=10-15 oocytes/ drop of 50 µL), totaling 9 groups. To 
adjust the protocol, three experiments were conducted. In Exp.1 (n=1497) and Exp. 2 (n=1184), oocytes were 
matured without LH, according to protocols proposed by Thomas et al. (Dev Biol, 244, 215-25, 2002) and Thomas 
et al. (Biol Reprod, 71, 1142-9, 2004), during 28 h and 24 h, respectively. In Exp.3 (n=856) maturation was done 
with LH for 24 h. In vitro fertilization (IVF) was performed for 22 h (Exp.1) or 18 h (Exp.2 and 3). At the end of 
these periods, presumptive zygotes were denuded, placed in culture medium (SOF) and incubated at 38.5°C with 
high O2 tension. On day 3 after IVF (D3) both feeding and evaluation of the cleavage rate (cleaved structures / oocytes 
in IVC * 100) were performed. On the 7th (D7) and 9th days (D9) blastocyst (blastocyst / oocyte in IVC * 100) and 
hatching rates (hatched embryos in D9 / blastocysts in D7 * 100), were evaluated, respectively. Data was analysed 
in SAS (ANOVA and Duncan test). In Exp.1, treatment effect was observed on: cleavage rate (0: 78.6a±2.3%; 
50: 74.2ab±2.5%; 100 µM: 70.7b±2.6%; P=0.03); number of blastocysts (0: 0.6b±0.1; 50: 1.2a±0.2; 100 µM: 
0.8ab±0.2; P=0.02) and blastocyst rate (0: 4.1b±1.1%; 50: 8.2a±1.2%; 100 µM: 5.4ab±1.2%; P=0.02). An effect of 
oocyte quality was observed on: number of cleaved embryos (1+2: 10.5b±0.3; 3: 11.6a±0.3; 4: 8.8c±0.4; P<0.01) 
and cleavage rate (1+2: 77.4a±2.1%; 3: 82.6a±2.0%; 4: 63.6b±2.3%; P<0.01). In Exp.2, there was a treatment effect 
on: cleavage rate (0: 56.3a±4.8%; 50: 50.2ab±4.0%; 100 µM: 46.6b±4.6%; P=0.04) and an effect of oocyte quality 
on: number of cleaved embryos (1+2: 7.1a±0.6; 3: 7.5a±0.7; 4: 5.6b±0.5; P<0.01). In Exp.3, there was only an effect 
of oocyte quality on: number of cleaved embryos (1+2: 10.8a±0.5; 3: 11.0a±0.6; 4: 6.8b±0.4; P<0.01), number of 
blastocysts (1+2: 2.2b±0.4; 3: 3.1a±0.4; 4: 2.0b±0.3; P=0.04) and blastocyst rate (1+2: 15.5b±3.0%; 3: 22.3a±3.1%; 
4: 25a±4.4%; P=0.05). We conclude that milrinone seems to play greater influence in the dose of 50 µM when 
extending the period of maturation, and in the absence of LH; oocyte quality is important for IVEP; and although the 
experiments were not tested simultaneously, the use of LH seems to improve the efficiency of IVEP. 
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embryo on D14 of development 

 
A.L.S. Guimarães1, G.M. Machado1, A.R. Ferreira2, J.F.W. Sprícigo1, I. Pivato1,  

M.M. Franco3, M.A.N. Dode3 
 

1Universidade de Brasília, DF, Brazil; 2UNESP; 3Embrapa Recursos Genéticos e Biotecnologia, Brasília, DF, Brazil. 
 
 
Keywords: bovine embryos, methylation, transcripts. 
 
In mammals, correct DNA reprogramming is essential for gametogenesis and normal preimplantation embryonic 
development. Epigenetic events such as methylation of DNA and histone post-translation modifications have an 
essential role in reprogramming. The main epigenetic modifications may be affected by environmental factors, being 
their increase associated with assisted reproductive techniques. This fact may be due to in vitro culture and 
excessive manipulation. Therefore, abnormal methylation pattern may be responsible by the lower pregnancy rates 
observed in the IVP embryos compared to the in vivo produced. Considering that epigenetic modifications are 
catalyzed by enzymes such as DNA methyl (cytosine-5-) transferases (DMNTs), histone acetyltransferase (HAT), 
histone deacetylase (HDAC) and histone methyl transferases (HMTs), their expression can indicate epigenetic 
modifications that can compromise embryo development and maintenance of pregnancy. This study aimed to 
evaluate if IVP can affect expression of genes related maintenance (DNMT1) and establishment of DNA 
methylation (DNMT3B) and histone methylation (SUV39H1), in bovine embryos at a later stage of 
development(D14) For IVP, oocytes obtained from slaughterhouse ovaries were matured, fertilized (D0) and 
cultured in vitro to D7  On D7 of culture grade  1 blastocysts were selected and transferred  in number of 10 to the 
uterine horn of recipient previously synchronized (Group vitro/vivo). As a control, embryos collected at day 7 
post-insemination of superstimulated donor were used. After uterine flushing grade one blastocysts were transferred 
in number of 10 to the uteruses of synchronized recipients. Embryos from both groups (vitro/vivo) were collected in 
D14, and a biopsy of the trophoblast was collected and stored individually. The biopsies were grouped to form four 
pools of each group and RNA extraction was performed (RNeasy Mini Kit plus Qiagen). Level of expression of 
target genes was assessed by real time PCR, being cyclophilin used as endogenous control. The relative values of 
gene expression were obtained by the corrected amplification efficiency for each gene (Pfaffl equation) ΔΔCt 
method. Data were submitted to analysis of variance using Prophet 5.0 software. The mean of mRNA levels of 
target genes were compared using the Tukey test (P < 0.05). No difference was detected on transcript abundance of 
the evaluated genes between in vivo and in vitro produced embryos at D14 of development. These results suggest 
that in vitro culture did not affect the posterior expression of genes responsible for epigenetic changes and that 
probably these embryos possess the epigenetic pattern similar to those produced in vivo. 
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Pre-ovum pick up (OPU) dominant follicle (df) ablation: effect on in vitro gyr (Bos taurus 
indicus) embryo production (IVP) 
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The objective was to evaluate the effect of ablation of dominant follicle three days before ovum pick up (OPU) in 
lactating Gyr donors, considering oocyte yield and vitro embryo production (IVP). We also evaluated period of the 
year, body condition score and days in lactation (DEL). OPU procedures were performed 2 - 6 times, since 14 days 
post-partum at 21-day consecutive intervals. The trial was conducted at the EPAMIG research unit, Uberaba-MG. 
Twenty seven multiparous and 22 primiparous Gyr donors were randomly allocated in (DF-ablated, n=70) or not 
(control, n=128). Three days before OPU, cows were submitted to the ablation of DF as well as all follicles > 6 mm 
in diameter. From 198 OPU sessions, 6034 oocytes were obtained, being 3884 viable, resulting in 1114 blastocysts. 
Body condition scores (BCS) were attributed to donors on a scale from 1- very thin to 9- extremely obese. The mean 
number of viable oocytes recovered and blastocyst obtained after IVP per OPU session were 20.0 ± 10.6 and 
5.70 ± 4.9, respectively.  No effect on IVP yield traits due to parity, OPU session order or to the day post-partum 
the OPU was performed were detected.  A one point increase in BCS resulted in an increase of 1.65 viable oocyte 
recovered at each OPU. Overall mean BCS was 4.35 ± 1.18 (3.0 – 7.0). Total and viable oocyte production were 
similar between DF-ablated (23.93±4.72 and 18.02±2.18) and control group (25.82±3.27 and 17.39±2.10), 
respectively.  However, blastocyst production after IVP was superior (p<0.05) for the DF-ablated (5.65±1.02) 
compared to control (3.78±0.97). We conclude that DF ablation previous to OPU increases IVP efficiency. Also, 
lactating Gyr donors may be submitted to OPU as early as 14 d post-partum with 21 days of interval.  
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This study aimed to evaluate the effect of the seasons on the cleavage, blastocyst and conception rates of recipients 
transferred with in vitro produced Sindhi embryos. The study was conducted based on data from successive sessions 
of follicular aspiration (OPU) in commercial programs from an IVP central of bovine embryos (Tecgene 
Technology and Animal Health) located in São Jose do Rio Preto, Sao Paulo, Brazil. The OPU sessions were 
performed in 154 Sindhi breed donors that belonged to a farm located in Novo Horizonte, Sao Paulo, between 
January of 2008 and June of 2010. Data obtained from 17 OPU sessions (eight during the rainy season and nine 
during the dry season) were grouped and evaluated according to the season to which they belonged; the rainy season 
included the months from November to April and the dry season months from May to September. From a total of 
4,485 cumulus-oocyte complexes (COCs) recovered through OPU, 3,092 were matured and submitted to in vitro 
fertilization with conventional and sexed semen from bulls of the same breed and known fertility. The averages of 
selected COCs per donor were compared by ANOVA, whereas the data regarding to cleavage, blastocyst and 
conception rates were compared by Chi-square, adopting 5% of error probability in all analyzes. The proportion of 
the analyzed parameters obtained during the rainy and dry seasons were respectively: averages of selected COCs per 
donor of 20.9 and 25.8; cleavage rate of 80.3% (1439/1792) and 84.0% (1456/1733); blastocyst rate of 38.4% 
(596/1552) and 39.3% (606/1540); conception rate of 28.3% (140/495) and 28% (148/528). There was no statistical 
difference for any of the parameters (p>0.05). This study did not evaluate the interaction between the conventional 
or sexed semen and the blastocyst rate. However, Seidel Jr et al. (Theriogenology, 52, 1407-1420, 1999) 
demonstrated that the use of sexed semen decreased the blastocyst rate of in vitro produced embryos when 
compared to conventional semen. Therefore, it can be concluded that the variables analyzed were not affected by the 
rainy and dry seasons in an in vitro production program. 
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The present study evaluated the in vivo ovum pick-up (OPU), in vitro embryo production and the conception rate of 
embryos from prepubertal Holstein donors. The study was performed at Santa Rita farm, with a completely 
randomized experimental design, performed in six consecutive replicates with different animals. A total of 128 
donors of four animal categories: prepubertal heifers (PP, n=32), pubertal heifers (PU, n=32), lactating cows (LC, 
n=32) and non-lactating cows (NLC, n=32) were submitted to OPU without previous synchronization, 
concomitantly. Immediately before the OPU, all follicles were quantified and classified according to their diameter 
[small (SF ≤ 6mm), medium (MF = 6 to 10mm) and large (LF ≥10 mm) follicles]. Subsequently, all visible follicles 
(≥2mm) were punctured and the total recovered structures, as well as the quantity and quality grade of viable 
oocytes were registered. All viable oocytes were submitted to the in vitro embryo production and their development 
(cleavage and blastocyst rate) was evaluated. The same bull and semen batch were used for the oocytes fertilization 
of all donor categories. The embryos produced were transferred in crossbred recipients (Bos taurus x Bos indicus). 
Variables were analyzed by the GLIMMIX procedure of SAS®. No difference (P=0.08) between the experimental 
groups were observed in the total number of follicles aspirated (PP: 17.7±2.0; PU: 16.8±1.2; LC: 14.3±0.95; NLC: 
19.9±1.6). However, it was found that the PP donors showed higher (P<0.0001) proportion of small follicles when 
compared to the other categories (PP: 58.6a, PU: 46.4bc; LC: 44.5c; NLC: 53.5%b). Despite the similar (P=0.13) 
total number of recovered oocytes (PP: 13.5 ± 2.1; PU: 12.5 ± 1.1; LC: 9.8 ± 1.0; NLC: 14.9 ± 1.6), the amount of 
viable oocytes was higher (P=0.007) in NLC (11.8 ± 1.4a) compared to LC (6.2 ± 0.86b), and the heifers maintained 
intermediate (PP: 10.0 ± 1.7ab, PU: 7.9 ± 0.8ab). However, it has been found that viable oocytes rate (PP: 74.1a; 
PU: 63.0b; LC: 62.7b; NLC: 78.9% a P=<0.0001) was similar (P>0.05) between PP and NLC. Moreover, PP donors 
showed lower (P<0001) cleavage rate (PP: 68.7a, PU: 98.4b, LC: 89.3b; NLC: 88.6%b, P<0.0001), lower (P<0001) 
blastocyst rate (PP: 5.0a, PU: 12.5b, LC: 17.9b; NLC: 33.1% c, P<0.0001) and fewer (P<0001) produced embryos 
(PP: 0.5 ± 0.2a, PU: 1.0 ± 0.5b, LC: 1.1 ± 0.6b , NLC: 3.9 ± 0.6c, P<0.0001) per OPU session compared to other 
categories. Finally, no difference (P=0.13) was observed in the conception rate between embryos from the different 
categories (PP: 0.0 [0/15]; PU: 9.7 [3/28]; LC: 28.6 [10/25]; NLC: 32.7% [36/74]). In conclusion, prepubertal 
Holstein donors have lower efficiency at in vitro embryo production in comparison to the other categories. Besides 
that, non-lactating cows showed to be the most efficient category for in vitro embryo production.  
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The objectives of this study were to characterize follicle population, quality and number of oocytes recovered and in 
vitro embryo production in pre-pubertal Nelore heifers previously exposed to progesterone (P4). The experimental 
design included 42 Nelore females, distributed into 4 experimental groups, as follows: PP-P4-24d- pre-pubertal 
heifers undergoing (OPU) previously exposed to P4 (CIDR®, Zoetis)  for 24 days n=11); PP-P4-7d– pre-pubertal 
heifers undergoing OPU previously exposed to P4 for 7 days (n=11); PP – pre-pubertal heifers undergoing OPU 
without previous P4 priming (Negative Control, n=10); and VC – mature cycling cows undergoing OPU previously 
exposed to P4 for 7 days ( n=10). On D0, heifers in PP-P4-24d received a CIDR®, which was removed on D7 of the 
protocol. These same animals received another P4 device on Day 14. Animals in groups PP-P4-7 d and VC received 
a P4 device for 7 days (Day 24 to 31). All females received intramuscularly 2.0 mg of estradiol benzoate (BE; 
Gonadiol, Schering Plough) on day 24 of the protocol. All devices were removed previously follicular aspiration 
(Day 31). At the time of OPU, ovaries were examined by ultrasonography to estimate follicular population. Data 
was analyzed with the procedure GLIMMIX of SAS and shown as means ± SEM. Means were assumed different 
when P<0.05. The number of recruited follicles (43.3±2.0 vs 58.9±2.4 vs 58.1±2.4 vs 58.2±2.7, P<0.001), number 
of total oocytes (25.9±1.5 vs 37.1±1.9 vs 41.4±2.3 vs 33.1±2.0, P<0.001), and number of viable oocytes (15.9±1.2 
vs 26.1±1.6 vs 30.8±1.8 vs 22.5±1.7, P<0.001) was less in PP-P4-24d than in PP-P4-7d, PP, and VC, respectively. 
However, there were no differences among groups in terms of total embryos produced per OPU session (4.7±0.7 vs 
4.4±0.7 vs 5.1±0.7 vs 4±0.7, respectively for PP-P4-24d, PP-P4-7d, PP, and VC, P=0.7). In addition, the embryo 
rate (number of embryos/number of viable oocytes) was lower (P<0,001) in PP-P4-7d (18.1%) and PP (15.3%) in 
comparison to PP-P4-24d (29.7%) and VC (25.9%) groups. As a conclusion, prepubertal Nelore heifers exposed to 
24 days of progesterone previously to the OPU presented lower number of follicles and recovered oocytes but 
higher in vitro embryo production rates.  
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This study aimed to evaluate the conception rate at 30 and 60 days of pregnancy and the pregnancy loss of Holstein 
recipients after embryo transfer of embryos produced in vivo (superstimulation and uterine flush, SOV-UF) or in 
vitro (ovum pick-up and in vitro production, OPU-IVP). The database were obtained from a commercial dairy farm 
(Agrindus S/A, Descalvado-SP) performed during the year 2013. A total of 933 fresh embryos transfer was 
evaluated; 624 embryos were obtained from the SOV-UF procedure with non-sorted sperm and 309 embryos from 
the OPU-IVP with sex-sorted sperm. All the donors were Holstein cows. The SOV-UF procedures were performed 
weekly and OPU-IVP twice a month throughout the year. The recipients were 286.1 ± 2.8 (± SD) days in milk, 
4.0 ± 2.8 prior services and 65.5% (611/933) of the donors were multiparous. All recipients were maintained in 
free-stall facilities receiving diet sufficient to maintain or exceed the requirements of the category according to the 
NRC 2001. The pregnancy diagnosis was performed by ultrasonography exams at 30 days of gestation and 30 days 
later the pregnancy was confirmed by rectal palpation. Data were analyzed using the GLIMMIX procedure of SAS 
9.3 ®. The recipients that received embryos derived from in vivo production showed higher conception rate at 30 
[SOV-UF: 43.8% (273/624) vs. OPU-IVP: 26.5% (82/309); P< 0.0001] and 60 days of gestation [SOV-UF: 34.4% 
(213/620) vs. OPU-IVP: 20.4% (63/ 309); P< 0.0001] when compared to in vitro embryos produced. However, no 
difference was observed for pregnancy loss between the two groups [SOV-UF: 20.8% (56/ 269) vs. OPU-IVP 
23.2% (19/82); P= 0.79]. In conclusion, embryos of Holstein donors produced in vivo have greater ability to 
establish pregnancy after embryo transfer into lactating Holstein recipient compared to embryos produced in vitro. 
However, there was no difference in pregnancy loss. 
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Centrifugation on discontinuous Percoll gradients is one of the most used procedures for sperm selection in IVP. 
However centrifugation may affect irreversibly sperm cells and impair rates of in vitro fertilization. Aiming to 
minimize potential cell damage caused by centrifugation, Cushion Fluid medium (Minitüb; Tiefenbach, Germany) 
has been used to process equine and boar semen. In that regard, no studies using Cushion fluid medium for 
separation of bovine semen have been reported. The aim of present study was to determine the influence of use of 
Cushion Fluid medium for sperm separation on sperm recovery rate and viability of bovine spermatozoa. A pool of 
semen from two Bos taurus taurus bulls was used (5 replicates). Sperm selection was carried out by mini Percoll 
discontinuous gradient 30, 60 and 90% method (Folchini et al., Rev. Bras. Repr.Anim., v.36, p.239-44,2012). 
Samples were centrifuged at 2200 x g for 5', and the pellet formed was diluted in 300 ul of TALP-FERT medium in 
combination with Cushion Fluid medium according to following experimental groups: no Cushion Fluid (T1), or 
150 uL of Cushion Fluid (T2), being immediately centrifuged at 2200 x g for 1'. Semen samples were assessed for 
motility, vigor, plasma membrane integrity, sperm cell recovery rate, production of reactive oxygen species (ROS), 
levels of glutathione (GSH) and activity of superoxide dismutase enzyme (SOD). Statistical analysis was carried out 
using the ANOVA test (p<0.05). T1 showed a higher motility (78 ± 4.5%) compared to T2 (68% ± 8.4). No 
difference was observed in sperm recovery rate between T1 (42.0 ± 4.9%) and T2 (38.6% ± 3.6) groups, as well as 
in other variables analyzed post-sperm selection. Cushion Fluid medium did not influence sperm recovery rate, 
membrane integrity, vigor, ROS production, levels of glutathione (GSH) and superoxide dismutase enzyme (SOD) 
activity, but decreased sperm motility. Further studies should be conducted using the Cushion Fluid medium in the 
sperm selection process in bovine to verify the effects of the medium on fertilizing capacity and embryonic 
development. 
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The study evaluated the effect of the donor superstimulation prior to the ovum pick-up (OPU) with different FSH-P 
(Folltropin®; Tecnopec) doses diluted in a slow release carrier (hyaluronic acid, MAP5®, Bioniche) in the in vitro 
embryo production (IVP). A total of 90 non-lactating Holstein donors was distributed into four different groups: 
Control (CON; n=22); Folltropin 200 mg (FOLL; n=23); MAP5/Folltropin 200 mg (M200, n=22) and 
MAP5/Folltropin 300 mg (M300, n=23). On a random day of the estrous cycle (Day 0) all cows received an 
intravaginal progesterone device (P4; Primer®, Tecnopec) and 2mg of estradiol benzoate (BE, RIC-BE®, 
Tecnopec), intramuscular (IM). On Day 4 and Day 5, the FOLL group received four decreasing doses of Folltropin 
IM; the MAP5 groups (40mg/mL) received a single dose (IM) on Day 4 AM. The CON group received same 
protocol, however, with no superstimulatory treatment. The P4 devices were removed on D7 AM and cows were 
submitted to OPU. Immediately before the OPU, all visible follicles were quantified and classified according to their 
diameter [small (<6mm), medium (6 to 10mm) and large (>10 mm) follicles]. Data were analyzed by orthogonal 
contrast using the GLIMMIX procedure of SAS. The contrasts established were: C1 (Superstimulation effect): CON 
vs. (FOLL+M200+M300); C2 (MAP5 effect): FOLL vs (M200+M300); C3 (dose effect): M200 vs. M300. A 
greater (C1: P<0.0001) proportion of medium follicles was observed in animals submitted to superstimulation 
[FOLL: 64.3 (301/468); M200: 67.9 (347/511); M300: 66.5% (300/451)] compared to CON group (19.2%, 68/355). 
Also, greater number of aspirated follicles (CON: 16.1 ± 1.1; FOLL: 20.4 ± 1.4; M200: 23.2 ± 2.3; M300: 19.6 ± 1.6; 
C1: P = 0.01), total oocytes retrieved (CON: 13.1 ± 1.0; FOLL: 16.5 ± 1.2; M200: 19.5 ± 2.1; M300: 15.4 ± 1, 4: 
C1: P = 0.01), viable oocytes (CON: 9.3 ± 0.7; FOLL: 12.2 ± 1.2; M200: 15.6 ± 1.7, M300: 11.4 ± 1.2; C1: P = 0.02), 
cleavage rate [CON 75.6 (155/205); FOLL: 85.1 (239/281); M200: 79.6 (273/343); M300: 79.4% (210/263); C1: 
P=0.002] and blastocysts per OPU session (CON: 2.4 ± 0.5; FOLL: 3.7 ± 0.7; M200: 4.7 ± 0.7; M300: 3.1 ± 0.6; 
C1: P = 0.06) were observed in females submitted to the superstimulation treatment compared to the CON group. 
Additionally, cows of the M200 group obtained greater recovery rate [M200: 84.0 (429/511) vs. M300: 78.7% 
(355/451); C3: P = 0.009), higher number of viable oocytes (M200: 15.6 ± 1.7 vs. M300: 11.4 ± 1.2 C3: P = 0.04) 
and blastocysts per OPU session (M200 4.7 ± 0.7 vs M300: 3.1 ± 0.6, C3: P = 0.06) compared to animals of the 
M300 group. In conclusion, the administration of Folltropin, associated or not with MAP5®, previously to OPU 
increases the efficiency of in vitro embryo programs in non-lactating Holstein cows. Additionally, the use of 200mg 
of Folltropin associated with MAP5 was sufficient to achieve superior results in in vitro embryo programs in non-
lactating Holstein cows. 
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The aim of this study was to promote analgesia and dilation in the cervix of Santa Ines ewes, allowing the passage of 
a stainless steel rod into the uterus for embryo collection by the nonsurgical method. Thirty primiparous ewes were 
studied. Each animal underwent four epidural treatments described below with minimum intervals of three weeks 
between the procedures. G1: NaCl 0.9% (saline - 1mL for each 7.5 kg); G2: ketamine (2.0 mg.kg-1 Cetamin®, 
Syntec, Cotia, Brazil); G3: ketamine (2.0 mg.kg-1) and morphine (0.1 mg.kg-1 Dimorf ® Cristalia, Itapira, Brazil) 
and G4: ketamine (2.0 mg.kg-1) and xylazine (0.05 mg.kg-1 kensol®, König, Buenos Aires, Argentina). For G2, G3 
and G4 volume was completed with saline solution until the concentration of 1ml for each 7.5kg. For estrus 
synchronization, the ewes were injected with two doses of synthetic prostaglandin (0.5mL Prolise, Tecnopec®, São 
Paulo, Brazil) with an interval of 11 days Nine days after the second injection, the animals were sedated with 
acepromazine (0.1 mg.kg–1 Acepran®, Vetnil, Louveira, Brazil) and diazepam (0.2 mg.kg-1 Diazepam, Teuto, 
Anápolis, Brazil) duct IV. Ten minutes after sedation of epidural space was punctured with a Tuohy needle and the 
animals received the epidural injections. Ten minutes later, a Collins speculum was inserted into the vagina, the 
cervix was clamped and tractioned until the vulvar commissure using an Allis tweezer and was fixed using two 
Pozzi clamps. The attempts to passage the cervix using a Hegar dilator were performed at 10, 20 and 40 minutes 
after epidural analgesia and each trial lasted five minutes. When cervix was traversed, a urinary catheter was 
inserted into the vagina using a mandrel and 20 to 40 ml of saline solution was injected into the uterus to confirm 
that the catheter was correctly positioned and thus allowing uterine flushing. The following parameters were 
analyzed using a scoring system (Rafael DeRossi, Small Rum Res 83, 74-8, 2009.): Relaxation of the vulva and 
vagina, anal relaxation, analgesia and cervical dilation. Data were submitted to ANOVA and Friedman test, and the 
comparison whether the uterus could be entered among groups was analyzed by the Chi-square test. Regarding 
analgesia and anal relaxation, there was no difference between G2, G3 and G4 (P>0.05) and all of them promoted 
adequate analgesia and anus relaxation, but just the G1 (P<0.05) no followed that. Regarding the transcervical 
passage rate, for G1 it was 50.0% (15/30), G2 53.3% (16/30), G3 46.6% (14 /30) and G4 53.3% (16/30). These 
results lead us to conclude that the protocols of epidurals used did not induced dilation of the cervix in ewes, 
although G2, G3 and G4 have promoted adequate analgesia. 
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A small proportion of bovine in vitro matured oocytes (IVM) has the potential to develop to embryo. Aiming to 
improve oocyte competence, some inhibitors of cyclin-dependent kinases, such as butirolactone I (BL), have been 
used to synchronize the nuclear and cytoplasmic maturation of bovine oocytes.  Moreover, the cumulus cells (CCs) 
also play an important role for the acquisition of in vitro oocyte competence. Therefore, the aim of this study was to 
investigate the gene expression of PTGS2, GREM1 and PFKP in the CCs of in vitro or in vivo matured (IVOM) 
bovine oocytes. Ovaries were collected from a local slaughterhouse, and the oocytes from the follicles were 
obtained. Oocytes were randomly divided into 5 groups: I (immature oocytes); II (IVOM); III (IVM); IV (meiosis 
block, 12h; reversal, 12h); and V (meiosis block, 24h; reversal, 24h). All reagents were purchased from Sigma-
Aldrich (St. Louis, USA), unless otherwise specified. The cumulus-oocytes complexes (COCs) were washed and 
selected in PBS medium plus 10% FCS (Nutricell®, Campinas, Brazil). The medium 199, supplemented with 
sodium bicarbonate, sodium pyruvate, penicillin, FSH and LH (Bioniche Inc., Canada), estradiol, cisteamine and 
10% FCS was used to IVM. The IVM medium, supplemented with 10 µM of BL, without hormones and FCS, was 
used to meiosis block. For the IVOM, the estrus of 10 Nelore donor cows were synchronized with progesterone 
(Primer®, Tecnopec, Brazil), estradiol benzoate (Sincrocio®, Ourofino, Brazil) and cloprostenol sodium (Ciosin®, 
MSD, Brazil). For super stimulation of the ovaries, FSH was injected (six decreasing doses), and final follicle 
maturation was induced with gonadorelin (Fertagyl®, Intervet, Brazil). The COCs were obtained through OPU, 19-
20 h after gonadorelin injection. The CCs were removed by several pipetting in PBS medium with 0.1% 
hyaluronidase. Then, droplets containing only CCs were centrifuged (3,355 x g/10 min) and frozen in total RNA 
extraction medium. Gene expression was investigated by quantitative RT-PCR, normalized by GAPDH constitutive 
gene. The results were analyzed using ANOVA and Tukey’s test, with P<0.05 taken as significant. There was no 
statistical difference among the groups for PTGS2. However, the abundance of transcripts for GREM1 was higher 
(P<0.05) in the CCs from oocytes from group II than from the other groups. The CCs from group II showed higher 
(P<0.05) abundance of transcripts for PFKP compared to groups I and IV, with similar results for groups I and IV. 
In conclusion, the meiosis block with BL did not affect the abundance of transcripts of any gene investigated, 
however, as a higher GREM1 expression was observed in the CCs from IVOM oocytes, further researches using 
different compounds for IVM medium may identify pivotal factors that are related with the expression of these 
genes in CCs.  
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The heat shock protein 90kda (HSP90) is a cytoprotective chaperone and its inhibition with 17-(allylamino)-17-
demethoxygeldanamycin (17AAG, Sigma, St. Louis, USA) during IVM reduces oocyte competence, decreasing 
embryo production rate (Souza et al., 2013. Anim Reprod, 10:515). To assess possible damage in the embryos after 
exposure to different 17AAG concentrations during IVM, this study aimed to determine the total number of 
embryonic cells, apoptotic index of the inner cell mass (ICM) and the trophoblast (TE) of blastocysts. Immature 
oocytes aspirated from ovaries obtained from slaughterhouse were selected and randomly allocated in a factorial 
experiment design with three 17AAG concentrations (0, 1 and 2µM) and two-exposure time (12 and 24h) during 
IVM at 38.5ºC under 5% CO2 and saturated humidity. Oocytes were in vitro fertilized (IVF) for 20h and incubated 
under the same maturation conditions. After IVF, the presumptive zygotes were denuded in a solution of PBS plus 
0.1% hialuronidase and then cultured in CR2aa medium supplemented with 2.5% FCS (Nutricell, Campinas, Brazil) 
in a incubator at 38.5ºC under 5% CO2, 5% O2 and 90% N2, and saturated humidity for 8 days. Cleavage was 
evaluated at day three and blastocysts were evaluated at day seven and day eight post-fertilization. Expanded 
blastocysts with 192h post-fertilizationfrom different treatments (0µM=42; 1µM=47; 2µM=39 and 12h=60; 
24h=68) were fixed in 4% paraformaldehyde and available by TUNEL assay (DeadEndTMFlorimetric TUNEL 
System-Promega). Data from each treatment were analyzed by Generalized Linear Model procedure of SAS 
software (version 9.1) considering effect of exposure time, 17AAG concentration and interaction, and means were 
compared by Student Newman Keuls test. Values are shown as mean±SEM. There was no difference in the total 
number of cells, number of apoptotic cells and apoptotic index of cells analyzed embryos derived from treatments 
with different concentrations or time of exposure to the inhibitor, nor interaction between concentration and 
exposure time. However, there was a decrease in the number of cells of the ICM of embryos from oocytes treated 
with 1μM and 2μM of 17AAG compared to 0μM (36.36±1.26, 39.68±1.68 and 43.42±1.95, respectively). The data 
also showed differences (P <0.05) in the number of apoptotic cells of TE for 0μM, 1μM and 2μM (15.97±2.8a, 
12.05±1.54a,b and 7.23±0.84b, respectively) and in the TE apoptotic index among embryos from oocytes exposed to 
a higher concentration of the 17AAG in maturation medium (2μM - 8.81±0.80) compared to the concentrations of 
0μM and 1μM (15.51±1.78, 13.64±1.56, respectively). The use of 17AAG during IVM does not interfere on 
blastocyst total cell number or general apoptotic index, but it can reduce ICM cell number and TE apoptotic index, 
resulting in lower embryo developmental ability, as already reported in previous study.  
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Holding immature oocytes before maturation simplifies their transport and helps in scheduling later manipulations 
for in vitro production of bovine embryos. The objective of this study was to evaluate the effect of holding bovine 
oocytes in maturation medium (MIV, Vitrogen®, Brazil) or H-199 medium (H-199, Vitrogen®, Brazil) for 5 hours 
at different temperatures (38ºC or 5ºC) on subsequent embryonic development after in vitro fertilization. Bovine 
ovaries were collected at an abattoir and transported during 2 hours to the laboratory. Cumulus–oocyte–complexes 
(COCs) were recovered by follicle aspiration with an 18G needle and syringe, using PBS supplemented with 
70ug/ml of gentamicin and 0.1% of PVA, this solution was used for holding oocytes during the recovery procedure. 
The COCs recovered were divided into four groups (G1: MIV at 38ºC; G2: MIV at 5ºC; G3: H-199 at 38ºC and G4: 
H-199 at 5ºC). Subsequently, the COCs in each treatment group were matured for 22–24 h before fertilization and in 
vitro culture. Oocytes were fertilized using frozen–thawed semen that was used before in other in vitro fertilization 
procedures with good blastocyst production (control bull). A selection of motile spermatozoa was carried out by 
gradient centrifugation with 90/45% discontinuous Percoll density. Fertilization was performed using 10ul of sperm 
(final concentration 1 x 106 spermatozoa/ml) in 60ul of fertilization medium containing oocytes. The gametes were 
incubated for 18 to 22 h at 38.5ºC under 5% CO2 in 100% humidified air. Immediately, zygotes were washed and 
transferred to culture medium into 70ul microdrop covered with mineral oil. On day 7 (D7) of culture (day 0; 
D0=IVF day), blastocyst production was evaluated identifying the blastocele in the embryos. A total of 208 oocytes 
were analyzed in this experiment. Differences in blastocyst rates between the experimental groups were analyzed as 
a completely randomized design with 4 treatments and 4 replicates for each analysis (G1: MIV at 38ºC; G2: MIV at 
5ºC; G3: H-199 at 38ºC and G4: H-199 at 5ºC) and the mean comparisons were made with LSMEANS and Duncan 
test with significance defined at P<0.05. Statistical evaluations were carried out using the SAS Software, PROC 
GLM. The blastocyst development rate was superior in G1 (32.1%) and G3 (26.4%) at 38ºC compared to G2 and G4 
in which oocytes were kept at 5ºC (3.9% and 3.9%, respectively). The number of blastocysts developed at 38ºC was 
significantly different (P<0.005) from those kept at 5ºC before going to the microdrops of maturation. These results 
indicate that the temperature at which oocytes are held has a significant effect on embryonic development when 
comparing holding media and that the phase of oocyte transportation to the laboratory after the ovum pick up 
procedure must be well controlled and monitored in order to obtain successful in vitro production of bovine embryos 
at commercial level. 
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The objective of this study was to evaluate the antral follicle population, the in vivo ovum pick up procedure (OPU) 
and the following in vitro production (IVP) of embryos from Nelore cows (Bos indicus) treated during 120 days 
with a GnRH agonist (Deslorelin; Suprelorin 12®; Virbac). A total of 20 cycling cows (CL presence) was divided in 
two experimental groups: Deslorelin Group (n=10; cows receiving an ear implant loaded with the GnRH agonist); 
and Control Group (n=10; cows that received a blank ear implant without the GnRH agonist). All animals 
underwent an OPU session (Day -14) before applying the ear implants (Day 0). Immediately before the application 
of the ear implants (Day 0) all females underwent their second OPU session, followed by 4 consecutive OPU 
sessions spaced 30 days apart (Day 30 to Day 120). The same semen batch from a single previously tested sire was 
used in all IVP procedures. Repeated measures analyzes were performed with the procedure GLIMMIX of SAS 9.3, 
taking into account the effects of treatment, time and one-way interaction between treatment and time, with “cow” 
kept in all models as a random effect. There were no treatment-by-time interactions for most variables (P>0.05), 
except by proportion of embryos produced (P=0.02). The Deslorelin Group presented a greater number of visualized 
follicles (40.9±4.4 vs 33.1±3.8; P=0.09), total recovered oocytes (20.6 ± 2.5 vs 16.0 ±2.0; P=0.07), viable oocytes 
(16.0 ± 2.2 vs 11.8 ±1.8; P=0.07), proportion of viable oocytes (76.5±2.7 vs 69.1±2.6; P=0.03), cleaved embryos 
(10.0 ± 1.6 vs 6.9 ± 1.3; P=0.07) and proportion of cleaved embryos (62.1% vs 59.1%; P=0.3) compared to Control 
Group. In contrast, there was no effect of treatment in terms of number of produced embryos per OPU session 
(3.44 vs 3.28; P=0.44). In addition, there was a significant effect of time for number of visualized follicles (P=0.01), 
total recovered oocytes (P=0.05), viable oocytes (P=0.08), proportion of viable oocytes (P=0.006), cleaved embryos 
(P=0.07) and proportion of cleaved embryos (P<0.0001). However, there was no difference (P=0.18) in number of 
embryos produced per OPU session throughout the time. Interestingly, cows in Control Group had greater (P=0.02) 
proportion of produced embryos at Day 90 (57.5%) and Day 120 (31.9%) compared to cows in Deslorelin Group 
(90d: 22.0 and 120d: 11.2). In conclusion, these results suggest that the sustained use of a GnRH agonist can 
increase the number of visualized follicles in the ovaries as well as the total amount of retrieved oocytes and viable 
oocytes per OPU session. Nevertheless, long-term use of a GnRH agonist may reduce the proportion of viable 
embryos produced. 
 
Acknowledgments: IZ Sertãozinho, Sexing Technologies, The University of Sydney. 
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The efficiency of in vitro production of bovine embryos (PIV) depends, largely, of the quality of the gametes used to 
carry out the process (De Wit et al. 2000, J Anim Sci, 78, 1277-283). On each session of follicular aspiration (OPU), 
a heterogeneous population of oocytes, with different developmental capacity after in vitro fertilization (IVF), is 
obtained. It is postulated that the quality of the oocytes depends of the quality of follicles in which they are 
developed (Lonergan and Fair, 2008, Theriogenology, 69, 17-22). However, the full identity of the factors that 
regulate the follicular and/or oocyte quality is not yet known. This study aimed to evaluate the effect of the ovarian 
ciclicity of cows on quality and nuclear competence of oocytes submitted to in vitro maturation. Ovaries were 
obtained from local slaughterhouses in pairs belonging to the same animal and classified into three experimental 
groups: 1) with corpus luteum (CL+); 2) without corpus luteum from cows with cyclic sexual activity (CL-); 3) 
ovaries from cows in anestrus (NCL). After follicular aspiration, the cumulus-oocytes complex (COCs) were 
classified into four quality grades, depending on their morphological characteristics (Leifried and First, 1979, J 
Anim Sci, 48, 76-83). Afterwards, groups of 20 oocytes (360/experimental group), classified as grade 1 and 2, were 
cultivated for 24 hours at 38.5 ° C and 5 % CO2, in 100 µL of maturation medium (TCM-199/SFB). Nuclear 
maturation was assessed by orcein 2 % at 7, 14 and 24 h of culture. Results were assessed by t-test and means were 
compared using Tukey test at 5 % probability. No differences (P>0.05) were observed in the quality of oocytes 
retrieved in the different grades of classification evaluated (21.6±2.6, 23.3 ± 2.5 and 24.3±3.5 in grade 1; 22.3±1.7, 
27.7±2.4 and 24.7±3.8 in grade 2; 25.9±2.8, 25.6±2.0 and 21.9±2.7 in grade 3; 30.1±2.7, 23.2±3.2 and 28.3±4.5 in 
grade 4, for CL+, CL- and NCL, respectively). At 14 h of culture there was a greater (P<0.05) rate of oocytes at MI 
stage in the group CL+ in relation to NCL (73.3±5.4 vs 56.2 ± 9.6). However, the proportion of oocytes that reached 
the MII stage at 24 h of culture was lower (P<0.05) in CL+ group compared to the CL- group (45.6 ± 2.3 vs 
73.2±6.4). In conclusion, these results suggest that the ovarian activity of cows has no effect on the morphological 
quality of COCs retrieved. The presence of the corpus luteum decreases the ability of immature oocytes to reach the 
MII stage at 24 h of in vitro culture. 
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In the in vitro production (IVP) of embryos, the diameter of the follicles from which oocytes are obtained and the 
time of the onset of the first cleavage possibly affect oocyte competence and early embryonic development. The aim 
of the present study was to investigate the developmental potential of early-, intermediate- and late-cleaving bovine 
blastocysts after fertilization of oocytes from follicles up to 2 mm and from 4 to 8 mm diameter. Ovaries (n = 991) 
from Bos indicus cows were obtained from a local slaughterhouse. From the selected oocytes, 699 from the ≤ 2 mm 
Group and 639 from the 4-8 mm Group were subjected to in vitro maturation and fertilization. The embryos were 
cultured and the onset of the rate of cleavage was evaluated, originating the early- (≤ 28 h after IVF), intermediate- 
(28-34h after IVF) and late-cleavage groups (34-54 h after IVF). The blastocyst rate was also assessed. Cleavage 
and blastocyst rates were compared by a logistic regression test, with a significance level of 5%. Cleavage rates 
were higher (P < 0.05) in the late cleavage groups when compared to the early cleavage ones, for both 4-8 mm 
follicles (4-8 mm late: 30% vs. 4-8 mm early: 19%), and ≤ 2 mm follicles (≤ 2 mm late: 33.8% vs. ≤ 2 mm early: 
16.6%). Cleavage rate of the intermediate cleavage group was higher (P < 0.05) in embryos derived from follicles of 
4-8 mm (28.4%) than ≤ 2 mm follicles (21.5%). The blastocyst rates of the 4-8 mm follicles (36.3%; 161/444) were 
higher than ≤ 2 mm follicles (22.9%; 111/485; P < 0.05) and the rates of the groups of early and intermediate 
cleavage (45.3%; 100/221; and 38.3%; 118/308; vs. 13.5%; 54/400; of the late cleavage group, P < 0.05). In 
conclusion, higher rates of blastocyst were obtained from embryos that cleave up to 34 h post-fertilization and from 
embryos derived from follicles of 4-8 mm of diameter, indicating a higher development competence of the embryo 
pre-implantation stage. 
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The bovine embryos produced in vitro (IVP) are more sensitive to freezing, due in part to the accumulation of lipid 
droplets in the cytoplasm of embryonic cells. Moreover, the success of embryo cryopreservation PIV is fundamental 
to the development of marketing of genetic material in domestic and foreign markets. In this study, two experiments 
were conducted: in the first, the aim was to evaluate the hatching rate of bovine embryos vitrified IVP in the 
expanded blastocyst (Bx) stage using the methodology OPS (“open pulled straw”) with the use of ethylene glycol 
solutions (EG) + Dimethyl Sulfoxide (DMSO), at increasing concentrations, Treatment 1: 5% and 10%, Treatment 
2: 10%and 20% and Treatment 3: 15% and 25%, associated with 1M glucose. The second experiment was aimed to 
determine the hatching rate of bovine IVP embryos, vitrified BX on stage with the use of solutions with increasing 
concentrations of ethylene glycol (EG ) + Dimethyl sulfoxide (DMSO), Treatment 1, 5% and 10%, and 10% 
Treatment 2, and Treatment 3, 20% 15% and 25 %, associated with 1M of sucrose. In experiment 1, the hatching 
rate of the embryos unglazed group (G3) was 72% higher (P<0.05) for vitrified groups, which showed hatching rates 
of 0% (Treatment 1), 0% (Treatment 2) and 23% (Treatment 3). In experiment 2, the hatching rate of the embryos 
unglazed group was 76% higher (P<0.05) for vitrified groups, which showed hatching rates of 0% (Treatment 1), 
0% (Treatment 2) and 70% (Treatment 3). Among the vitrified groups, embryos from Experiment 2 Treatment 3 
using the combination of 15% and 25% EG and 1M Sucrose DMSO had higher hatching rate (P<0.05). Therefore, it 
is concluded that EG + DMSO solutions at higher concentrations associated with 1M solution of sucrose showed 
good results in vitrification and can thus improve cryotolerance of embryos. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE), August 14 to 17th, 
2014, Natal, RN, Brazil. Abstracts. 

 

418 Anim. Reprod., v.11, n.3, p.418, Jul./Sept. 2014 

A138  OPU-IVP and ET  
 
Gene expression of GREM1, PTGS2 and PFKP in bovine cumulus cells from in vivo or in 

vitro matured oocytes supplemented with different macromolecules 
 

F.N. Marqui1, D.G. Souza1, A.V.B. Nogueira1, S.C.T. Frasnelli1, A. Martins Jr1,  
M.J. Sudano2, E. Oba1 

 
1UNESP; 2UNIPAMPA. 

 
 
Keywords: cumulus cells, gene expression, in vitro maturation. 
 
Gene expression of GREM1, PTGS2 and PFKP in cumulus cells (CCs) can be identified in oocytes with high 
potential for in vitro development. Therefore, this study was designed to quantify the transcripts of these genes from 
bovine oocytes in vivo  matured (IVOM) or cultured in in vitro maturation (IVM) medium, supplemented with 
different macromolecules. Ovaries obtained at slaughterhouse had their follicles (2 to 7 mm in diameter) punctured 
and the cumulus-oocyte complexes (COCs) divided in two groups: control group (immature oocytes) and IVM 
group. All reagents were purchased from Sigma-Aldrich (St. Louis, USA), unless otherwise specified. The COCs 
were washed and selected in PBS medium plus 10% FCS (Nutricell®, Campinas, Brazil). For the IVM, groups of 
20-25 oocytes were cultured in Medium 199, supplemented with sodium bicarbonate, sodium pyruvate, penicillin, 
FSH and LH (Lutropin®, Bioniche Inc., Canada), estradiol, cisteamine and 10% FCS, 4 mg/ml BSA or 1 mg/ml 
PVA, at 38.8º C, under humidify atmosphere, 5% CO2, in air, for 24 h. For the IVOM, ten Nelore donor cows were 
synchronized (D0) using intravaginal progesterone device (Primer®, Tecnopec, Brazil) and estradiol benzoate 
(Sincrocio®, Ourofino, Brazil). On the days 4, 5 and 6 the animals received 180 mg of FSH (Folltropin-V®, 
Bioniche Inc., Canada), in six decreasing doses, and on D6 cloprostenol sodium (Ciosin®, MSD, Brazil) was 
administered. On D7 the progesterone device was removed and ovulation was induced with gonadorelin (Fertagyl®, 
Intervet, Brazil). The COCs were obtained through OPU, 19-20 h after receiving gonadorelin. The CCs were 
removed by several pipetting in PBS medium with 0.1% hyaluronidase. Then, droplets containing only CCs were 
centrifuged (3,355 x g/10 min) and frozen in total RNA extraction medium. Gene expression was investigated by 
quantitative RT-PCR, normalized by GAPDH constitutive gene. The results were analyzed using ANOVA and 
Tukey’s test, with P<0.05 taken as significant. The amount of transcripts for the gene GREM1 was higher (P<0.05) 
in CCs obtained from IVOM than for immature oocytes or IVM groups. The CCs of immature oocytes or 
IVM + PVA showed lower abundance of transcripts for PTGS2, when compared with CCs recovered from IVOM. 
There was no statistical difference among the IVM groups for the gene PFKP, however, lower expression was found 
in CCs obtained from immature oocytes in comparison with oocytes derived from IVOM. Thus, it be concluded, that 
gene expression of GREM1, PTGS2 and PFKP in CCs, under the experimental conditions, was not altered by the 
addition of different macromolecules in IVM medium, however, a higher expression of GREM1 in CCs recovered 
from IVOM suggests further researches addressed to establish more efficient medium and/or IVM conditions to 
improve oocyte competence. 
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The objective of this study was to evaluate cervix relaxation with or without estradiol aiming to collect embryo by 
non-surgical technique in Santa Inês ewes. A total of 24 pluriparous ewes had estrus induced by intravaginal 
sponges (60mg MAP, Progespon®, Syntex, Buenos Aires, Argentina) for six day plus 200IU eCG (Novormon 
5000®, Syntex, Buenos Aires, Argentina) i.m. and 37.5µg d-cloprostenol (Prolise®, ARSA S.R.L., Buenos Aires, 
Argentina) latero-vulvar, 24h before sponge removal. The ewes were monitored for estrus detection from sponge 
removal at 12h interval end bred with fertile rams. Twelve hours after estrous onset, with the aid of Allis forceps, 
cervix were immobilized for traction and a HEGAR dilator was inserted into cervical ostiun to check the facility of 
transposing. After this, ewes were equally shared between to treatments according to body condition score and 
cervical transposing to be subjected to transcervical uterine flushing seven days after estrous onset. In Group (n=12; 
6 ewes with cervical transposing), ewes received 37.5 µg d-cloprostenol latero-vulvar and 1mg estradiol benzoate 
(Estrogin®, São Paulo, Brazil) i.m. 16h before uterine flushing and 50 IU oxytocin (Ocitocina Forte UCB®, São 
Paulo, Brazil) i.v. 20min before uterine flushing. In Group 2 (n-12; 5 ewes with cervical transposition at estrus), 
ewes received the same treatment of the G1 but changing estradiol for 1 mL saline. Qualitative variables were 
analyzed by qui-square and the quantitative analysis of variance to check differences between treatments with means 
tested by t-test (5%, SAEG®). Parameters evaluated were similar for both groups (P>0.05). Estrous response was 
100%. The interval from sponge removal to estrous onset and duration of estrus were 41.5±8.6 and 36.0±10.6 h, 
respectively. Cervical transposing at estrus was 46% (11/24). Successful uterine flushing was performed in 33% G1 
(4/12) and 25% G2 (3/12) ewes. In successful and non-successful uterine flushed ewes 6.0±1.1 and 3.3±1.6 cervical 
rings were transposed, respectively. All G2 flushed had cervical transposing at estrus. Two successful uterine 
flushed G1 ewes had no cervical transposing at estrus. The efficiency of uterine flushing (liquid injected / recovered) 
was 94%. Embryo recovery varies from 0 to 3 structures (1.0±1.1) per flushing. With this study it is concluded that 
the technique of transcervical collection closed loop is possible in sheep because has satisfactory rate of washing 
performance. Studies with other agents for cervical relaxation are encouraged. 
 
Financial support: (Embrapa / Project 03.12.01.031.00). 
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This research evaluates the influence of the rubber piston syringe used in follicular puncture for production and 
survival of embryos produced by in vitro fertilization (IVF). The oocytes were obtained from sheep ovaries from 
slaughterhouses. In this case 195 follicles> 1 mm and <2mm of 65 ovaries were aspirated. The ovaries (n = 30) with 
punctured rubber piston syringe form the group 1 and the remainder (n = 35) was aspirated with a plastic syringe 
plunger, characterized the group 2. Oocytes were classified according to the presence of the cumulus oophorus cells 
(CCO) in: a) totally surrounded by CCO, b) partially surrounded by CCO, or c) undressed. A total of 42 oocytes was 
obtained, with an average of 0.69 oocytes per ovary, or 0.23 oocytes by puncturing. Only 32 oocytes classified as a) 
and b) were used for IVF. Was used for the maturation TCM199 medium (GIBCO, USA) with the addition of 20% 
sheep serum in heat inactivated (HISS) and antibiotics (penicillin, streptomycin, amphotericin, Cat 5245AE-600 
(GIBCO, USA) in an atmosphere with 5% CO2 in air 38.5° C. The Semen was trained in Ovidutal Synthetic Fluid 
(SOF Tervit, HJRF'72, 30, 493-497), supplemented with 20% HISS 5 hours in a sealed tube at 38 ° C. From the 
Group 1) were in total 15 oocytes, 11 type a) and type b 4). In Group 2) a total of 17 oocytes, 16 of the type a) and 
type 1 b) were obtained. The techniques and methods used for maturation, fertilization and culture were similar to 
group 1) and Group 2). After fertilization presumptive zygotes were cultured for 96 hours in an oven, under the 
same conditions of IVM. After 48h of IVF the group 1) showed 4 morulae and 5 two-cell embryos, and 6 
unfertilized oocytes; Group 2) produced 5 morulae, 3 two-cell embryos and 9 unfertilized oocytes. After 96 hours 
post-IVF the Group 1) showed 2 blastocysts, 2 morulae and 5 embryos at the two-cell stage. However, the Group 2) 
did not develop the embryos and 5 morulae and 3 embryos in two cell stage showed signs of cytoplasmic 
degeneration and retraction of blastomeres. The results were analyzed by the method of differences between 
proportions, that for the production of embryos in the first 48 hours post-fertilization there were no significant 
differences between the two methods, however, there were differences with respect to embryo survival after 96 h 
after IVF (P = 0.08). Thus, there was no difference in embryonic development until 48 hours after IVF, comparing 
the use of syringe plunger with plastic or rubber for the recovery of sheep oocytes. However, 96 hours after IVF 
embryos produced from oocytes retrieved puncture using syringe plunger stop the development and showed signs of 
degeneration of blastomeres. 
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The present study aimed to determine the influence of donor age and weather season on oocyte retrieval and 
blastocyst production using sexed or conventional semen. Data were obtained from a commercial program of Nelore 
embryos. A total of 12 Nelore donors (Bos taurus indicus), aged 3-17 years was used in 198 sessions of follicular 
aspiration, being on average 16 OPU per cow with 57 days of interval. The overall average of blastocyst by 
aspirated oocytes was 38.3% per OPU. To determine the influence of age on oocytes and blastocysts we performed 
Pearson correlation analysis. To determine the influence of seasons (autumn-winter or spring-summer) and type of 
semen used (sexed and non-sexed) we used the unpaired t test. For all comparisons, we adopted a 5% level of 
significance. The age of the donor interfered significantly on the number of oocytes and blastocysts. There was a 
negative correlation (p <0.05) between age and number of oocytes (r = -0.7535) and number of blastocysts (r = -0.6943). 
Perhaps the decrease of blastocyst production with advancing age of the donor is due to lower oocyte recovery and 
not by the lower competence of oocytes, because there was no correlation (p> 0.05) between age and oocyte 
competence (% blastocysts). A higher (p <0.05) blastocyst production in spring-summer (42.58 ± 13.47) was 
observed, in comparison to autumn-winter (33.75 ± 9.10). The use of sexed semen in IVF reduced (p <0.05) the rate 
of blastocyst production when compared to the non-sexed semen (26.08 ± 17.44 vs 39.91 ± 10.92, respectively). In 
summary, we observed a lower oocyte recovery with increasing age of the donor. The seasons and the type of semen 
influenced blastocyst production. The best results occurred during spring-summer using non-sexed semen. 
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This study was conducted to evaluate the effects of supplementation with different concentrations of linolenic acid 
(ALA) during IVM of bovine oocytes, in the presence of FCS or BSA, on the intracytoplasmic lipid accumulation, 
nuclear maturation and subsequent embryo development in vitro. COC’s were IVM during 22h at 38.5 °C and 5% 
CO2 in air, in TCM-199 medium with bicarbonate, hormones and macromolecules (10% FCS or 0.6% BSA, Control 
FCS and Control BSA groups, respectively). According to the treatments, the medium was supplemented with 10 
(ALA 10 FCS or BSA), 50 (ALA 50 FCS or BSA) or 100 µM ALA (ALA 100 FCS or BSA). For determination of 
the relative amount of lipid content, immature oocytes (n=232) and IVM (n=656) were stained with Sudan Black B, 
a lipophilic dye, and examined by light microscopy. After grayscale conversion, oocytes were delimited to 
determine the area and the average intensity (pixels) were analyzed by Q-Capture Pro image software. For 
determination of the nuclear maturation rate (n=1061), oocytes were stained with Hoechst 33342 and evaluated 
under a fluorescence microscope (404nm excitation and 526nm emission) to determine the percentage of mature 
oocytes (metaphase II). A sample of COC’s (n=1332), IVM in the same conditions above described, was subjected 
to IVF and the zygotes were IVC in SOFaa media at 38.5 °C and 5% CO2 in air, for 7 days. Development rates until 
blastocyst stage (Bl) were evaluated at 168 hpi. The statistical model was a complete factorial, including the effect 
of the culture media supplement, ALA concentration and interactions. The averages were compared by Tukey’s test 
(P<0.05). As there was no significant interactions (P>0.05) in the nuclear maturation and embryonic development 
analysis, only the main effects were presented as least squares means (LSM) ± standard error mean. The relative 
lipid content was 178.4±3.3 in immature oocytes, which was increased (P<0.05) after IVM in groups Control FCS 
(218.0±4.8), ALA 10 FCS (198.8±3.9), ALA 50 SCB (199.7±5.5), ALA 10 BSA (201.3±3.7) and ALA 50 BSA 
(205.1±3.9), but remained similar to immature oocytes (P>0.05) in the groups ALA 100 FCS (186.6±4.9), Control 
BSA (197.7±4.5) and ALA 100 BSA (187.8±4.6). Nuclear maturation rates were not affected by the macromolecule 
(BSA: 72.2±2.5 and FCS: 74.8±2.5) or by ALA concentrations (ALA 0: 75.5±3.5, ALA 10: 73.4±3.5, ALA 50: 
75.2±3.5 and ALA 100: 70.0±3.5). Bl production rates were affected (P<0.05) by the macromolecule (BSA: 
29.0±2.6 and FCS: 39.3±2.6), but were not affected (P>0.05) by ALA concentration (ALA 0: 32.3±3.7, ALA 10: 
33.0±3.7, ALA 50: 32.2±3.7 and ALA 100: 39.2±3.7). The supplementation with 100 µM ALA in IVM medium 
supplemented with FCS or BSA resulted in reduction of the intracytoplasmic lipid accumulation in bovine oocytes. 
However, this supplementation did not influence the oocyte nuclear maturation and the subsequent embryonic 
development. 
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The aim of this study was to investigate the effect of the breed composition on the quality of oocytes obtained from 
Gyr and Holstein crossbred donors used in embryo IVP system. Crossbred cows were assigned to two groups: Gh 
(lower Holstein composition, between 40.2 and 46.6%; n=10) and Hg (higher Holstein composition, between 71.4 
and 87.5%; n=10). Donors were subjected to ultrasound guided ovum pick up (n=10 OPU sessions per group) 
performed by the same technician in which cumulus-oocyte complexes were collected and classified 
morphologically (according to number of layers of cumulus cells and homogeneous cytoplasm) in Grades I, II, III 
and nonviable. The evaluated parameters compared between groups were: mean number of GI, GII, GIII, and total 
oocytes obtained per procedure, viable oocyte rate, oocyte recovered rate, mean number of follicles between 2 and 8 
mm detected and number of follicles detected at right and left ovary. Means were compared between groups using 
Student T test and the rate of viable and recovered oocytes by Chi-square test. Statistical analysis was performed 
using GraphPad Instat 3 software, considering the significance level of 5%. 474 COCs (294 for the Gh group and 
180 for the Hg group) were collected. No significant differences (p>0.05) between groups Gh and Hg, respectively, 
were observed for the mean number of GI (0.1 ± 0.32 vs. 0.1 ± 0.32), GII (1.9 ± 1.73 vs. 0.9 ± 1.60), and GIII 
(7.2 ± 4.52 vs. 4 ± 3.83) oocytes, mean viable oocytes (9.2 ± 5.92 vs. 5 ± 5.08), rate of viable oocytes (31.94 vs. 
27.78%), mean of visualized follicles in the right ovary (16.9 ± 5.30 vs. 13.3 ± 4.69) and left ovary (12.5 ± 6.15 vs. 
11.5 ± 6.08), and recovered oocyte rate (128.41% vs. 109.27%). Regarding the number of 2-8mm detected follicles, 
a difference (p<0.05) between Gh (22.6 ± 6.22) and Hg (15.4 ± 5.42) groups was observed. We conclude that no 
differences were detected in most characteristics, except on the average of 2-8mm follicles, which was increased in 
donors with lower Holstein composition. It is possible that the high rate of recovered oocytes for both Hg and Gh 
groups are due to puncture of follicles smaller than 2 mm, which ultrasonographic visualization is difficult due to 
technical limitations. Therefore, the results suggest that the degree of Holstein breed do not affect the quality or 
retrieval of oocytes from crossbred donors, considering the parameters and breed compositions evaluated, however, 
we observed a positive effect of Gyr breed on visualized follicular population. 
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Several groups have reported the occurrence of a positive effect of FSH stimulation prior to OPU on the quality of 
oocytes recovered and developmental competence of oocytes.  However, there are still some questions regarding the 
best protocol using FSH for this purpose, because there is huge variation in the number and time of FSH 
applications, and the interval between the last application of FSH and the OPU (Coasting period) . In this context, it 
is worth noting that in addition to stimulating the growth of a group of follicles to the diameter of > 5 mm, the 
coasting period appears to be essential for the acquisition of oocyte competence (BLONDIN et al., Theriogenology, 
v.48, p.803–813, 1997). The hypothesis of this study is that the use of 200 mg FSH split into 4 or 6 doses in non-
lactating Holstein cows with synchronized follicular wave emergence, increases the number of recovered and viable 
oocytes, and the number of embryos IVP. Thirty six Holstein cows used as oocyte donors were homogenously 
allocated to one of three treatment groups in a 3x3 Latin square design: Control (C); 4 doses of FHS (F4); 6 doses of 
FSH (F6). All cows were synchronized using the same protocol for synchronization of follicular wave emergence, 
except for the administration and number of doses of FSH as previously described. At random days of the estrous 
cycle (D0), all cows received an intravaginal P4 device (Primer®, Tecnopec-Agener União, São Paulo, Brazil) and 
2mg estradiol benzoate (Ric-BE®, Tecnopec-Agener União). Three days after (D3), all cows received 0.150 mg D-
Cloprostenol (Prolise®, Tecnopec-Agener União). Cow from Control group received no additional treatment. Cows 
form group F4 were treated with 200 mg FSH split in 4 doses of similar concentration given approximately 12 h 
apart, starting on D4 AM. Cows form group F6 were treated with 200 mg FSH split in 6 doses of similar 
concentration given approximately 12 h apart, starting on D3 AM On D7, the device was removed and OPU was 
done concomitant with antral follicle count in each ovary. The oocytes considered as viable were sent to IVEP. Data 
was analyzed Shapiro Wilk test and Analysis of Variance was undertaken using the PROC MIXED of SAS 9.3, using 
orthogonal contrasts C1 (C x Treatment with FSH) and C2 (F4 x F6). There was no difference between groups in the 
embryo conversion rate (μ = 25.01 ± 1.92; P = 0.50) and the number of viable embryos (μ = 32.23 ± 2.76, P = 0.89). 
However, when the cows were treated with F4 greater number of oocytes were retrieved (19.22 ± 1.98 vs 16.44 ± 1.58; 
P = 0.04), and greater number of viable oocytes (13.36 ± 1.49 vs 10.97 ± 1.29, P = 0.03) and oocytes sent for in vitro 
culture (15.72 ± 1.64 vs 13.25 ± 1.46; P = 0.04) were observed compared to F6. Thus, the use of 200 mg FSH split 
in 4 doses may increase the number of oocytes retrieved from OPU and sent for in vitro culture. 
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Some studies suggest that the enzyme paraoxonase 1 (PON1) may exert an antioxidant effect on cell membranes. 
Therefore, it could improve oocyte competence by minimizing oxidative stress. The aim of this study was to 
evaluate the effect of different levels of PON1 added to the IVM medium on both cleavage and blastocyst rates at 
D2 and D7 post IVF. Biotecnologia Animal® provided the media used for IVP (Brazilia, DF, Brazil). In 8 replicates, a 
total of 1600 cumulus oocyte complexes (COCs) were collected from bovine abattoir-derived ovaries and randomly 
divided into four groups of 50: T0 = 0.0 mg/mL, T1 = 0.02 mg/mL, T2 = 0.04 mg/mL and T3= 0.08 mg/mL of 
recombinant PON1 (Chesapeake PERL Inc., Savage, USA). Maturation of COCs took place in an incubator with 5% 
CO2 at 39˚C for 24 hours. To analyze the activity of PON1 at IVM, 15 µL of media were collected at times 0 and 
24 h of maturation. Sperm were recovered by minipercoll density gradient centrifugation and IVF wells were 
inseminated at a concentration of 1x106 sperm/mL. After 18 hours, presumptive zygotes were cultured for 7 days in 
SOFaa with FCS under controlled conditions (5% CO2, 5 % O2 and 90% N2 at 39˚C). Statistical analysis was 
performed using the GLM procedure of SAS software (SAS Institute, Cary, NC, USA) to account for possible 
linear, quadratic and cubic effects of exogenous PON1 on enzyme activity, cleavage and blastocyst rates. Any effect 
between level of PON1 activity and the blastocyst rate was accounted by Pearson correlation test. There was a linear 
effect for average activity of PON1 in IVM medium, which was 2.1 ± 2, 15.2 ± 2, 28.5 ± 2 and 52.4 ± 2 U/mL for 
T0, T1, T2 and T3, respectively (P<0.0001). There was no effect of PON1 on cleavage rate (81.7%, 85.1%, 81.0%, 
82.5 %, for T0, T1, T2 and T3 respectively; P > 0.05). However, adding PON1 to IVM medium improved linearly 
embryo development by D7 as shown: 22.1% (T0), 29.2% (T1), 32.6% (T3) and 34.4% (T4) (P < 0.0001). 
Moreover the latter effect was supported by a positive correlation between the level of PON1 in the IVM media and 
blastocyst rate at D7 (r = 0.35 and P = 0.04). In sum, PON1 supplementation has a positive effect on the bovine 
embryo development, possible via improved in vitro maturation. 
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In vitro embryo production is an important technology and many studies have been made to improve its efficiency. 
The aim of this study was to analyze the influence of follicular wave synchronization on embryo production. The 
experiment was conducted at Estancia Olho D' agua in Mandaguaçu - PR from January and November 2012. 
Twenty Nelore cows (approximately 450 kg) were randomly assigned into one of two treatments: T1 - Control 
(n=10) and T2 - Synchronization of follicular wave (n=10). Animals in T2 received an ear implant containing 
3.0 mg norgestomet (Crestar) on Day 0, 2.0 mg of estradiol benzoate (Estrogin) and 500 μg of PGF2α (Ciosin®). 
Five days later, follicles were aspirated using an ultrasound (Mindray DP2200) and a 5MHz convex probe coupled 
to a 18G (Jelcor) needle and vacuum pump (cook - 75 mm Hg). After each aspiration, oocytes were selected 
according to their morphology and immediately sent to the laboratory where they were submitted to in vitro 
maturation (IVM), fertilization (IVF) and culture (IVC). For data analysis, the SAS software was used, applying the 
procedure for generalized linear models (PROC GENMOD) with Poisson distribution and identity link function. 
Eight follicular aspirations in each animal were performed every 21 days. After each section, the animals were 
allocated to the other treatment in the following procedure. Thus a total of 160 follicular aspirations was performed. 
The total number of oocytes (T1: 18.46 ± 0.46, T2: 20.85 ± 0.49, p < 0.0005), viable oocytes (T1: 12.10 ± 0.37, T2: 
13.14 ± 0.39, p < 0.06) and rate of embryo development (T1: 39.08 ± 0.68 %, T2: 43.25 ± 0.71 %, p < 0.0001) were 
higher in animals submitted to follicular wave synchronization before follicular aspiration, compared to those who 
were aspirated without synchronization. In conclusion, follicular wave synchronization is a viable alternative to 
increase embryo production in Nelore cows. 
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Biotechnologies as OPU-IVEP have been widely used to achieve faster genetic improvement in herds, diminishing 
the generation intervals. However, the OPU-IVEP is still poorly efficient in high-producing dairy cattle, especially 
because of their reduced follicular population. Several studies have shown a positive effect of FSH in dairy and beef 
cattle when given 48 to 72 h before OPU. In this basis, the hypothesis of this study is that the use of 200mg FSH 
divided in 4 or 6 doses in non-lactating Holstein cows with synchronized follicular wave emergence increases the 
number of follicles, the recovery rate and the number of embryos produced in vitro. Thirty six non lactating Holstein 
cows used as oocyte donors were homogenously allocated to one of three treatment groups in a 3x3 Latin square 
design: Control (C); 4 doses of FHS (F4); 6 doses of FSH (F6). All cows were synchronized using the same protocol 
for synchronization of follicular wave emergence, except for the administration and number of doses of FSH as 
previously described. At random days of the estrous cycle known as D0, all cows received an intravaginal P4 device 
(Primer®, Tecnopec-Agener União, São Paulo, SP, Brazil) and 2 mg estradiol benzoate  (Ric-BE®, Tecnopec-
Agener União, São Paulo, SP, Brazil). Three days after (D3), all cows received 0.530 mg Sodium Cloprostenol 
(Cioprostin®, Innovare Biotecnologia e Saúde Animal Ltda, Monte Aprazível, SP, Brazil). Induction of luteolysis 
was performed in order to afford more stroma space for follicular growth and facilitate the visualization of follicles 
during the OPU. Cow from Control group received no additional treatment. Cows form group F4 were treated with 
200 mg FSH (Folltropin®, Bioniche Animal Health, Belleville, Ontário, Canada) divided in 4 doses of similar 
concentration given approximately 12 h apart, starting on D4 AM. Cows form group F6 were treated with 200 mg 
FSH divided in 6 doses of similar concentration given approximately 12 h apart, starting on D3 AM On D7, the 
device was removed and OPU was done concomitant with antral follicle count in each ovary. The oocytes 
considered as viable were in vitro fertilized with sex-sorted frozen-thawed semen from Holstein bulls. Data was 
analyzed Shapiro Wilk test and Analysis of Variance was undertaken using the PROC MIXED of SAS 9.3, using 
orthogonal contrasts C1 (C x Treatment with FSH) and C2 (F4 x F6). Greater number of antral follicles were 
observed at OPU when cows were treated with F4 (58.8 ± 6.0) compared to F6 (50.8 ± 4.3; P = 0.02). However, 
there was no effect of FSH treatment on oocyte recovery rate (C = 35.1% vs FSH = 32.9%; P = 0.43) and number of 
embryos produced in vitro (C = 3.8 ± 0.6 vs FSH = 3.4 ± 0.5; P = 0.47). Thus, the use of 200 mg FSH divided in 4 
doses may improve the number of ovarian follicles for OPU, and should be better studied. 
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In vitro embryo production (IVEP) is characterized by a large variation of results among donors. The absolute 
efficiency of IVEP is directly related to the variation in the production of  cumulus-oocyte complexes (COC), as 
evidenced in the comparison between donors taurine and zebu breeds (Viana et al., Acta Sci Vet 39(1): 409, 2011). 
However, individual differences in embryo production rates are more complex and difficult to predict. The aim of 
this study was to evaluate the potential of the gene expression analysis of granulosa cells in co-culture as an indirect 
and noninvasive approach to explain IVEP results. Granulosa cells (GC) co-cultured with oocytes collected from Gir 
(Bos indicus) and Holstein (Bos taurus) donors were recovered and evaluated. The cell samples were allocated into 
groups according to breed (Gir or Holstein) and to blastocyst production rate (high: >50%, low: <20%), including at 
last six donors per group. The GC were recovered on the seventh day of culture and stored at -80°C with RNA later. 
RNA extraction and cDNA synthesis were performed using a commercial kit, RNeasy Micro Kit (Qiagen, Germany) 
and SuperScript III First-Stand Synthesis Supermix (Invitrogen, USA), respectively. The relative quantification of 
cDNA was performed by Real-Time PCR using the commercial kit Power SYBR Green PCR Master Mix (Applied 
Biosystems). The genes IGFR1, BAX, StAR, INHA, LHR and PRDX1 were evaluated using β-actin gene as an 
endogenous control. The results were analyzed by ANOVA and differences between groups were compared by 
Tukey’s test. Results are presented as mean ± SEM. There was an interaction between breed and blastocyst 
production rate for the PRDX1 gene, which was over-expressed in the high production Holstein group (P<0.05). 
There was no difference (P>0.05) between expression values of other genes among groups. The PRDX1 gene is 
normally expressed in response to oxidative stress, and the results suggest a greater potential for adaptation to 
culture conditions for COC from Holstein donors with higher embryo production rates. The in vitro culture of GC, 
however, may have modulated other potential differences in the expression of other genes, limiting the use of the 
model proposed here.  
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The present study aimed to compare the phospholipids profile in bovine oocytes matured in different systems. For 
the experiment four groups were used: 1) immature oocytes aspirated from slaughterhouse ovaries (CON); 2) 
immature oocytes obtained by OPU in unstimulated heifers (IMA); 3) immature oocytes obtained by OPU in 
stimulated heifers (FSH group), and 4) in vivo matured oocytes (MII). In all the groups with OPU, the ablation of 
follicles larger than 5 mm was performed, and a progesterone implant (Primer®) was also inserted on the eighth 
day, after D0. All animals remained with the implant for six days. Two days after, in FSH and MII groups, 
superovulation was initiated with 80 mg i.m. of FSH (Folltropin-V), given in decreasing doses over a four days 
period. On D12, 0.15 mg of PGF2a i.m. (Veteglan®) was injected. For IMA and FSH groups the OPU was 
performed at D13 and D14, and for the MII group, 24 hours after GnRH administration (Gestran®). Immature 
oocytes from the three immature groups CON, IMA and FSH underwet IVM in TCM -199 media supplemented 
with FCS 10% and FSH. In MII group only those COC’s with expanded cumulus cells and/or the presence of the 
first polar body were considered. Matured oocytes were denuded and stored in methanol at -80 °C. To the 
phospholipid profile determination the spectrum were obtained by mass spectrometry MALDI -TOF. Spectra with 
the ions peaks were acquired in positive/reflected mode mass spectrometry Auto Flex Speed MALDI-TOF/TOF 
(BrukerDaltonics, Germany). A total of 10-15 oocytes per group was used and the oocytes were placed individually 
in the MALDI plate. In each spectrum, after isotopic peaks exclusion, the most intense ions were considered as the 
starting point to search for the lipids corresponding values m/z. Only the m/z values that were clearly distinct from 
the noise level were included in the principal component analysis (PCA). After identifying in the PCA the ions 
responsible for most variation between treatments, the relative intensities of these molecular components were 
submitted to an ANOVA and the means were compared by Tukey test (P<0.05). The PCA analysis identified 
clusters of ions 640.6; 760.6 and 782.6 m/z as the most dispersed (P<0.05). However, in the ANOVA, only the 
cluster of 760.6 m/z corresponding ion, probably a phosphatidylcholine [PC (34:1) + H] + was more abundant 
(P<0.05) in oocytes of FSH group, compared to oocytes from MII group. Despite this punctual difference observed, 
the results indicate that the different maturation systems do not alters the oocyte phospholipids profile. 
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The aim of this study was to evaluate the viability of in vitro produced embryos, transported for a long distance 
(1600 km), and cultivated for 24, 48 and 72 hours in portable incubators. This methodology makes IVP viable in 
places far way from laboratories and also when recipient and donors are far from each other. Seventy Gir embryo 
donors had their oocytes recovered by OPU, and Nelore and Nelore/Caracu crossed heifers were used as recipient. 
Following the selection, oocytes were stored in loked identified cryotubes, maintened in oocytes transporters with 
temperature control at 38.0ºC and taken to the IVF lab. Embryos were transferred to recipient on day seven 
postfertilization. In that way, they were transported at days 6, 5 and 4 from fertilization. All oocytes were fertilized 
with sexed semen. Embryos were placed in cryotubes, identified with the number of donar and transported into 
portable incubators, having control of CO2, temperature of 38.8ºC and gas exchanges occurring every 4 hours. 
Pregnancy diagnosis was performed at days 30 and 60 after embryo transfer. In the statistical analysis, a test of 
nonparametric binomial test of two proportions was carried out, with 5% significance, in order to determine the 
occurrence of differences in blastocyst production rates and pregnancy rates of embryos transported in cultivation 
for 24, 48 and 72 hours.  Blastocysts production rate was 18.19%, 22.28% and 22.72% in cultivations for 24, 48 and 
72 hours, respectively.  24-hour cultivation statisticaly reduce blastocyst formation (P < 0.05). Results of conception 
rate at 30 and 60 days were similar in all days of embryo culture, with rates of 44.51%, 42.82% and 44.66% at 30 
days after embryo transfer, for 24, 48 and 72 hours of culture, respectively, and 41.12%, 40.99% and 42.42% at 60 
days after embryo transfer, for the 24, 48 and 72 hours of culture, respectively. The pregnancy loss at 60 days in the 
24, 48 and 72 hours of cultivation was the 7.62%, 4.27% and 5.03%, respectively. Long distance transportation and 
embryo cultivation for 24, 48 or 27 hours prior to transfer, in portable incubators, is viable considering the 
conception rates. However, the blastocyst production rate was lower when the culture occurred for 24 hours. 
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The purpose of the present experiment was to establish in recipients of bovine embryos (n = 235), if the correlation 
between plasma concentrations of cortisol and P4 (mean ± standard deviation) has an influence on reproductive 
performance. Based on the simplification of the P36 protocol for TETF, protocols were developed as follows: on a 
random day of the estrous cycle (D0), each cow received 1 g of P4 trough a P4 intravaginal release device and 2.5 mg 
estradiol benzoate (BE) intramuscularly (IM). At D8 the P4 device was withdraw and 150μg D-cloprostenol 
(PGF2a), 400 IU of eCG and 1mg of BE were intramuscularly administered. On D16 blood samples were collected 
by venipuncture of the coccygeal vein and each cow received a transferred embryo (blastocyst, grade 1 or 2) after 
CL localization by U.S. (Aloka SSD 500, Aloka, Japan). At D41, diagnosis of gestation was made (DG) and 
repeated on D71, for confirmation of pregnancy or embryonic loss. Reproductive activity conditions adopted were: 
"respond to the hormonal synchronization protocol (Resp. P.)" and "did not respond to hormonal synchronization 
protocol (N.resp. P.)". Still, in the group (Resp. P.), the subdivisions "respond and are not pregnant (Resp. PNE.)" 
and "respond and are pregnant (Resp. PE.)" were settled. The absence of CL in the D16 classified the recipient as 
"did not respond to hormonal synchronization protocol (N.resp. P)". Plasma levels of cortisol and progesterone were 
estimated by radioimmunoassay (RIA) in solid phase. For correlations we used the Pearson correlation at a 
significance level of 5%. The means were analyzed by Student's t test at a significance level of 5%. The respective 
plasma concentrations of cortisol and P4 did not differ statistically (p> 0.05) between pregnant and/or non pregnant 
cows, but a positive correlation (p <0.05) was observed between them. The "N.Resp. P." group, because of the 
absence of CL, presented lower plasma P4 concentration (p <0.05) compared to the "Resp. P." group. A similar 
response was observed regarding the behavior of cortisol, which kept the difference among their means (p <0.05) 
between pregnant and non-pregnant recipients. So the correlation between cortisol and P4 was not observed in group 
"N.Resp". The plasma concentrations of cortisol observed, presumably interfered with the responsiveness of the 
cows to the TETF protocols. It was found, therefore, a correlation between cortisol and P4 for the animals that 
responded to the protocol, which was kept in groups Resp. PNE. and Resp. PE. 
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All the mRNA mobilized during oocyte maturation, fertilization and early embryogenesis is transcribed in oocytes 
kept at germinal vesicle (GV). With the meiotic resumption, which occurs spontaneously in COCs destined to IVP, 
this transcriptional activity is interrupted. So, this study aimed to determine if the arrest of sheep oocytes at GV, 
using roscovitine, favors the transcription of essential genes to competence acquisition. For this, COCs grade 1 and 
2 were cultured, for 6 hours, in a maturation medium consisting of TCM199, cysteamine, pyruvate, penicillin and 
fetal bovine serum (control) plus 75μM roscovitine (treatment). The culture was performed in an incubator at 38.5°C 
and 5% CO2. After 6 hours, 100 oocytes, in each experimental group, were stained with Hoechst 33342 and 
evaluated under fluorescence microscope. For evaluation of gene expression before (0 hours) and after 6 hours of 
culture, four pools of 25 denuded oocytes were stored in lysis buffer (Qiagen RNeasy Mini Kit) at -196°C. The 
mRNA was extracted with RNeasy® kit (Qiagen) and the reverse transcription was performed using the Sensiscript 
RT Kit (Qiagen) with poly T primer. The expression of NLRP5, ZAR1, BMP15, GDF9, SOD1, BCL2 and BAX 
genes was assessed by qPCR using Power SYBR® Green PCR Master Mix (Applied Biosystems). CYC-A gene 
was used as housekeeping gene. The relative expression of each gene was calculated using the ΔΔCT method with 
efficiency correction by Pfaffl method. Data were subjected to analysis of variance according to completely 
randomized design and means were compared by Tukey test at 5% probability. The rate of oocytes at GV in 
roscovitine treatment was significantly higher (87%) compared with the control (48%), evidencing the meiotic 
arrest. At the end of 6 hours, the level of BAX in treatment was lower than that observed in control, while the BCL-
2 was highly expressed in both groups. This relation suggests that the culture conditions were adequate and that 
roscovitine 75 μM did not affect the cell viability. The relative mRNA amount of NLRP5 and SOD1, after 6 hours 
in the presence of roscovitine, was significantly lower than that observed at 0 hours and in control. For the other 
genes it was not detected any change in the expression profile between groups and times. It appears, therefore, that 
the meiotic arrest for 6 hours did not improve the expression of genes studied. This result, however, does not discard 
the possibility of increase of these and other genes in different times of inhibition.  
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The present study aimed to evaluate the effect of the number of recovered oocytes from non-lactating Holstein (Bos 
taurus) donor on the in vitro embryo production and the possible effect on the pregnancy establishment after 
transferring these embryos to crossbred (Bos taurus x Bos indicus) recipients. The retrospective study comprised a 
database from a commercial dairy farm (Fazenda Bela Vista, Tapiratiba-SP) performed during May and October of 
2013. At a random day of the estrus cycle, a total of 264 non-lactating females was submitted to ovum pick-up 
procedure (OPU). The oocytes were classified and only viable oocytes were submitted to the in vitro embryo 
production. The embryonic development (cleavage and blastocyst rate) was evaluated and the embryos were 
transferred in crossbred recipients. The pregnancy diagnosis was performed by rectal palpation 50 to 60 days after 
embryo transfer. The data were analyzed on the GLIMMIX procedure of SAS 9.3®. The donors were classified into 
three categories according to the total number of oocytes recovered: 1. Low (14.6 ± 0.4), n = 88; 2. Medium 
(24.2 ± 0.3), n=88; and 3. High (42.3 ± 1.8), n=88. It was found that females with high number of recovered oocytes 
presented higher number of viable oocytes (High: 28.1 ± 1.2a; Medium: 17.9 ± 0.4b; Low: 10.8 ± 0.4c; P<0.0001), 
cleaved embryos (High: 22.0 ± 1.1a; Medium: 14.4 ± 0.5b; Low: 8.1 ± 0.4c; P<0.0001) and blastocysts (High: 
5.1 ± 0.4a; Medium: 4.2 ± 0.3b; Low: 1.8 ± 0.2c; P<0.0001) when compared to cows with medium and low 
number of recovered oocytes. However, similar viable oocytes rate (High: 67.6 ± 1.6%; Medium: 74.0 ± 1.7%; 
Low: 73.6 ± 2.1%; P = 0.07), cleavage rate (High: 77.7 ± 2.0%; Medium: 79.6 ± 1.5%; Low: 74.1 ± 2.4%; P = 0.10) 
and blastocyst rate (High: 18.7 ± 1.3%; Medium: 23.1 ± 1.8%; Low: 17.2 ± 2.3%; P = 0.21) were observed among 
categories. Finally, similar (P = 0.66) conception rate was observed after embryo transfer from donor with high 
(43.5%, 107/246), medium (46.2%, 85/184) and low (38.3%, 31/81) number of recovered oocytes after OPU. 
Therefore, the total number of oocytes recovered from non-lactating Holstein donor per OPU session affects the in 
vitro embryo production; however, the produced embryos had no difference on the ability to establish the 
pregnancy. 
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Routinely FSH is used to stimulate follicular development in protocols for ovarian hyperstimulation. In vitro, this 
hormone is used as a promoter of maturation and inducer of cumulus cells expansion. Although its effects are 
widely reported, there is great variation in the superovulatory response when different products are used. In order to 
evaluate possible differences in the molecular profiles of different products, Folltropin-V (84 % FSH + 16 % LH, 
extracted from porcine pituitary, 400 mg, Bioniche) and Sigma FSH (extracted from porcine pituitary, 50 IU, 
Sigma) were compared. The samples were hydrolyzed with trypsin were analyzed by high performance liquid 
chromatography ultra-fast reverse phase (HPLC FAST-RP) in order to separate the molecular components. After 
separation, mass spectrometry MALDI - TOF (MS) of the fractions obtained was performed to evaluate the samples 
composition by detecting ions of peptides derived from those proteins. Later we performed MALDI-TOF/TOF 
(MS/MS) in order to elucidate the primary structures of some of its components (De novo sequencing). A fragment 
detected in both products matched to the pre-prohormone proopiomelanocortin, which is converted to 
Adrenocorticotropin Hormone (ACTH). Based on these findings, we used the Sigma FSH (used in IVM) and ACTH 
(synthesized and purified in laboratory) to evaluate the action of that hormone in the IVM of bovine oocytes. CCOs 
obtained from slaughterhouse ovaries were selected and divided into two groups: FSH (n=73), considered the 
control group, and ACTH (n=89). The IVM medium was modified to evaluate the isolated action of each hormone, 
consisting of TCM199 supplemented with PVP360 - 0.8 mg/ml, L-glutamine - 10 mg/mL and Amicacin 250 mg/mL. 
And, according to the group, was added 0.01 IU/ml of FSH or 0.007 mg/ml of ACTH. The CCOs were matured for 
24 hours at 38.8°C and 5% CO2. After maturation they were in vitro fertilized and cultured until D8 of 
development. Cleavage (D2), blastocysts (D7), and hatch (D8) rates were evaluated. Four replicates were 
performed. Preliminar data were analyzed by Chi-square test (P<0.05). Differences were detected in cleavage and 
blastocyst (D7) rates between treatments (FSH: 68.49% and 20.54%; ACTH: 42.69% and 8.98%, respectively). 
However, blastocysts (23.27% - FSH 13.48% - ACTH) and hatching rates (41.17 % - FSH, 25.0 % - ACTH) on D8 
were similar between groups. During the experimental period, the average rate of blastocysts using the standard 
laboratory IVM medium was 42.5% on D7. The low rate of embryo production from FSH group may be due to the 
use of PVP as a substitute for FCS, which is an undefined component and could mask the action of the hormones 
tested. Although blastocyst hatching rates on D8 did not differ from the group with FSH, ACTH showed lower 
results in all evaluations performed. 
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The aim of this study was to identify critical points with negative impact on fertility of bovine embryo recipients. In 
the experiment we used 6527 reproductive data from embryo recipients (Number of embryos transferred per 
recipient, stage of development of embryos transferred, corpus luteum quality, type of embryo produced, season of 
the transfer, synchrony between donor and recipient, and which side the embryos transferred are placed into the 
uterus) of a farm located in the state of São Paulo during the years 2000-2004. Data were analyzed using the 
Statistical Analysis System for Windows (SAS, 2001), by multivariate logistic regression using the LOGISTIC 
procedure of SAS. Variables were removed by reverse elimination, according to Wald‘s statistical criteria with 
stipulated value P> 0.20. The final statistical model included the variables of quality of corpus luteum, embryo 
development, embryo quality, biotechnology’s type used (TE-SOV or OPU- IVF) and number of transfer [repeat 
breeders (> 3 embryos transferred) or not repeat breeders]. After this initial analysis, the variables were analyzed for 
the binomial distribution using the GLIMMIX procedure of SAS. There was no interaction between these variables 
(P>0.05). In the study, it was found that the pregnancy rate was influenced by the number of embryos transferred 
[not repeat breeders (35.7%, 2019/5650) and repeat breeders (32.0%, 281/877); P=0.001], by the stage of embryonic 
development [morula (42.0%, 748/1782)a, by the early blastocyst (31.7%, 292/921)b, blastocyst (32.0%, 402/1224) 
and expanded blastocyst (32.8%, 790/2412)b; P=0.01], the quality of the corpus luteum [CL1 (35.7% (1631/4571); 
CL2 (36.2%, 458/1266) and CL3 (31.3%, 174/556), P=0.01] and type of embryo production [fresh embryos 
produced in vivo (47.4%, 509/1074)a, frozen embryos produced in vivo (38.8%, 590/1520)b, and embryos produced 
in vitro (30.3%, 1175/3875)c, P=0.001]. However, pregnancy rate was not influenced by season [summer - 
November to February (35.8%, 596/1665) and winter - April to July (33.4% (945/2830), P=0.85] by sync 
donor/recipient [D-2 (39.7%, 418/1053), D-1 (34.5%, 1100/3189), D0 (35.5%, 639/1798), D+1 (29.4%, 143/487); 
P=0.13], or by the side of transfer [right side (35.0%, 1398/3991) and left side (35.6%, 901/2534), P=0.98]. We 
concluded that fertility in embryo recipients is influenced by multiple factors in which there was lower fertility in 
repeat breeders, in embryos up to the morula stage, quality of the corpus luteum 2 and 3, and in frozen or in vitro 
produced embryos. 
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In vitro production of bovine embryos (IVP) is a technique of great economic interest, which, associated with the 
use of sex-sorted semen allows obtaining females of superior genetics values. The aim of this study was to evaluate 
the donor age and sire effect on IVP and pregnancy rates. Gyr donors (85) were submitted to 363 ovum pick-up 
(OPU) sessions at an EPAMIG research unit (Fazenda Experimental da EPAMIG at Uberaba – MG). Sex-sorted 
semen (X) from 18 Gyr bulls was used. For evaluation of the donor age effect, the cows were classified into three 
groups: AC1: 2-6, AC2: 7-10, and AC3: >11 years old. All OPU sessions resulted in 6084 oocytes, 2537 embryos, 
which produced 1105 pregnancies. The pregnancy rate values of 41.7% and 39.5% were observed at 30 and 60 d 
after embryo transfer, respectively. The mean number of viable oocytes per OPU (15.8 ± 10.7) was influenced 
(P<0.05) by donor age, in which, a reduction of 0.9 structures for each additional year of age were observed. The 
mean number of viable oocytes/OPU was greater (P<0.05) in AC1 compared with other groups (AC1: 23.8±1.4a, 
AC2: 18.9±1.1b, AC3: 14.0±1.6b). The mean number of produced embryos per donor was 6.9±5.3, ranging from 0 
to 32 between donors. The mean number of pregnancies per OPU session was greater (P<0.05) in the cows up to 10 
years old (3.4±0.8) compared with donors with more than 11 years old (1.8±0.9). A higher (P< 0.05) number of 
embryos per OPU session were produced by AC1 donors compared with other groups (AC1: 9.1±1.5a, AC2: 
7.1±1.5b, AC3: 4.1±1.6b). The average oocyte to embryo conversion rate was 41.7%, ranging from 2.6 to 57.1 %, 
and the oocyte to embryo conversion rate of the two worst bulls (2.6 and 5.1%) differed (P<0.05) from the 
remaining, which had conversion rates varying between 18.8 to 57.1%. The present findings agree with the 
literature, in which older cows produced fewer oocytes, had lower oocyte to embryo conversion rate and yielded 
greater amount of lower quality embryos, which reduced the pregnancy rates. Therefore, Gyr donors up to 10 years 
old are more efficient on IVP programs and there is great variability between bulls regarding sex-sorted semen 
fertility in the in vitro embryo production. 
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Mules are generally ignored in the reproductive context due to the classic concept of infertility and absence of 
ovarian activity. Therefore, currently few studies are conducted on this topic. The aim of this study was investigate 
the ciclicity in ovaries of mules and report the birth of an asinine foal from a mule. Ovaries (n= 72) from mules were 
obtained at a local slaughterhouse, ovarian capsules were removed with scissors and scalpel blade. Ovaries were 
measured and externally inspected for presence of corpora lutea and follicles. The visualized follicles were aspirated 
with a 20 mL syringe containing heparin solution and needle 40x12 (18G1 ½) for oocyte retrieval. It was possible to 
verify that 45.8% (33/72) of the ovaries presented corpora lutea and 15.3% (11/72) had follicles > 10mm. It was 
possible to obtain an oocyte of all follicles aspirated. From all oocytes (n= 11) recovered, three were intact with 
expanded cumulus cells, while all the others were atretic. Considering the presence of follicles, corpora lutea and 
expanded cumulus oocytes in the ovaries of mules, we consider the use of this category as recipient for asinine 
embryos. After identifying regular cycles in a mule, the follicular control was performed after detection of estrus of 
the donor donkey. When the donkey had a 38 mm follicle and uterine edema grade 3 (scale 1-3), the ovulation was 
induced with human chorionic gonadotropin (hCG) (Vetecor®, Hertape-Calier, Spain) (2500 IU) IM. On the 
following day, the donor was covered by a donkey male. The ovulation occurred within 48 hours, detected by 
ultrasonography. At D8 just five days post ovulation the embryo was collected by uterine flushing via transcervical 
with a double system with 1 L of lactated ringer's solution. After identification, the embryo was washed in 10 drops 
Holding plus (Embriolife®, Vitrocell, Brazil) and transferred to the recipient mule, which had signs of estrus two 
days later after donor. The recipient had ovulation induced (hCG 2500 IU IM) after the detection of 37 mm follicle 
and uterine edema grade 3. Ovulation was confirmed by ultrasonography. On the day of transfer (D5), the mule had 
a rigid uterine tone and corpus luteum of approximately 30 mm. The embryo transfer was made at uterine body with 
transrectal palpation, due to the difficulty for passing the cervix because of its small diameter. After five days the 
pregnancy diagnosis was performed, with confirmation at 60 days post-transfer, both by transrectal ultrasonography. 
The eutocic birth of the foal donkey occurred after 372 days gestation. We highlighted that the occurrence of regular 
cycles in mules may be more frequent than commonly expected. Furthermore, the use of this cyclicality can be 
considered for use in reproductive biotechnologies such as embryo transfer. 
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Discontinuous Percoll® gradient is one of the most utilized methods for sperm selection. Aiming to improve sperm 
cell recovery rates, numerous variables, such as different forces and centrifugation time, composition and volume of 
gradients, which are comprehended in the process of sperm selection, have been investigated. The aim of this study 
was to compare the influence of different discontinuous Percoll® gradient volumes on recovery rate, motility, vigor 
and integrity of the plasma membrane of bovine sperm. Semen samples from two Bos taurus taurus bulls were 
thawed at 35ºC in a water bath and homogenized to form a pool, which was used for further analyses. Experiments 
were replicated five times. Sperm selection was performed by Percoll® gradients 30, 60 and 90% (Folchini et al., 
Rev. Bras. Reprod. Anim., v.36, p.239-244, 2012), being the volumes of each layer adjusted according to 
experimental groups: Control: 300µl at 90%, 300µl at 60% and 300µl at 30%; Treatment 1 (T1): 100µl and 
Treatment 2 (T2): 200µl of each layer. Samples were first centrifuged at 2200 x g of force for 5’ and, subsequently, 
centrifugation for washing on FERT-TALP medium was performed at 2200 x g for 1’. Post-Percoll samples were 
immediately evaluated for motility, vigor and integrity of the plasma membrane. Recovery rate was obtained using a 
formula that considers initial and final volumes as well as initial and final concentrations (Machado et al., 
Theriogenology, v.71, p.1289-97, 2009). Integrity of the plasma membrane evaluation was performed after 
incubation with the probes propidium Iodide (PI) and Carboxyfluorescein Diacetate (CFDA). For this purpose, 200 
cells were counted per treatment for each replicate. Data were analyzed by Chi-square Test (P<0.05). No difference 
was observed for motility, vigor, and recovery rate among Control (73.3%; 3.0; 29.0%), T1 (80.8%; 3.7; 39.3), and 
T2 (79.2%; 3.5; 36.2) experimental groups. However, samples from T2 group showed (76%) percentage of sperm 
cells with intact plasma membrane than T1 (54%) and Control (61%) groups. These results showed that it is possible 
to obtain higher recovery rate of sperm cells with high membrane integrity rates using Percoll gradient with 200µl 
volume. 
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To date, morphological parameters have been used to select oocytes for assisted reproduction techniques. However, 
these parameters are insufficient to distinguish more competent from less competent oocytes, whereas the other 
methods available are invasive preventing the oocyte to be used. Considering that cumulus cells have a bi-
directional communication with the oocyte and that they play an important role in the growth and maturation they 
can be used to indicate oocyte quality in a noninvasive way. Several studies have identified candidate genes that 
may be associated with oocyte competence and can be used as markers for oocyte quality in cumulus cells. The best 
way to prove the efficiency of markers in the cumulus cells would be to monitor individual development of each 
COC to the formation of the blastocyst after taken a sample of the cell. This study was performed aiming to assess 
the amount of RNA that can be obtained in a COC biopsy, and the effect of cumulus cells biopsy and individual 
culture in embryonic development. COC were obtained from slaughterhouse ovaries and after selection they were 
placed in a 60μl drop of PBS. With the aid of an ophthalmic blade Straight 15 ° Accutome®, a small fragment of 
COC was removed and stored individually. To assess the amount of RNA in the biopsies, five groups were 
evaluated in three replicates. The groups comprised the number of biopsies obtained from each COC, used to form 
the pool, which were 1, 5, 10, 15 and 20 biopsies. RNA was extracted using the RNeasy Plus® kit and was 
quantified on Nanodrop. Initially the effect of individual culture was evaluated, WOW system in which IVM, IVF 
and IVC were performed was compared to control group in which cultured was performed in groups in a 200μl drop 
in a total of three replicates. Subsequently, to test the effect of the biopsy, the blastocyst rate from biopsied COC 
cultured in WOW up to D7 was compared to that of the control group in a four replicate experiment. The RNA data 
were analyzed by Kruskal -Wallis test (P<0.05) and those of embryo development by Chi-square test (P<0.05). 
RNA abundance was not different among groups of 1, 5, 10, 15 or 20 fragments (5.36 ± 3.39, 8.52 ± 7.51, 
5.59 ± 11.63; 10.45 ± 1.98, 11.95 ± 6.32), however a great variation among replicates for all groups was observed. 
No difference in blastocyst rate was also detected in D7 between individual culture in WOW (33.9 % vs. 40.4 %). 
However, individual culture associated with biopsy affected the blastocyst rate which was higher than that in the 
control (22.1 % vs. 48.7 %). This reduction in blastocyst rate may be due to the longer handling time of the COC for 
the biopsy and manipulation in the WON plate. In conclusion, individual culture associated with COC biopsy reduce 
blastocyst production, nevertheless they are important tools to be used to obtain RNA for studies of markers 
validation.  
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The aim of this study was to evaluate nuclear and cytoplasm maturation of bovine oocytes treated with different 
meiotic inhibitors during transport. Oocytes (n=1910) were transported in 100µl of TCM199 medium with 
0.3%BSA, antibiotics and hormones (Control), supplemented with physiological [100% follicular fluid (FF)] or 
chemical inhibitors [100µM butirolactone-I (BL), 100mM milrinone (MR) or 100µM forskolin associated with 
500µM IBMX (FIBMX)]. The transport was made in a portable incubator (Minitub) for 6h at 38.5°C. As control, 
oocytes were cultured in 5% CO2 in air (C1) or in the portable incubator (C2). After follicular removal (0h) and 
transport (6h), oocytes were evaluated for meiotic progression (1µg/mL Hoechst 33342), microfilaments distribution 
(1µg/mL phalloidin), mitochondrial distribution and potential (ψ) (500nM MitoTrackerRed), production of reactive 
oxygen species (ROS; 5µM H2DCFDA) and apoptosis (TUNEL). Meiotic progression and apoptosis were 
compared by χ2 test. Data in % of microfilaments and mitochondrial distribution was transformed in arc sen√% and 
analyzed by ANOVA, after that the means were compared bu Tukey’s test. The ψ and ROS were analyzed by 
ANOVA followed by Tukey’s test (P>0.05). The percentage of oocytes at germinal vesicle stage was similar 
(P>0.05) to C1, BL, FIBMX, MR e FF (46.3 to 54.9%), which were higher than C2 (31.5%; P<0.05) and lower than 
0h (84.9%; P<0.05). The percentage of oocytes at germinal vesicle breakdown stage was similar (P>0.05) to C1, 
BL, FIBMX, MR e FF (45.0 to 52.7%), which were lower than C2 (67.6%; P<0.05) and higher than 0h (15.1%; 
P<0.05). Microfilaments distribution was similar (P>0.05) between groups for Normal category (12.8±10.4 a 
46.1±7.2), Discontinuous (45.0±8.8 to 61.8±8.2) and Absent (1.8±1.8 to 7.9±6.2). In Diffuse category, MR 
(37.4±4.6) was higher (P<0.05) than 0h (6.4±3.5) and FF (8.1±4.6), but similar (P>0.05) to C1 (16.7±5.1), C2 
(8.9±5.3), BL (19.8±4.4) and FIBMX (27.2±10.8), which were similar (P>0.05). Mitochondrial membrane potential 
(measured in arbitrary fluorescence units – AFU) was similar (P>0.05) between treatments (148.4±13.5 to 
168.1±13.1), as well as mitochondrial distribution which were predominantly peripheral (47.8±12.8 to 77.8±5.6). 
The amounts of ROS, measured in AFU, were higher (P<0.05) in MR (160.8±5.8) than BL (141.9±2.9), but similar 
(P>0.05) to other treatments (153.7±3.9 to 145.8±4.9). Apoptosis was higher (P<0.05) in C2 (12.0%) and MR 
(13.8%) than for 0h (1.5%) and C1 (1.4%), but similar (P>0.05) to other treatments (7.8% to 7.1%). Oocytes 
transported in the presence of MR showed more ROS production and apoptosis was higher, although it did not 
interfere in nuclear maturation process. The other inhibitors did not promoted detrimental alterations. In conclusion, 
the inhibitors used in the present study, with the exception of MR, allowed the maturational progress in a similar 
way to the control groups. 
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The present study evaluated the efficiency and in vivo embryo production of multiple ovulation (MO) protocols 
using GnRH or LH as ovulation inducers in Holstein donors inseminate at fixed time. A total of 31 lactating and 30 
non-lactating donor cows was submitted to two MO treatments in a crossover design, reaching a total of 122 uterine 
flushing processes. Cows received one of two ovulation inducers in the MO protocols: GnRH agonist (Licerelin, 
Gestran®; GEST; n=61) or LH (Lutropin®; LUTR; n=61). On a random day of the estrous cycle (Day 0; AM), 
cows received an intravaginal progesterone device (P4; Primer®, Tecnopec) and 2.0 mg of estradiol benzoate (RIC-
BE®, Tecnopec) intramuscular (IM). On Day 4, donors received 300 mg (non-lactating cows) or 400 mg (lactating 
cows) of Folltropin® administrated in six decreasing doses, every 12 hours. On Day 6 (AM and PM) 0.150 mg of 
cloprostenol (Estron®, Tecnopec) was administered. Furthermore, all females received 400 IU of eCG (Folligon ®, 
MSD) during the morning of Day 7. The P4 devices were removed on Day 7 PM. On Day 8 AM non-lactating cows 
of GEST group received 125 µg IM of lecirelin (Gestran ®, Tecnopec) and LUTR group received 25 mg IM of LHp 
(Gestran®, Tecnopec) whereas lactating cows received the same treatments except for the moment that was on Day 
8 PM. The non-lactating females were inseminated at fixed time on D8 PM and D9 AM, and the lactating cows were 
inseminated at fixed time on D9 AM and PM. Uterine flushing and embryo recovery was performed on D15 in both 
categories, non-lactating during the morning and lactating cows in the afternoon. Immediately before uterine 
flushing, the number of corpora lutea (CL) was evaluated and recorded. The same mating was maintained in both 
MO protocols for each female. The statistical analysis was performed using the Glimmix procedures of SAS®. 
There was no interaction between category and treatment for any of the response variables analyzed (P=0.20). 
Additionally, there was no difference between the tested ovulation inducers for total number of CL (GEST: 
11.1±1.2 vs. LUTR: 11.4±1.2; P=0.85), total number of recovered structures (GEST: 7.3±0.8 vs. LUTR: 8.4±0.8; 
P=0.14) and number of viable embryos (GEST: 1.9±0.4 vs LUTR: 2.7±0.6; P=0.19). However, differences were 
verified on recovery rate (GEST: 61.1% [406/675] vs. LUTR: 66.4% [460/693]; P=0.02), fertilization rate (GEST: 
43.8% [178/406] vs. LUTR: 50.9% [234/460]; P=0.01) and rate of viable embryos (GEST: 25.6% [104/406] vs. 
LUTR: 32.6% [150/460]; P=0.01) between experimental groups. In conclusion, despite the similar viable embryo 
production per flushing between groups, females from the LUTR group presented higher recovery rates, fertilization 
rates and rates of viable embryos. 
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The folliculogenesis can be divided into two phases: pre-antral and antral growth (Ireland, 1987, Reproduction 34, 
39-54). The studies related with lipids supplementation in dairy cows, aim to evaluate the effect of diet on the 
development of antral follicles, however few studies are related with folliculogenesis from pre-antral phase. The 
oocyte quality is directly associated with fatty acids composition, particularly, the membrane phospholipids content, 
which plays an essential role during and post-fertilization development (Santos et al., 2008, Reproduction 43, 23-
30). The objective of this study was to determine the effects of omega 6 (ω6) fatty acids supplementation during 
transitional period on embryo production and oocyte quality in dairy cows. Twenty-nine Holstein cows were used in 
four experimental groups in a randomized design. The animals were separated into 4 treatments to receive the 
following diet: 1) Group 0 – control, not supplemented with ω6 fatty acids source, animals were fed the control diet 
(whole raw soybeans) from ninety days before calving to parturition; 2) Group 30 – supplemented with ω6 acid 
source (12% of whole raw soybeans addition in dry matter basis) from thirty days before calving to parturition; 3) 
Group 60 – supplemented with ω6 fatty acid diet similarly as Group 30, however, from sixty days before calving to 
parturition; and 4) Group 90 – supplemented with ω6 fatty acid diet similarly as Group 30, however, from ninety 
days before calving to parturition. After calving all cows were given the same diet during ninety days, with 12% of 
whole raw soybeans inclusion in DM basis. The pre- and post-partum diets supplemented with whole raw soybeans 
were formulated to achieve 4.8% of ether extract (EE), approximately, whereas the diet without inclusion of whole 
raw soybeans was formulated to achieve 2.8% of EE. The ovum pick-up procedure (OPU) was performed on days 
21 ± 3 DIM (OPU1), 42 ± 7 DIM (OPU2), 63 ± 7 DIM (OPU3) and 90 ± 7 DIM (OPU4). After OPU procedure, 
selected oocytes were classified in grade I, II and III. Only oocytes with grade I, II and III were subjected to in vitro 
fertilization (IVF). Data were analyzed using PROC MIXED of SAS 9.1, with the effect of diet, OPU and 
interaction as fixed effects, and animal as random effect. The data were analyzed by polynomial regression. 
Treatment effect (P<0.05) was observed for oocytes of grade II. There was OPU effect (P<0.05) for total oocytes, 
oocytes of grade III and cleaved embryos. Interaction, linear and quadratic effects were not observed. In conclusion, 
omega 6 fatty acids supplementation did not affect the embryo production and oocyte quality in post-partum period 
in dairy cows. 
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Although the prevalence polyspermy under natural conditions is moderate, in IVF systems polyspermy remains as 
major obstacle to successful development of viable embryos in several species, mainly in porcine. Thus, the present 
study was designed to examine the response of bovine oviduct epithelial cells (BOEC) cultured in vitro for seven 
days and oviductal fluid (OF) in the incidence of polyspermy during porcine IVF. Cumulus-oocyte complexes 
(COCs) obtained from abattoir ovaries by aspiration of the follicles 3–5 mm were matured in vitro for 44 h in 
TCM199 medium supplemented with 10% FBS, cysteamine (570 mM), EGF (10 ng/mL), and FSH (400 ng/mL). 
After the IVM, COCs were denuded and randomly allocated to one of three treatments: i) Control (n = 98) – IVF in tris-
buffered medium (TBM), ii) OF (n = 99) – IVF in TBM medium supplemented with 10% OF coming from cows oviducts 
classified as late follicular phase, based on the appearance of the ovaries, and iii) BOEC (n = 98) – IVF in TBM medium 
in the presence of BOEC on the seventh day of culture. Co-culture with spermatozoa (5×104 cell/mL) was performed for 
20 h. Putative zygotes were fixed (alcohol-chloroform-acetic acid, 80: 10: 10: v/v), stained (1% lacmoid), and 
examined under phase contrast microscopy. Penetration and monospermy rate and pronuclear formation were 
assessed in each putative zygote. The results of five repeated were tested for normality using the Kolmogorov-
Smirnov test, which indicated the normality of the data. Therefore, the parameters were compared using one-
way ANOVA followed by Tukey’s test. Data are expressed as the mean ± SD. The penetration rate (%) was 
similar between the control (51.0 ± 4.9) and OF (31.3 ± 4.0) group, but both were lower than (P < 0.05) BOEC 
(71.5 ± 11.6). Differently, the monospermic rate of control (48.5 ± 13.0) and BOEC (54.9 ± 8.3) groups were 
similar, while both were lower than (P < 0.05) OF (93.3 ± 7.8) groups. Nevertheless, BOEC and OF (38.8 ± 5.7 and 
29.3 ± 5.0, respectively) groups were equally effective (P > 0.05) in the production of monospermic zygotes, when 
considering the total number of oocytes used for IVF. However, the OF group did not differ from the control group 
(24.5 ± 5.5), while BOEC was higher (P < 0.05). The average pronucleus per oocyte was similar among groups: 
1.21 ± 0.13 (control), 1.83 ± 0.50 (BOEC) and 1.34 ± 0.42 (OF). In conclusion, the OF used in porcine IVF exerts 
beneficial effect on oocytes by controlling the penetration and hence the incidence of polyspermy, while BOEC 
exerts the effect in sperm increasing penetration, but without the modular polyspermy. 
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The identification of oocytes competence from Bos taurus indicus donors in generating embryos after in vitro 
fertilization in the different climatic conditions is important to establish a strategy for embryo production in several 
regions of Brazil (Camargo et al., Theriogenology, 68, 626-638, 2007). Therefore, the aim of this study was to 
compare the performance of oocytes production in Sindhi breed bovine females in two different climatic conditions 
in Southeastern Brazil (rainy and dry seasons). Data were obtained from an IVP commercial center of bovine 
embryos (Sexing Technologies of Brazil, São Paulo, Brazil), regarding to the OPU sessions performed between 
March 2011 and March 2013 in Sindhi donors from a farm located at Sao Paulo State. The sessions were performed 
in the months from October to March (rainy season) and from April to September (dry season). Data consisted of 
results from 15 OPU sessions (eight sessions during the rainy season and seven during the dry season) performed in 
85 donors, being 35 animals aspirated more than once, either in the rainy or dry season. Data regarding to the 
number of recovered, viable and degenerated structures were subjected to analysis of variance, being the oocytes 
recovery rates compared by Chi-square test, and all analyzes was adopted α = 5%. The mean responses per OPU 
session in rainy and dry seasons, respectively, were: average number of recovered oocytes (23.12 ± 4.1 and 23.57 ± 7.6), 
average number of viable oocytes (15.62 ± 3.3 and 17.00 ± 5.6), average number of degenerated oocytes (7.25 ± 1.4 
and 7.28 ± 2.9) and oocytes recovery rate (67.3 and 73.6%). There was no significant difference (P>0.05) between 
the rainy and dry seasons for any of the variables analyzed. Studies have showed that Zebu females produce a higher 
number of total and viable structures during the rainy season, where environmental management and feeding 
conditions are more favorable (Fernandes et al., Brazilian Journal of Veterinary Research and Animal Science, 
38, 131-135, 2001). However, the similar results we found in rainy and dry seasons may be explained due to optimal 
conditions at the farm, including nutrition and facilities. We conclude that Sindhi donors were able to produce the 
same average number of recovered and viable oocytes structures, both in the rainy and dry season, being favorable 
for the implementation of in vitro production programs in commercial herds. 
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The Well of Well (WOW) embryo culture system was developed as an alternative for culturing individual embryos 
in a single drop. It is used in the handmade cloning technique in which the removal of the zona pellucida (ZP) is 
required. The individual culture of several embryos in a single drop is also useful for transfection or transduction of 
zygotes where ZP removal is required. Well of well embryo culture dishes can be acquired on the commercial 
market or handmade. The aim of this study was to evaluate the efficiency of commercial or handmade WOW dishes 
in the production of embryos without ZP. Oocytes from ovaries collected at slaughterhouse were selected and in 
vitro matured in TCM 199 medium (Invitrogen, California, USA) supplemented with 10% of estrus cow serum and 
20ug of FSH mL-1 in atmosphere with saturated humidity and 5% of CO2 in air and 38.5ºC for 24h. The oocytes 
were in vitro fertilized in FERT-TALP medium with 2x106 spermatozoa mL-1 for 20-22h in the same conditions of 
in vitro maturation. Following in vitro fertilization, the presumptive zygotes were denuded with hyaluronidase at 
0.1% m/v (Sigma, St Louis, USA) by vortexing for 5 minutes, and were randomly divided into three groups. G1 
(n=244): cultured in conventional dishes, without ZP removal; G2 (n=132): cultured in commercial WOW dishes, 
with ZP removal; G3 (n=144): cultured in handmade WOW dishes, with ZP removal. In all groups, we used CR2aa 
medium supplemented with 2.5% SFB in atmosphere with 5% CO2, 5% O2 and 90% N2. In G2 and G3 groups, ZP 
was removed with pronase 2mg ml-1 (Sigma). In the G3, the microwells were produced in 35x10mm petri dishes 
without the culture medium using a glass microneedle with the edge preheated. It was left the smallest space as 
possible among the microwell, they were covered with CR2 medium and any formed air bubbles inside the 
microwell were removed. In all groups, 25-30 presumptive zygotes per dish and the medium was covered by 
mineral oil. For the statistical analysis, data was submitted to the qui-square test (P<0.05). There was no difference 
(P>0.05) in cleavage rate between G2 and G3 treatments (91.5 and 88.0%, respectively), but both were higher 
(P<0.05) than G1 (62.5%). The blastocysts rate on day 7 did not differ (P>0.05) among groups (24.5, 16.8 and 
19.7%, for G1, G2 and G3, respectively). Blastocysts rate on day 8 in G2 (18.4%) was lower (P<0.05) than G1 
(31.5%), but not different (P>0.05) from G3 (24.3%). The percentage of cleaved embryos that developed to 
blastocyst until day 8 was lower (P<0.05) in G2 (19.8%) and G3 (25.6%) compared with G1 (50.5%). We conclude 
that commercial and handmade WOW dishes allow bovine embryos development without ZP, although WOW 
system has reduced the proportion of embryos developing toward blastocyst stage compared to conventional embryo 
culture system. 
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Platelet has several growth factors (GF), which have mitogenic and angiogenic activity. Therefore, this study was 
carried out to investigate the possible effects of blood plasma, after platelet lysis (BPPL), added either alone or in 
combination with FCS to the IVM medium of bovine oocytes, as evidenced by the subsequent embryonic 
development. Blood of one heifer, obtained by vein puncture in tube containing anticoagulant, was centrifuged (120 x g 
and 555 x g, both for 7 min) for obtaining the PRP. Then, PRP was divided in too aliquots, being one of them 
filtered (Milllex®; 0.22 µm), and frozen, resulting in BPPL/FFr, while the other one was frozen (-86o C/24 hours), 
thawed and filtered, referred here as BPPL/FrF. Ovarian follicles (3 to 7 mm in diameter) were punctured, and 
oocytes were washed and selected in PBS medium plus 10% FCS. Then, 20-25 oocytes were transferred to droplets 
of IVM medium, consisting of Medium 199 (Sigma-Aldrich®, M-5017, USA), supplemented with FSH, LH, 
pyruvic acid, sodium bicarbonate and gentamicin sulfate, according to the experimental design: group I, IVM 
medium + 10% FCS; group II, IVM medium + 10% BPPL/FFr); group III, IVM medium + 10% BPPL/FrF); group 
IV, IVM medium + 10% BPPL/FrF + 10% FCS. IVM was performed at 38.7º C, under humid atmosphere of 5% 
CO2, in air, for 24 h. For IVF, one semen sample was thawed and subjected to sperm selection through Percoll® 
gradient, followed by dilution in TALP-IVF medium. Gametes were incubated for 20 h and presumptive zygotes 
denuded and transferred to droplets of m-SOF medium. IVF and IVC were performed under the same conditions 
mentioned for IVM. The results (n/%) of oocytes that cleaved and reached blastocyst (B)/expanded blastocyst (EB) 
stages were monitored at 72 and 168 h post-insemination, respectively. Data were analyzed with ANOVA and t test 
of Bonferroni, with P<0.05 taken as significant. Higher percentage (P<0.05) of cleaved oocytes was observed for 
group I (79.8%, 95/119) than for the others, with similar results (Group II 65.0%, 78/120; Group III 51.6%, 63/122; 
and Group IV 61.7%, 74/120). Similarly, difference (P<0.05) was found among groups I (27.7%, 33/119) and 
others, II (7.5%, 9/120), III (4.9%, 6/122) and IV (6.7%, 8/120) for B and EB production. In conclusion, BPPL, 
either with or without FCS addition, did not have positive effect on the in vitro embryo production, probably due to 
the lack and/or inefficiency to obtain the GF through the present protocol. 
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Field strain of Brucella abortus, as well as the vaccines made from portions of strain S19 lipopolysaccharides (LPS), 
induce the same specific antibody, which makes serological tests unable to distinguish between vaccinated and 
infected animals. To avoid serologic interference in diagnosis, we use a vaccine developed from a strain isolated in 
the 80’s, whichdoes not induce agglutinating antibodies, i.e. that does not induce O-lipopolysaccharide (O-LPS) 
antibodies. This vaccine offers protection even in adult cows. However, some reports indicate that the rough strain is 
safe when inoculated in pregnant females, but only at reduced dose, which leads to potential failures of 
immunization programs. Thus, the aim of this study was to determine if a full dose of vaccine made from a rough 
strain (1.0-3.4 × 1010 colony forming units - CFU) (Brucelina Rebeccin™ – Vallée – Brazil) is safe for pregnant 
cows at different stages of pregnancy. The study was performed in Minas Gerais, Brazil. Ninety-six (96) crossbreed 
cows (Bos taurus x Bos indicus), nulliparous and multiparous, at three different pregnancy stages (initial stage: TI, 
middle stage: TC, and final stage: TF), were randomly divided into two groups (treated and control – T or C), 
leading to 6 treatments with 16 animals each. After vaccine administration, the animals were maintained together on 
brachialis grass pastures with mineral supplementation. Groups were compared using X2 test of the following 
variables: Percentage of born calves, percentage of live calves 60 days after delivery and number of seropositive 
cows and calves during each period, considering P ≤ 0.05. There were no differences  between treatments in TI, TC 
and TF or when the three gestational periods were analyzed together for the percentage of calves born alive and 
healthy (87.5; 87.5; 93.8; 93.8. 81.3 and 100%) or for the calves that were alive 60 days after delivery (75.0; 87.5; 
87.5; 87.5. 81.3 and 93.8%) - P>0.05 for TI-C, TM-C, TF-C, TI-T, TM-T and TF-T, respectively). No animal was 
found to be seropositive in the usual detection tests (fast sero agglutination) at 60 days of age. It was concluded that 
the administration of vaccine Brucelina Rebeccin™ at any pregnancy stage is safe for cows, since it does not lead to 
fetal losses nor interferes with calves’ feasibility after birth. Additionally, the vaccination of pregnant cows with this 
product does not promote the formation of antibodies, which can be detected by the usual brucellosis diagnostic tests 
in calves and cows. 
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Objectives were to evaluate the effects of injectable vitamin E supplementation during the last 3 weeks prepartum 
on the incidence of retained fetal membranes (RFM) and reproductive performance of dairy cows in Brazil. Eight-
hundred and ninety dairy cows, 390 Holsteins (132 primiparous and 258 multiparous) and 500 crossbred Holstein x 
Gyr (199 primiparous and 301 multiparous) from three dairy farms in Brazil were assigned to the study from May 
2012 to April 2013. In all three farms, prepartum cows were housed in pastures, and from October to March, cows 
had access to pasture and were managed under grazing and received 2 kg/d of a mixture of finely ground corn, 
soybean meal, and minerals and vitamins. From April to September, prepartum cows received a TMR composed of 
corn silage, finely ground corn, soybean meal, and minerals and vitamins. During the prepartum period, cows 
received 280 (Farm 1), 390 (Farm 2), and 480 (Farm 3) IU of vitamin E/d in the diet. Within each farm, cows were 
randomly assigned to remain as untreated controls or to receive three i.m. injections of 1,000 IU each of DL-α-
tocopherol administered at 258 ± 3, 265 ± 3, and 272 ± 3 d of gestation (VitE). Blood was sampled from a subset of 
141 cows immediately before enrollment to determine the α-tocopherol status. Blood was also analyzed for 
concentrations of cortisol and nonesterified fatty acids (NEFA). Statistical analysis was performed with SAS 
software using the GLIMMIX, MIXED, PHREG and LIFETEST procedures (P<0.05). The concentration of α-
tocopherol in serum of cows did not differ between treatments and averaged 2.97 ± 0.10 μg/mL. A total of 53.2% of 
the cows had inadequate concentration of serum α-tocopherol based on the 3.0 μg/mL cut-off for adequacy. The 
probability of cows to have RFM decreased as the concentration of α-tocopherol in serum increased. Milk 
production did not differ between controls and VitE cows. Treatment with injectable α-tocopherol improved 
postpartum health by reducing the incidence of stillbirths, RFM, and death by 200 d postpartum. Cows receiving 
VitE tended to have improved pregnancy per insemination (P/AI) at first AI (30.1 vs. 36.7%) because of less 
pregnancy loss in the first 60 d of gestation (20.5 vs. 12.5%). Despite similar insemination rate, cows receiving VitE 
had 22% greater pregnancy rate than control cows, which was attributed to the improved P/AI and reduced 
pregnancy loss in all inseminations during the first 200 d in milk. Cows in VitE had reduced concentrations of 
cortisol and NEFA around calving. In summary, when cows were fed limited amounts of supplemental vitamin E, 
28 to 48% of the recommendations for prepartum dry cows, supplementation with injectable α-tocopherol improved 
postpartum health and reproduction. 
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Reports of sexual transmission of Toxoplasma gondii are scarce in the literature. In sheep, transmission was 
confirmed experimentally by natural mating (LOPES, W.D. Vet Parasitol. v.1; 195(1-2), p.47-56, 2013). The 
infection of sheep by T. gondii by AI (artificial insemination) was also described using fresh semen infected with 
tachyzoites (MORAES, E.P.B.X. Animal Reproduction Science, v.122, p.36–41,2010). This study is innovative, 
because its goal was to evaluate the sexual transmission of T. gondii in sheep inseminated with tachyzoites infected 
semen before cryopreservation. For this, semen from a ram serologically negative for T. gondii by the Modified 
Agglutination Test (MAT) was collected and evaluated. After semen dilution, 50 doses were designed for 
experimental infection with 15x105 RH strain tachyzoites (not cystogenic) of T. gondii. Another 50 doses were 
destined for the control group (without addition of tachyzoites). The straws were filled and submitted to the slow 
cooling curve of semen process. After cryopreservation, semen was evaluated by a nested-PCR reaction for SAG3 
marker for detection of the parasite DNA. Besides, infectivity was assessed by bioassay in four mice. The 
cryopreserved semen was then used for intrauterine AI in nine sheep serologically negative for T. gondii (by MAT). 
Among them, four were inseminated with semen free from tachyzoites (control group) and five were inseminated 
with infected semen. After the end of the hormone treatment for estrus synchronization, two AI were performed 
with 100 million spermatozoa per animal. The infected semen was adjusted to a concentration of 4x107 tachyzoites 
(MORAES, E.P.B.X. Anim Reprod Sci, v.122, p.36-41, 2010). All females were evaluated for sexual transmission 
(days d-14, d-7, d0, and weekly until 53 days after insemination) through MAT. A descriptive analysis of the data 
was used. The parasite DNA was detected in experimentally contaminated semen. Also, inoculated mice developed 
a response to T. gondii infection and died within the period of two weeks. The serum-reactivity of five female 
inseminated with cryopreserved semen infected with T. gondii was detected seven days after insemination. It was 
concluded that sexual transmission of toxoplasmosis via artificial insemination with experimentally infected semen 
occurred and that the process of sperm cryopreservation did not inhibit the infectious ability of tachyzoites of T. 
gondii. 
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Manipulation of the periovulatory sex steroidal milieu affects the oviduct gene expression 
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The oviduct provides the environment in which several reproductive processes occur: oocyte transport, sperm 
capacitation and early embryonic development. Alterations in the oviductal micro-environment can impact the 
zygote’s developmental potential and the subsequent embryo quality. However, to which extent periovulatory sex 
steroidal milieu can impact the transcriptome profile of the oviductal tissue has not been fully elucidated so far. We 
aimed to evaluate if the ampulla and isthmus gene expression is affected by the peri-ovulatory endocrine milieu. 
Using a pre-defined progesterone (P4)/estradiol (E2) based protocol, Nelore cows were manipulated to ovulate small 
(SF-SCL; n=20) or large (LF-LCL; n=21) follicles and subsequently, luteal growth, plasma E2 and P4 
concentrations differ between groups. On day 4, animals were slaughtered and ampulla and isthmus tissue were 
collected. After RNA extraction, transcriptome profiles of ampullary tissue (n=3/group) were determined using 
Illumina RNA sequencing (RNA-Seq) analysis. After mapping, approximately 80% of the reads where aligned and 
gene expression and splicing isoforms were quantified. Gene expression analysis revealed that 190 genes were 
significantly differentially expressed between groups (p= <0.05), being 114 up-regulated in the LF-LCL group and 
76 up-regulated in the SF-SCL group. Gene Ontology analysis showed that LF-LCL terms were related to immune 
response, nucleotide binding, extracellular matrix and protein-lipid complex; whereas major terms in the SF-SCL 
were related to ion and cation chanel complex and Golgi apparatus. At the post-transcriptional level, sequencing 
mRNA allowed us to identify alternative splicing of the P4 and E2 receptors present in both groups. We used qRT-
PCR to study differential expression of 20 genes (steroids receptors, heat shock proteins, cathepsin S, lipoprotein 
lipase and extra cellular matrix components) that were identified by RNA-seq analysis, 90% of the re-evaluated 
genes displayed the same expression profile compared to the RNAseq dataset (n=7/group). However, when gene 
expression was measured in both oviductal regions, isthmus gene expression was significantly different for some 
genes when comparing between groups and between regions. The novel transcriptome profile and the differentially 
expressed genes indicate that bovine oviductal tissue is modified by periovulatory endocrine milleu. Further studies 
are needed to clarify the molecular pathways involved in each oviductal region in response to optimal levels of E2 
and P4 and how the association between these increases pregnancy success. 
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The negative energy balance that occurs in the postpartum period of dairy cows determines endocrine and metabolic 
changes that affect follicular fluid composition and can impair the cow fertility. The aim of this study was to 
evaluate the follicular fluid concentrations of insulin and IGF-I in the postpartum of Girolando cows. The 
experiment was conducted at Embrapa Dairy Cattle Experimental Station, located in Coronel Pacheco, MG. 
Twenty-seven primiparous Girolando cows with 442.34 ± 2.45 kg of body weight and body condition score of 3.04 
± 0.01 (1-5 scale) were evaluated. Eight 3/4 Holstein x Gir (HG) and seven 7/8 HG were fed a high energy diet 
(1.93 Mcal/kg dry matter (DM) of net energy for lactation and 0.168 kg of crude protein/kg of DM) and seven 3/4 
HG and six 7/8 HG were fed a low energy diet (1.69 Mcal/kg of DM of net energy for lactation and 0.170 kg of 
crude protein/kg of DM). The diets were based on corn silage, grounded corn and soybean meal. The fluid of the 
dominant follicle of each cow was collected at 19, 33, 47 and 61 days postpartum. The follicular wave was 
synchronized by the ablation of follicles greater than 6mm present in the ovaries. On the fifth day after the 
synchronization, the largest follicle was aspirated for fluid recovery (Vet® DP 2200, Mindray, Shenzhen, China) 
equipped with follicular aspiration guide and vacuum pump (WTA, Cravinhos , Brazil). The recovered fluid was 
centrifuged at 300g for 10min and immediately stored at - 20°C until analysis of the concentrations of insulin and 
IGF-I, using commercial radioimmunoassay kits (Immunotech®, Prague, Czech Republic). The concentrations of 
insulin and IGF-I were analyzed by ANOVA using proc GLM of SAS, considering the effects of diet, cross, days 
postpartum and their interactions. Insulin concentration was higher (P = 0.0575) in the follicular fluid of cows fed 
high energy diet (6.60 ± 1.01 μIU / mL ) compared to those fed low energy diet (4.72 ± 0.54 μIU/mL). There was an 
interaction ( P = 0.004 ) between diet and breed on the concentration of IGF-I. The 3/4 HG cows fed with high 
energy diet had higher follicular concentration of IGF-I (148.5 ± 12.5 ng/mL) than those fed low energy diet (87.24 
± 12.98 ng/mL) and cows 7/8 HG fed diets high (87.07 ± 8.05 ng/mL) or low energy (83.14 ± 8.92 ng/mL). Over the 
postpartum period, there were increased (P < 0.0001) concentrations of IGF-I between days 19 and 33 (75.11 ± 
12.73 ng/mL, 77.44 ± 9.33 ng/mL, respectively) and days 47 and 61 (112.44 ± 13.20 ng/mL and 132.04 ± 11.67 
ng/mL, respectively). The endocrine changes in follicular concentrations of insulin and IGF-I indicate that these 
hormones are important for follicle development and fertility in postpartum cows. 
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The aim of this study was to evaluate the effect of the volume of culture medium on bovine early embryo 
development on individual-shared medium systems compared with conventional group culture. Ovaries were 
obtained from slaughterhouse, COC´s were aspirated from 2-8 mm follicles and selected were those with more than 
three uniform and compact cumulus cells layers. Groups of 50 oocytes were matured in IVM and fertilized in F-
CDM medium under maximum humidity with 5% CO2 at 38.5°C. Zygotes were cultured with CDM-1 medium with 
humidity saturation in 5% O2, 5% CO2 and 90% N2 in air at 39°C for 60 h. The embryos were cultured in CDM-1 
in an atmosphere with 5% O2, 5% CO2 and 90% N2 at 39°C for 60 h. Groups of 20 embryos of 5-8 cells were 
subjected to one of three culture systems: well of the well (WOW) and polyester mesh (PM) for individual-shared 
medium, or conventional culture (CV) for control group. All systems were subjected to two treatments. In first 
treatment four-well dishes (Thermo Scientific) were used with 400 µl CDM-2-CSU medium with a layer of 400 µl 
mineral oil, whereas the second treatment was performed in Petri dishes 35 x 10 mm (Falcon) with microdroplets of 
100 µL medium and covered with 5 mL mineral oil. Eight replicates were performed and statistical analysis was 
carried out with a binomial response model using PROC CATMOD SAS (SAS Institute Inc., Cary, NC, USA). 
Fixed effects of the culture system, the type of treatment and the interactions between them were analyzed. 
Contrasts were made between culture systems. There was a significant difference between the two treatments and 
between individual culture systems on shared medium. Treatment with 400 µL medium obtained a blastocyst 
percentage of 55 ± 2.2%, whereas that containing 100 µl 41 ± 2.2% (P < 0.0001). This result could be due to the 
mineral oil, which was in greater proportion within the microdrop. Mineral oil presents some negative effects 
concerning in vitro embryogenesis, as the release of cytotoxic factors and migration of lipophilic substances. 
Regarding the culture systems, WOW generated 53 ± 2.7% blastocyst and TP system 44 ± 2.7% (P < 0.05). In 
conclusion, the useof smaller amount of mineral oil in relation to the culture medium and concave surfaces can 
improve the production of individually cultured blastocysts. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 Proceedings of the 28th Annual Meeting of the Brazilian Embryo Technology Society (SBTE), August 14 to 17th, 
2014, Natal, RN, Brazil. Abstracts. 

 

Anim. Reprod., v.11, n.3, p.453, Jul./Sept. 2014 453 

A173  Embriology, Biology of Development and Physiology of Reproduction 
 

Relationship of maternal and placental characteristics with weight, height and thoracic 
perimeter in Mangalarga Paulista foals 

 
C.B. Fernandes1, M.G. Meirelles1, C.F. Guimarães1, M.A. Alonso2, D.F. Souza2, M. Nichi1 

 
1FMVZ-USP; 2Fazenda Santa Rita II. 

 
 
Keywords: chorioallantois, equine, neonate. 
 
Studies indicate that some maternal characteristics play a major role in placental function, resulting in bigger and 
heavier foals (Wilsher, Equine Vet J, 35, 476-83). Therefore, the present study related maternal and placental 
characteristics with weight, height and thoracic perimeter in Mangalarga Paulista foals. Twenty deliveries were 
monitored in a breeding farm located in Piracaia- Sao Paulo. Maternal parameters including age, parity, gestation 
length, weight, height and thoracic perimeter post partum were collected; placental parameters were time to expel 
fetal membranes, fetal membranes total weight, allantochorion weight and umbilical cord length as well as foal’s 
parameters: weight, height and thoracic perimeter at birth – D0, with 7 – D7 and 30 – D30 days after birth. Pearson 
Correlation test was used to correlate variables, considering p<0.05. Heavier mares (404-576 kg, mean: 
490,28±52,85) had heavier foals (r=0,47/p=0,04) with greater thoracic perimeter (r=0.52/p=0.03). The mare’s 
thoracic perimeter had positive correlation with the foal’s weight and thoracic perimeter D0 (r=0.67/p=0.002; 
r=0.66/p=0.003) and D30 (r=0.56/p=0.04; r=0.59/p=0,04), however, at 7 days only correlation with thoracic 
perimeter (r=0.62/p=0.01) was observed. Older mares (4-19 years, mean: 9.53±4,54) had heavier foals at D0 
(r=0.51/p=0.03), D7 (r=0.54/p=0.04) and D30 (r=0.58/p=0.03). Pluriparous mares had bigger and heavier foals at 
D0 (r=0.46/p=0.05; r=0.51/p=0.03), and heavier at D7 (r=0.54/p=0.04). Gestation length (317-404 days, mean: 
333±20.85) was negatively correlated with foal’s weight at D0 (r=-0.48/p=0.04) and at D7 (r=-0.54/p=0.04). Mares 
that had heavier fetal membranes (3.3-5.9 kg, mean: 4.71±0.75) showed positive correlation with foal’s weight 
(r=0.54/p=0.03) and thoracic perimeter (r=0.69/p=0.006) at D0. Such mares took less time to expel fetal membranes 
(r=-0.53/p=0.05). Foals that were born bigger and heavier maintained this relationship at seventh days after birth 
(r=0.83/p=0.0002; r=0.86/p=<0.0001). Our results indicate that heavier mares, older mares, pluriparous and heavier 
fetal membranes have strong influence in the neonate’s physical characteristics, mainly at birth. These findings 
suggested that these maternal characteristics provide most nutritional support for fetal development. 
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Changes in epigenetic marks on the lysine 27 of histone H3 (H3K27) appear to play a key role in lineage 
determination of mammalian embryos. Genes associated to organogenesis, morphogenesis and embryonic 
development are temporarily suppressed by trimethylation of H3K27 (H3K27me3) in pluripotent cells. However, 
the complete profile of epigenetic marks in the H3K27 during early stages of porcine embryo development is not 
entirely known. The aim of this study was to evaluate the acetylation (H3K27 ac) and methylation (mono-, di- and 
trimethyl; H3K27 me1, me2 and me3) profile of H3K27 during early development of in vitro-produced (IVP) 
porcine embryos. Oocytes/embryos (approximately 6 for each mark and developmental stages) were fixed at the 
following developmental stages: germinal vesicle oocytes (GV), metaphase II oocytes (MII), embryos at pronuclear 
stage (PN), two cells (2C), four cells (4C), eight cells (8C), D6 blastocysts (D6), and D8 blastocysts (D8). 
Oocytes/embryos were subjected to an immunofluorescence protocol using rabbit anti-H3K27 ac and anti-H3K27 
me1, me2 and me3 primary antibodies (1:1000), and goat anti-rabbit Alexa Flour 488 as a secondary antibody 
(1:1000). Nuclei were stained with DAPI (10 µg/mL). The fluorescent signal for H3K27 ac was intensive in all 
developmental stages. H3K27 me1 signal was strong in GV, MII and in only one pronucleus, but the fluorescent 
signal was weak in 2C, 4C and 8C stage embryos. In D6 and D8 embryos, the H3K27 me1 signal became strong 
again. The signal for the H3K27 me2 mark was strong in GV and MII stage oocytes, but absent in PN. In embryos at 
2C, 4C and 8C stages, the H3K27 me2 signal was very weak or absent, but it was detected again in D6 and D8 
embryos. H3K27 me3 was intensely detected in GV, MII and in only one pronucleus. In 2C, 4C, 8C and D6 
embryos, the H3K27 me3 signal was very weak or absent. Additionally, 29 D8 blastocysts were subjected to 
immunofluorescence for detection of H3K27 me3. Of these, 7 did not present any sign of fluorescence, 19 had some 
or all cells marked and 3 showed H3K27 me3 only in the inner cell mass. The results of this study indicate that the 
epigenetic marks on the H3K27 are highly dynamic during porcine embryogenesis, which suggests that H3K27 
plays an important role in the regulation of gene expression during early embryo development. 
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Despite the unique importance of blastomere polarization during preimplantation development, little is known about 
this phenomenon in bovine embryos. Polarization transforms symmetrical spherical blastomeres into highly 
polarized radial cells, and once established, polarity domains distinguish embryonic inner and outer cells. Cells 
exhibiting outer polarized domains cannot depolarize, and will contribute to trophectoderm lineage. Bovine embryos 
develop slower than mouse embryos, and at lower rates. Also, gender influences some characteristics in bovine 
embryos, including cell numbers and apoptosis. Therefore, the aim of this study was to characterize PAR6c, a 
polarity marker well established in mouse embryos, in bovine embryos, and investigate if its expression is similar in 
male and female counterparts. In experiment 1, bovine embryos (n= 52) were produced by IVF and embryo culture 
at standard conditions, in two replicates. Samples were collected at several stages of development (zygote, 2-, 4-, 8-, 
16- morula and blastocyst), and immunofluorescence (IF) for PAR6c protein was performed. In experiment 2, male 
and female embryos (n=192) produced in three replicates using sexed semen from the same bull were cultured 
separately, and morphological embryo development assessment was performed daily from 24-144 h.p.i. 
Developmental rates were compared between groups at each evaluated time point using Chi-Square Test. In 
experiment 3, male and female embryos were collected (n=46) at critical stages (late 8; early 16; mid 16; late 16; 
morula) for PAR6c IF. Mouse embryos were used as positive controls for all PAR6c IF reactions. Negative control 
reactions were also performed. We observed PAR6c consistent apical expression from 16-cell embryos onwards; 
although about half embryos (9/17) exhibited very low expression already at 8-cell stage. Before 8-cell stage, no 
expression was detected. In experiment 2, we observed a difference in 8 to 16-cell embryo percentage between male 
and female embryos at 48h.p.i. (M=20%; F=34%*) and 72h.p.i (M=64%; F=43%*). In experiment 3, we observed 
that PAR6c expression and stage of compaction were similar in both groups, and were first evidently detected at 
early 16-cell stage. At late 8-cell stage, 60% male embryos and 80% female embryos had at least one blastomere 
expressing PAR6c, but at very low levels. We concluded that PAR6c asymmetric protein expression seems to be 
consistently established at 16-cell stage, one cell cycle after occurs in mouse embryos. This result suggests that cell 
fate decisions in bovine could also be started before blastocyst stage. We found that 48-72 h.p.i. is a critical stage for 
male and female embryos comparative analysis in our system. However, at this stage male and female embryos 
display similar pattern of PAR6c polarization and compaction, suggesting those events are not related to phenotypic 
differences previously reported between those groups. 
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This study aimed to characterize follicular dynamics in Santa Inês sheep under the influence of different genotypes 
of the GDF-9 gene: homozygous mutant (EE), heterozygous (EW) and wild homozygous (WW), for FecGE 
mutation. The follicular development and the luteal phase during the estrous cycle were evaluated. In addition, two 
different periods of the year in Federal District were also evaluated. Santa Inês ewes (n = 26), WW (n=10), EW 
(n=11) and EE (n=5) were synchronized with two PGF2α injections 7 days apart. At 48 hours after the second dose, 
ultrasound (US-MyLab™30Gold, Esaote 6-8 MHz) evaluation has started, daily from the first ovulation until the 
next one (approximately 17 days between ovulations). The second ovulation was confirmed later by detection of 
corpus luteum (CL), seven days after the disappearance of the greatest follicle. A total of 30 and 40 complete cycles 
was evaluated in periods of drought and rainfall, respectively. Data were analyzed by Generalized Linear Models. 
The duration of the estrous cycle was greater (P<0.05) in the dry season, averaging 17.27 ± 0.79 versus 16.78 ± 0.98 
days in the rainy season. The follicular phase was longer during the dry period 7.41 ± 1.35 (P<0.05). Sheep had a 
pattern of 3 and 4 follicular waves. Ovulation rate was higher in the rainy season - 1.83 ± 0.36 (P<0.05) compared to 
1.43 ± 0.52 in the dry one. It was also observed that sheep EE recessive genotype had a higher frequency of 
ovulation compared to other genotypes 2.00 ± 0.33, 1.85 ± 0.26 and 1.69 ± 0.43 (P<0.05), respectively. The 
observations revealed that there was an increased ovulation rate (P<0.5) in the left ovary (P<0.05). The total volume 
of CLs from a single ovulation (884.74 mm3) was greater (P<0.05), compared to CL of multiple ovulation ewes 
(710.06 mm3). We conclude that the homozygous mutant animals (EE) must be more prolific than others (EW and 
WW). Another conclusion was that during the rainy season, characterized by increased forage supply, the frequency 
of observations of multiple ovulations is higher than in the dry season. Moreover, it was observed that the diameter 
of the ovulatory follicle and the total volume of CL are inversely proportional to the number of ovulations per 
estrous cycle. 
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Several technologies have been explored to evidence metabolic differences among embryos to identifying those 
most able to generate pregnancy. Thus, spectroscopy techniques allow a rapid and nondestructive analysis of various 
types of biological samples, including culture media. The objective of this study was to determine, by Raman 
spectroscopy, molecular biomarkers in culture media of in vitro produced bovine embryos that may be related to 
embryo kinetics. In addition, to identify spectroscopic profiles of these embryos, allowing a rapid and 
nondestructive characterization of embryo diversity, contributing to the improvement of in vitro production of 
bovine embryos. For that, bovine embryos were produced in vitro by conventional protocols. The cumulus-oocyte 
complexes were aspirated from slaughterhouse ovaries, selected (grade 1 and 2), placed in 90 µL IVM drops (M-199 
+ HEPES; 20 oocytes/drop) and cultured for 22 hours at 38.5°C and 5% CO2. The matured oocytes were in vitro 
fertilized in 90 μL droplets of IVF medium (Parrish et al., 1988 Biol. Reprod. 38th, 1171-1180) in an atmosphere of 
5% CO2 in air at 38.5°C and high humidity for 18 hours. Subsequently, the zygotes were cultured individually in an 
incubator with atmosphere with 5% CO2 in air and high humidity at 38.5°C for 7 days. The embryos were classified 
in fast (4 cells 40 hpi) and slow (2 cells 40 hpi) and the culture media were collected at cleavage, morulae and 
blastocyst stages. The culture media were transferred to cryovials and remained frozen at -80°C until analysis. For 
Raman spectroscopy analysis, drops of culture media covered with mineral oil were scanned by a T64000 triple 
Raman system from Horiba Jobin Yvon SAS, with CCD detector 1024x256. The data were normalized (Fityk 
software) and analyzed for Principal Component (PCA) and clustering (Minitab 16). At cleavage, morulae and 
blastocyst stages it was possible to evidence different spectra profiles, characteristics for fast and slow embryos. 
Based on our results, we can conclude that RAMAN spectroscopy analysis of culture media is a powerful tool to 
characterize different spectroscopic profiles of IVP bovine embryos. 
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Nanocapsules (NC) and liposomes highlight among the possible uses of nanotechnology in controlled release 
systems.These systems of carrying and releasing drugs have advantages like the ability to gradually release the 
substances that were adsorbed or incorporated in the lipid or polymer-particle. Hence, the combination of 
nanotechnology into the context of reproductive biotechnologies allows for potential innovative attempts to improve 
production systems. The objective of this study was to evaluate the embryotoxicity of NC (the vehicle without any 
incorporation) when added to IVM medium. Cumulus cell expansion after maturation and embryo development 
were evaluated morphologically. Cumulus-oocyte complexes (COCs) from follicles between 3 and 8 mm were 
obtained from bovine ovaries from abattoir. Only good quality COCs (grade I and II) were selected for the 
experiment. For IVM, 10 to 20 COCs were washed in HEPES TCM199 and subsequently washed 6 times in drops 
containing the specific media for each group. Six groups (G1, G2, G3, G4, G5 and G6; 5 replicates, n=76 
oocytes/group) were defined: G1: negative control [1mL TCM199 bicarbonate, 5μL amikacin (16.67 mg/μL), 2μL 
pyruvate (0.011 g/mL)], G2: experimental control [5 mL of TCM199 bicarbonate, 0.030 g of BSA, 5μL of FSH (0.1 
mg/mL), 25μL amikacin (16.67 mg/μL), 10μL pyruvate (0.011 g/mL)], G3: laboratory control [0.9 mL of G2 media, 
100μL FCS,10μLLH (50 μg/mL) and 1μL E2] and G4 to G6 groups containing 0.9 mLof G2 media plus 10% 
(approximately 0.1 g), 1% and 0.1% v/v of NC, respectively for G4, G5 and G6. The NC were produced by the 
coacervation method, containing a mix of grape seed oil, propylene glycol, isopropyl myristate and Tween 20 added 
to the aqueous phase containing atelocollagenand xanthan gum. NC were produced without the active compounds 
and sonicated (to decrease the size to manometric level). There was a clear difference in cumulus cells morphology 
(expansion) observed after IVM. In G1 no expansion was observed, while cumulus cells from G2 and G3 expanded 
as expected. In G4 (10% NC) only partial expansion was observed while in G5 and G6 the expansion was similar to 
G2 and G3. The percentage of cleaved embryos (D3) was similar to G1, G2 and G3 (58.8, 72.1 and 74.7% 
respectively, P> 0.1), but different between G4, G5 and G6 (32.1, 59.3 and 69.5% respectively, P< 0.001). The 
production of morula and/or blastocysts (D7) was evaluated and although the G4 (5.1% compared to presumptive 
zygotes) and G4 and G6 (respectively 16.7 and 14.8% compared to cleaved) have produced smaller percentages of 
embryos, there was no difference between groups (P > 0.1).  
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The reduction in reproductive performance in postpartum dairy cows is associated with negative energy balance, as 
well as changes in the composition of follicular fluid. This study aimed to evaluate the composition of follicular 
fluid in the postpartum of crossbred Girolando dairy cows fed high or low energy diets. The experiment was 
conducted at Embrapa Dairy Cattle Experimental Station, located in Coronel Pacheco, MG. Twenty-seven 
primiparous Girolando cows with 442.34 ± 2.45kg of body weight and 3.04 ± 0.01 of body condition score (1-5 
scale) were evaluated. Eight 3/4 Holstein x Gir (HG) and seven 7/8 HG were fed a high energy diet (1.93 Mcal/kg of 
dry matter (DM) of net energy for lactation and 0.168 kg of crude protein/kg of DM) and seven 3/4 HG and six 7/8 
HG were fed a low energy diet (1.69 Mcal/kg of dry matter (DM) of net energy for lactation and 0.170 kg of crude 
protein/kg of DM). The diets were based on corn silage, grounded corn and soybean meal. The fluid of the dominant 
follicle of each cow was collected at 19, 33, 47 and 61 days postpartum. The follicular wave was synchronized by 
the ablation of follicles greater than 6 mm present in the ovaries. On the fifth day after the synchronization, the 
follicle diameter was measured and the aspiration of the dominant follicle fluid was proceeded using ultrasound 
(Vet® DP 2200, Mindray, Shenzhen, China) equipped with follicular aspiration guide and vacuum pump (WTA, 
Cravinhos, Brazil). The recovered fluid was centrifuged at 300 g for 10 min and immediately stored at -20°C until 
analysis of the concentrations of estrogen (E) and progesterone (P), using commercial radioimmunoassay kits 
(Immunotech®, Prague, Czech Republic). Data from follicular diameter on the fifth day after the synchronization of 
the wave, the concentrations of estrogen and progesterone and the E:P ratio were analyzed by ANOVA using proc 
GLM of SAS, considering the effects of diet, cross, days postpartum and their interactions. Cows fed high energy 
diet showed a smaller (P = 0.0204) dominant follicle (10.44 ± 0.32 mm) than cows fed low energy diet (11.34 ± 0.29 
mm). There was effect of the cross for follicular estrogen concentration (P = 0.0216) and the E:P (P = 0.0035). The 
3/4 HG cows showed higher concentration of estrogen (267.58 ± 14.38 ng/mL) and higher E:P ratio (5.99 ± 0.47) 
than cows 7/8 HG (223.49 ± 13.99 ng/mL and 4.16 ± 0.27 , respectively). There was interaction between diet and 
cross (P = 0.0151) in the concentration of progesterone. The 7/8 HG cows fed low energy diet had higher 
concentration of progesterone (75.32 ± 7.98 ng/mL) than those fed high energy diet (49.02 ± 4.87 ng/mL) and those 
3/4 HG fed low and high energy (48.63 ± 4.94 and 50.98 ± 4.15 ng/mL, respectively). Differences in follicular 
concentrations of estrogen and progesterone and the E:P may be associated with differences in negative energy 
balance between evaluated crosses and diets. 
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This study aimed to evaluate the kisspeptin (Kp) capacity to induce release of LH as well as the curve profile in 
breeding (EF) and nonbreeding (ENF) season in buffalo cows. In a 2x2 factorial with two replicates (15 days apart) 
and crossover where cows did not receive the same treatment more than once between replicates, six ovariectomized 
buffalos were allotted in two groups: KP (n = 6) – i.m. administration of Kp diluted in NaCl 0.9% solution (10 µg 
Kp/Kg ~ 4mL); GnRH (n = 6) –10 µg of buserelin acetate (Sincroforte®, Ourofino, Brazil). Blood was sampled 
(8mL) at -20, 0 (trat), 20, 40, 60, 80, 100, 120, 140, 160, 180, 210 e 270 min. Tubes were immediately placed in an 
iced cooler for posterior centrifuging (1500 x G/20 min, 4ºC). Plasma was aliquoted and frozen at -20ºC until 
determination of LH and P4 concentration by RIA. The intra and inter-assay variation coefficient for LH and P4 was 
respectively 8.7 and 13.0%; 4,3 and 4.6%. The LH profile was analyzed by GLIMMIX proc for repeated measures 
(SAS v. 9.2). The area under the curve (AUC), beginning (IP), moment (MP), final (FP) and amplitude of the LH 
peak were calculated by GraphPad Prism 5.0 software and analyzed by GLIMMIX proc in SAS. Data are presented 
by mean ± SEM and significance was considered when P<0.05. The P4 concentration in the females at the moment 
of the treatments was basal (0.26 ± 0.05 ng/mL), showing the ovariectomy efficiency and not affecting the results by 
this steroid. Animals presented LH release under positive control (GnRH) stimulus, validating experimental model. 
There was neither breeding season effect on LH release (P = 0.3827) nor breeding season and treatment interaction 
(P = 0.1284). Thus, the Kp response is independent of the season of the year. However, the profile of LH curve was 
different between treatments over time (P = 0.0071). In this way, as there was not treatment and time interaction it 
was not possible to calculate the mean of LH released by group. AUC was not influenced by season (P = 0.5341); 
however, the treatment type define the amount of LH released expressed by AUC (KP = 405.42 ± 88.43 ng2; GnRH 
= 1173.69 ± 206.72 ng2; P = 0.0047). Kp anticipates the IP (3.43 ± 0.59 min vs. 11.47 ± 8.46 min; P = 0.0497) and 
MP (20.00 ± 0.00 min vs. 118.89 ± 19.32 min; P = 0.0001) compared with GnRH. However, Kp during ENF 
induces a short LH peak observed by FP (P = 0.0436), which may be due to the blockade of GnRH containing 
neurons by low melatonin levels. The amplitude of LH peak is higher in GnRH (11.72 ± 1.73 ng/mL) than in KP 
(7.89 ± 0.70; P = 0.0132). The buserelin acetate is a potent analogue of GnRH and worked in this experiment only 
as positive control. This study, presents that i.m. Kp administration is efficient to induce LH release in buffalo cows 
not only in the breeding season but also in nonbreeding. 
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The aim of the present study was to examine the uterine hemodynamics of mares, through color and spectral 
Doppler ultrasonography and compare it with endometrial cytology after AI with frozen semen. Eight ejaculates 
from one stallion were used. Semen was collected, analyzed and cryopreserved. Two frozen semen straws of each 
batch were thawed and analyzed for motility by the Computer-Assisted Sperm Analysis (CASA), and integrity of 
plasma and acrosomal membrane and mitochondrial potential by the association of fluorescent probes PI-H342, 
FITC-PSA and JC-1 (CELEGHINI et al., Braz Arch Biol Tech, v.53, p.1285, 2010) defining this way the percentage 
of intact plasma membrane, intact acrosome and high mitochondrial cells (IPIAH). Fifteen mares were used and had 
their estrous cycles randomly distributed in four groups: group C (control): no insemination, only mimic of the 
technique of AI (n=7); group D: intrauterine infusion of skim milk based extender (n=7); group A: inseminated with 
High quality semen (30% sptz IPIAH, total of 300 x 106sptz IPIAH /dose of 1 x 109 sptz) (n=7) and Group B: 
inseminated with Low quality semen (15% sptz IPIAH, total of 150 x 106sptz IPIAH /dose of 1 x 109 sptz) (n=7). 
For group B, the cells were damaged by flash frozen. Ovarian follicular dynamics were monitored daily by 
transrectal palpation and ultrasound examination. Ovulation was induced using hCG (2500IU) IV and 30 hours later 
the mares were examined every 6 hours until ovulation, for post-ovulation AI. Uterine hemodynamics was analyzed 
through Doppler ultrasonography by Spectral and Color-flow modes on seven moments: immediately before hCG, 
immediately before AI, 2, 6, 12, 24 and 48 hours after AI. The numerical values of resistance index (RI, 0-1) of 
uterine arteries and vascularity scores (VS, 1-4) of uterine horns were considered (SILVA et al, Biol Reprod, v.72, 
p.755, 2005). Endometrial cytology was done 6 hours after AI, using cytobrush. The slides were prepared and 
stained using Panotic Stain Method. The percentage of polymorphs was determined by the count of 300 cells/slide, 
by microscopy (400x magnification). The data was analyzed for treatment and time effect, and interaction treatment 
x time, by SAS PROC MIXED (Version 9.3). No difference (p>0.05) was found between the groups at any moment 
for RI an VS values. For cytology, group B (76.41±5.89%) presented a more intense inflammatory process (p<0.05) 
when compared to group D (20.12±6.57%), and both did not differ (p>0.05) from group C (35.58±6.36%) and A 
(47.87±10.59%). The highest percentage of IPIAH spermatic cells deposited in the reproductive tract of the mare 
results in an increase of inflammatory cells, caused by the inflammatory response to semen, but it does not affect 
uterine blood flow. 
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The low embryo recovery rate reported in buffaloes may be related to the failure of oocytes to enter the oviduct after 
superstimulation of follicular growth. In rabbits, the administration of subsequent doses of PGF2α during the 
periovulatory period stimulates contraction of oviduct smooth muscles, allowing the activation of the oviduct 
fimbriae to capture the oocytes. Based on these observations, the hypothesis was that constant doses of PGF2α 
(provided by intra-muscular administration or slow release via osmotic pump) during the periovulatory period, 
increase the embryo recovery rate of buffaloes submitted to the superovulation protocol. In order to verify this 
hypothesis, on a random day of the estrous cycle (D0, pm), 66 buffaloes were randomly divided into three groups: 
Control Group (GCont, n=22), PGF injection Group (GPGFinj, n=22) and Osmotic Pump Group (GPGFpu, n=22) in 
a cross-over experimental design. Follicular wave emergence was synchronized with an intravaginal progesterone 
device (P4, Sincrogest®, OuroFino, Brazil) and an injection of 2mg im of Estradiol Benzoate (Sincrodiol®, 
OuroFino, Brazil). From D4, all buffaloes received 200mg im of FSH (Foltropin-V®, Bioniche, Canada) twice-
daily, in 8 applications of decreasing doses. A dose of 0.53mg im of PGF2α (Sincrocio®, OuroFino, Brazil) was 
given on D6 (pm) and D7 (am), and the P4 device was removed on D7 (pm). On D8 (pm), all buffaloes received 
20μg im of GnRH (Sincroforte®, OuroFino, Brazil) and 12 and 24 h after were performed the artificial 
inseminations. The buffaloes in GPGFinj received four extra doses of PGF2α (2.12mg, Sincrocio®, OuroFino, 
Brazil) from D8 (pm) to D10 (am), while animals of GPGFpu received at D8 (pm) subcutaneous administration of a 
mini-osmotic pump (Alzet Osmotic Pumps, ALZA Corporation, California, USA) containing 2.12mg of PGF2α 
(Sincrocio®, OuroFino, Brazil), which was removed in D10 (pm). All animals were subjected to ultrasonographic 
evaluations (Mindray DP2200Vet, China) performed on D0 to verify ovarian activity, on D8 to assess the 
superstimulatory response and on D14 for accounting of ovulations. Embryonic structures were collected by 
nonsurgical method in D14 (pm). Statistical analysis was performed by the GLIMMIX procedure of SAS®. There 
was no difference between experimental groups (GCont vs. GPGFinj vs. GPGFpu, P>0.05) for the following 
variables: follicles ≥ 8mm at D8 (15.3±3.1 vs. 13.7±2.8 vs. 13.6±2.3) and D14 (4.7±1.4 vs. 3.4±0 7 vs. 4.6±1.1) and 
the embryonic structures recovery rate (20.3 vs. 21.1 vs. 16.6 %). However, differences were found in ovulation 
rates (67.8 vs. 71.2 vs. 61.6 %, P=0.04). It is concluded that constant doses of PGF2α during the periovulatory 
period do not increase the embryonic structures recovery rate of buffaloes submitted to the superovulatory protocol. 
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Despite the advances in assisted reproduction techniques, the poor quality and failures in in vitro embryo 
development remain as a drawback resulting in low pregnancy rate. Bone marrow mesenchymal cells (MSCs) have 
emerged as a novel therapeutic option due to their unique properties of releasing bioactive factors and supporting 
others cell growth. In addition, murine embryonic fibroblasts (MEFs) have been widely used as a feeder layer to 
support embryonic stem cells due to their release of growth factors. In the present study we have compared the role 
of MSCs and MEFs in supporting C57Black6 mouse early embryo development. MSCs and MEFs were isolated 
from mice and cultured in DMEM-F12 with 10% fetal bovine serum up to the third passage. All the embryos were 
obtained in approximately 42 hours (2nd day) after mating and were randomly distributed in the following groups: 
CTRL - cultured in control culture medium; iMSC - co-cultured with MSCs inactivated to arrest proliferation; and 
iMEF - co-cultured with MEFs inactivated to arrest proliferation. Inactivation was performed using mitomycin C. 
Embryo development was evaluated daily for 5 days (7th day after mating). Immunocitochemistry, diameter and 
total cell number of blastocysts were measured at the 3rd day after culture. The statistical analysis was performed by 
non-parametric Kruskal-Wallis test with Dunns post-test and p<0.05 was considered as statistically significant. We 
observed at 2nd day after mating (day of embryo acquisition) the proportion of following development stages: 
87.0% at 2-cell, 6.5% at 3-cell, 3.7% at 4-cell and 2.8% at 5-8-cell. After the 3rd day in culture, the embryos co-
cultured with iMSC or iMEF showed a greater development when compared with the CTRL group. On the 5th day 
in culture the rate of hatched blastocysts in iMSC (84.1±5.8%) and iMEF (90.3±4.2%) groups were higher than 
CTRL group (49.2±8.8%). We did not observe any difference in the proliferation or apoptosis among the groups, 
however, the blastocysts co-cultured with iMSC presented a significant higher number of inner cell mass 
(26.1±1.6%) and a lower number of trophoblast cells (73.9±1.6%) when compared to the CTRL group (20.4±1.5% 
and 79.6±1.5%, respectively). The iMSC and iMEF groups presented a higher cell number (70.9±2.5 and 74.5±2.7, 
respectively) and diameter (133.7±2.53 and 139±2.3 µm, respectively) when compared to the CTRL group (cell 
number: 60.3±2.14; and diameter: 123.8±2 µm). In summary, our data suggests that co-culture with inactivated 
MSCs or MEFs greatly supports and improves the early embryonic development in vitro.  
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In mammals, a correct DNA methylation reprogramming and the maintenance of genomic imprinting after 
fertilization are essential for embryo development and pregnancy. One important imprinted gene, related with 
embryo development and placentation, is the IGF2 gene. Many studies have related changes in the IGF2 methylation 
pattern with assisted reproductive technology. The objective of this study was to evaluate the influence of in vitro 
culture until day (D) 7 of development on methylation pattern of the differentially methylated regions (DMR) 
located into the exon 10 of the IGF2 gene, of bovine embryos on day D14 of the development. In vitro embryos 
were produced from oocytes obtained by follicular aspiration of slaughterhouse ovaries. On D 7 after in vitro 
fertilization only grade I blastocysts were selected and, in number of 10, were transferred non-surgically to the 
uteruses of recipients previously synchronized (VT/VV group). As a control, in vivo produced D7 embryos 
(VV/VV) at the same stage and quality of the VT/VV group were also transferred to synchronized recipient. All 
groups were collected on Day 14 and a portion of each trophoblast layer was stored for sex determination, and 
another portion was used to determine the methylation status of the IGF2 gene. After sex determination only 
genomic DNA from male embryos was used for DNA methylation using bisulfite sequencing. The methylation 
pattern was performed individually, and each embryo (VT/VV=4 and VV/VV=5) was considered as a replicate. At 
least 8 clones were evaluated per embryo and the sequences were analyzed using BiQAnalyser software having the 
Genbank sequence NM_174087.3 as reference. The methylation pattern of the different groups was compared using 
Kruskal-Wallis test (P<0.05). No differences in DNA methylation were found between VV/VV (28.3±3.2%, n=29 
clones) and VT/VV (22.7±2.9%, n=27 clones). As already known the region studied is hypermethylated in sperm 
and hypomethylated in oocytes, and in somatic cell types it is expected to be around 50% methylated, considering an 
imprinted region. Although we found a lower percentage of methylation than that expected for an imprinted region, 
this pattern may be the physiological pattern for trophoblast cells, being similar for both the in vitro and the in vivo 
produced embryos. This is the first report describing the methylation pattern of this region of the IGF2 gene on Day 
14 bovine embryos.It can be concluded that in vitro production and culture of embryos did not affect their posterior 
methylation status of the intragenic DMR on exon 10 of IGF2 gene, when evaluated on Day 14 of development. 
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The mares ovulate follicles between 40-45 mm in diameter, dependingon breed, size, and nutritional status of the 
mare as well as breeding season. Thus, we aimed to identify the average diameter of the preovulatory follicle of 
mares belonging to genetic group "Baixadeiro". Three mares raised at the Unit for Research and Conservation of 
Baixadeiro Horse, located in the Farm School São Bento were used - MA (UEMA). They were evaluated for body 
condition score (BCS) and monitored daily by rectal palpation and ultrasonography using the equipment VET 
CHISON 600®.When a follicle of 35 mm was identified, its diameters were evaluated daily until ovulation. The 
mean BCS found was 4.0, which, according to Henneke (Equine Veterinary Journal, v.15, p.371-372, 1983) 
indicates moderate thinness and may influence reproductive activity according to this author. Gastal et al. (Biology 
of Reproduction, v.62, p.222, 2000) claim that mares with low BCS ovulate  smaller follicules compared with mares 
in better body condition. Nevertheless, mares showed the following individual mean diameter of the preovulatory 
follicle: 38.12 ± 2.44; 40.23 ± 3.93; 41.10 ± 4.96. The overall mean was 39.88 ± 3.98, which corresponds to the 
expected values for the species. According to Murdoch et al. (Biology of Reproduction, v.35, p.1187-94, 1986) 
preovulatory follicle can reach a diameter of ± 40 mm; Blanchard (Manual of equine reproduction Missouri: Mosby 
1998) claims that this value can reach between 40 - 45 mm; Ginther et al. (Theriogenology, v.69, p.583-590, 2008) 
found that the pre-ovulatory follicle has a diameter of 41 mm reaching a plateau before ovulation. It can be 
concluded that the mare's genetic group "Baixadeiro" showed mean values of follicular diameter in the range 
expected for the equine species. 
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The aim of the present work is to evaluate the administration effect of Dinoprost trometamine (natural PGF2α; 
Lutalyse®, Pfizer Animal Health, Guarulhos, SP) over progesterone plasmatic concentrations and vascular perfusion 
of the corpus luteum (CL), in two different moments of the CL development: D2 (luteogenic phase; D0 = ovulation) 
and D8 (CL maintenance phase). Mares were randomly assigned into four experimental groups. During luteogenesis 
(D2-Saline group, n=6) or maintenance (D8-Saline group, n=7), as control groups, 2mL of saline solution i.m. were 
administered. On treated groups, 10mg (2mL) of PGF2α i.m. were administered during luteogenesis (D2-PGF 
group, n=9) or maintenance (D8-PGF group, n=7). Data collection was performed immediately before treatment 
(H0) and continued every 6h until 48h after treatment on both phases. Vascular subjective (PVS) or objective (PVO) 
perfusions were measured by color Doppler ultrassonography as described by Silva et al. (Biology of Reproduction, 
v.72, p.755-76, 2005). For the CL functionality verification, blood samples were collected at the same moments 
from which plasmatic progesterone (P4) was measured by radioimmuno assay. Luteolysis was considered when P4 
< 1ng/mL. Models for repeated measures were used to compare mean P4, PVS and PVO. Tukey's method was used 
to adjust the values of P resulting from multiple comparisons. Simple linear regression models were used to assess 
associations (PVS x PVO; P4 x PVS, P4 x PVO). It was observed that mares treated during luteogenesis showed a 
slightly decrease in P4 and CL vascular perfusions (PVS and PVO) when compared to control (P>0.05) which 
indicates insignificant effect of the luteolytic at this stage. At D8, a reduction of P4 from H18 when compared to 
control (P<0.05), and luteolysis at H30 were detected. A reduction of Cl vascularitywas detected from H24, and 
PVS showed to be more sensible to detect the decrease in vascular perfusion and strong correlation with P4 
(p=0.001 and r=0.71), which indicates that Doppler ultrasonography is a rapid and practical technique for CL 
functionality evaluation. The use of PGF2α during luteogenesis did not influence CL vascular perfusion and P4, 
however, the slight reduction on the treated mares indicate the existence of a small percentage of luteinic cells 
responsive to the luteolytic. 
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Genes associated to organogenesis, morphogenesis and embryonic development are temporarily suppressed in 
pluripotent cells of mammalian embryos by the trimethylation of lysine 27 of histone H3 (H3K27 me3). H3K27 
methylation is catalyzed by enzymes of the Polycomb Repressive Complex 2 (PRC2); however, this process is not 
entirely known. The AdoHcy hydrolase inhibitor 3-Deazaneplanocin A (DZNep) can prevent the action of the PRC2 
enzymes, therefore inhibiting H3K27 me3. Nevertheless, there are no reports of the action of DZNep in embryos. 
The aim of this study was to evaluate the blastocyst rate and the cell number of bovine embryos cultured with 5 µM 
DZNep from day 3 (D3) or day 5 (D5) of embryonic development. Oocytes from Nelore females obtained from 
slaughterhouse ovaries were subjected to in vitro maturation (IVM) for 24 h at 38.5 °C, with 5% CO2 in air and 
saturated humidity. In vitro fertilization (IVF) was performed with a previously tested frozen-thawed semen from a 
Nelore bull. Oocytes and spermatozoa remained in coculture for 22 h under the same conditions of IVM. At D3 
(considering the day of IVF as D0), the cleaved embryos were randomly separated into 3 groups: exposed to 5 mM 
DZNep from D3 (DZNep D3; n = 80), exposed to 5 mM DZNep from D5 (DZNep D5; n = 81) or without the 
addition of DZNep (control group; n = 82). Four replicates were performed, and the blastocyst rates were assessed at 
D8. All fertilized structures (not only the blastocysts) were fixed in 4% paraformaldehyde and the cell nuclei were 
stained with DAPI to estimate the number of cells. Blastocyst rates were compared between the treatments using a 
logistic regression test and the average number of cells by analysis of variance followed by Tukey test, with 5% of 
significance level. The blastocyst rate obtained with the control group was 34.1%, higher than the ones obtained 
with groups DZNep D3 (11.2%) and DZNep D5 (7.4%), which did not differ. The average cell number of the 
control group was 38.7, higher than the average cell number of groups DZNep D3 (7.5) and DZNep D5 (6.4), which 
did not differ. Based on these results, it can be concluded that H3K27 me3 plays an important role in embryonic 
gene regulation because its inhibition results in decreased blastocyst rates and the produced embryos have fewer 
cells. 
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Due to the asynchrony between metabolic demand and dry matter intake in late pregnancy and in early postpartum 
period, dairy cows undergo a period of negative nutrient balance (NEB). Endocrine and physiological changes 
during NEB, affect the immunological system and the organic defenses. During transition period, dairy cows are 
more vulnerable to health problems, like infections or metabolic diseases. The aim of present study was to examine 
the associations between metabolic variables with uterine health in dairy cows, in winter and summer, and also, 
verify if these variables can be used as predictors of health and fertility programs in tropical conditions. The 
experiment was conducted on a commercial dairy farm (Fazenda Colorado, Araras - SP). We used 245 multiparous 
Holstein cows, for this experiment. The cows were distributed, retrospectively, according to average milk 
production at lactation peak (4 to 8 weeks). The average milk production at peak lactation was 45.9 kg / milk / day. 
Thereafter, cows were allocated within the experimental groups (High Production (AP), ≥ 45.9 to 65kg / milk / day 
at peak lactation; Medium production (MP), between 30 and 45.8 kg / milk at peak lactation). According to 
pregnancy groups, differences in the variables: early birth (P = 0.03), aid delivery (P = 0.05), retained placenta (P = 
0.009), metritis (P = 0.04), and trends in effect creates weight (P = 0.07), displaced abomasum (P = 0.06), ketosis (P 
= 0.08) and endometritis (P = 0.08) were observed. Metabolic factors evaluated in D - 21 were significant predictors 
(P < 0.05) of the uterine diseases occurrence during transition period: serum levels of AST above 90 U / L , glucose 
below 52.4 mg / dL , NEFA above 0.4 mmol / L, BHBA above 0.7 mmol / L, and SOD below 3037.6 U / g Hb. 
High milk production was not a risk factor for the majority of puerperal disorders studied in animal models of this 
study; being the parameters of glucose, NEFA, BHBA, BUN and AST, monitored on day 21 before parturition and 
early postpartum, significant predictors of disease in the postpartum period and fertility, respectively. 
 
Acknowledgments: FAPESP, CNPq, CAPES, Fazenda Colorado, Ourofino animal health. 
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The oocytes used in assisted reproduction techniques are usually taken from 3 - 8mm follicles, which are less 
competent for development that in vivo matured. When removed from follicles, those oocytes resume meiosis 
spontaneously, being deprived of follicular events that occur in pre-ovulatory period. Those events are well known 
to be essential for acquisition of competence. Therefore, alternatives to improve the quality of oocytes should be 
studied to enhance the efficiency of IVP. FGF-10 is a major growth factor secreted by the oocyte. Moreover is 
produced by theca cells, which are absent during IVM. Benefits in cumulus cells expansion, quantity and quality of 
bovine embryos have been reported when the FGF-10 was added during IVM (Zhang et al., 2010, Reproduction, 
140:815-26). The present study aimed to evaluate the effect of FGF-10 (0.5 ng/mL) in pre-IVM and IVM in bovine 
IVP embryos. The pre-IVM medium contained BSA 0.2%, Cilostamide 10μM and FSHrh 10-4 IU/mL, the MIV 0.4 
% BSA and FSHrh 10-1 IU/mL. Initially, the effect of FGF-10 in IVM was evaluated. For this, cumulus oocyte 
complexes (COCs) were aspirated from slaughterhouse ovaries and after selection were divided into 2 groups: T1: 
control with oocytes matured in IVM medium for 22h (n = 124); T2: treatment with COCs matured for 22h in IVM 
medium with FGF-10 (n = 124). Subsequently, the effect of FGF-10 in pre-IVM (22 h) followed by IVM in embryo 
production was evaluated. COCs were divided into 5 groups: C: control, with oocytes matured for 22h (n = 116); 
PCMC: pre-matured oocytes for 22h after matured for 22h (n = 119); PCMFGF: pre-matured oocytes for 22h after 
matured for 22h with FGF-10 (n = 119); PFGFMC: pre-matured oocytes with FGF-10 for 22h after matured for 22h 
(n = 111). PFGFMFGF: pre-matured oocytes for 22h with FGF-10 after matured for 22h with FGF - 10 (n = 113). 
After maturation, oocytes of all groups were fertilized and cultured until day 7 (D7) of development. Cleavage (D2) 
and blastocyst rates (D7) were evaluated. Data were analyzed by Chi-square test (P < 0.05). There was no statistical 
difference on D2 (87.9 and 91.9 %) and D7 (50 and 47.5 %) between T1 and T2. When the effect of FGF-10 in pre-
IVM was analysed, the PGFGMFGF group was similar to control in D2 (84.4 and 82.3%) and D7 (56.8 and 46.9%). 
The other groups were lower than control and similar to each other in D2 and D7 (PCMC: 73.1 and 43.6 %; 
PCMFGF: 78.1 and 42.8%; PGFGMC: 79.2 and 41.4%). The results suggest that FGF-10 did not improve embryo 
production when added during IVM, but when added at pre- IVM and IVM decreases the detrimental effect of 
meiotic block in PIVE.  
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Establishment of pregnancy depends on a well-balanced interplay between the endocrine profiles and the maternal 
reproductive tract. The bovine endometrium is a dynamic tissue that undergoes spatiotemporal functional changes 
directed by ovarian hormones, estrogen (E2) and progesterone (P4). Endocrine actions are primarily mediated by 
binding to specific receptors and subsequent activation of transcription of steroid responsive genes. We aimed to 
characterize the effects of different peri-ovulatory endocrine milieus on the endometrial transcript abundance of 
steroid receptor genes. Nelore cows were pharmacologically manipulated to ovulate small (SF–SCL) or large (LF–
LCL) follicles and to result, subsequently, in greater proestrus concentrations of E2 and diestrus concentrations of 
P4 for the LF-LCL group. Groups were associated with smaller or greater pregnancy success, respectively. In three 
independent experiments, endometrial tissue was collected by transvaginal biopsy on day zero (D0; n=3 and 4), and 
post-mortem on D4 (n=8 and 8) or D7 (n=8 and 9) after GnRH-induced ovulation for SF-SCL and LF-LCL cows, 
respectively. Relative transcript abundance of nuclear progesterone receptor isoform A (PR-A), isoform B (PR-B) 
and isoform C (PR-C); membrane progesterone receptor (PRMC); nuclear estradiol receptor alpha (ESR1) and beta 
(ESR2); membrane estradiol receptor (GPER) and oxytocin receptor (OXTR) was measured by qPCR. Cyclophilin 
A, beta-actin and GAPDH were used as reference genes. For each experiment, data were analyzed by one-way 
ANOVA for the effect of treatment (using SAS software). The pre-ovulatory follicle, subsequent CL size, 
circulating E2 and P4 concentrations were significantly greater in the LF–LCL group (P<0.05). On D0, the 
abundance of transcripts coding for ESR1, PR-A, PR-B and PR-C genes was significantly up-regulated in the 
endometrial tissue from LF–LCL cows compared to the SF–SCL counterparts (P<0.03). On D4, gene expression of 
PR-A, PR-C, PRMC and OXTR was significantly down-regulated in the LF–LCL group (P<0.03). Similarly, on D7, 
expression of PR-B, PR-C and OXTR were significantly down-regulated in the LF–LCL cows (P<0.02). In contrast, 
expression of ESR2 and PRMC was significantly increased in the LF–LCL day 7 endometrial tissue (P<0.03). In 
conclusion, these results confirm that differential peri-ovulatory endocrine profiles impact the transcription of sex 
steroid-responsive genes in a time-specific manner. Complex modulation of receptor expression by proestrus E2 and 
early diestrus P4 may fine-tune downstream expression of target genes in the endometrium to regulate uterine 
receptivity to the developing embryo. 
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The evaluation of sentinel lymph nodes in cases of uterine disorders in bitches might assist in early diagnosis and 
better prognosis. The use of patent blue is usual in human medicine and there are several reports of hypersensitivity 
reactions (Hunting, Allergy, 65:117-123, 2010). The objective of this study was identify possible complications 
during surgery with the use of patent blue dye (Bleu Patente V®, Delpharm Tours, Chambray Lês Tours - France), 
in bitches during uterine lymphatic mapping. The experiment was performed in 14 mongrel dogs without any 
reproductive disease, 1 to 6 years, weighting between 7 and 15 kg, randomly assigned into two equal groups: G-
PBV- uterine infusion dye and ovariohysterectomy (OHE) and G-Control - OHE only. The animals were submitted 
to preoperative exams (total protein, albumin, ALT, ALP, creatinine). The anesthetic protocol was: sedation and 
analgesia - morphine (0.5mg/kg, IM) and acepromazine (0.03mg/kg, IM); induction - propofol (5mg/kg, IV), 
maintenance - inalatory isoflurane; analgesia pre-clamping of the ovarian pedicles - fentanyl (5µg/kg, IV). For 
lymphatic mapping, 0.4 mL of patent blue V was injected in the muscular layer of uterine body and horns, 10 
minutes before OEH. Systolic blood pressure was monitored throughout the procedure and arterial blood gas 
analysis was performed immediate pre and postoperatively. All animals were evaluated in seven days, when the 
preoperative tests were repeated. Comparisons between the pre- and postoperative parameters within the same 
animal were performed using the Wilcoxon-Mann-Whitney test. The parameters evaluated between the pre- and 
postoperative periods between the control and lymphatic uterine mapping groups were compared by the Mann-
Whitney test, with a level of statistical significance of 5%.The mean duration of the surgery was 42.9 minutes in the 
G-Control (only OHE) versus 54.3 minutes in the G-PBV (uterine lymphatic mapping and OHE). All of the 
biochemical parameters evaluated were within the normal range, although differences were observed in the G-PBV 
in both the total protein (p=0.03) and the albumin serum (p=0,02) between the pre- and postoperative evaluations, 
with higher values in the pre assessment when compared with postoperative. There were no extreme changes in the 
heart rate and systolic blood pressure. There was also a difference in the partial pressure of oxygen between the pre- 
and postoperative evaluations in both groups (p=0.04 and p=0.02). The oxygen saturation differed (p=0.02) between 
the pre- and postoperative evaluations in the G-Control. In both cases, higher values were observed in the 
preoperative evaluation compared with the postoperative, probably due to the time of blood collection (pre - animals 
receiving 100% oxygen; Post - extubated animals). There were no signs of adverse reactions to the patent blue V 
dye in all healthy bitches submitted to uterine lymphatic mapping, showing that the patent blue V dye is safe for this 
purpose. 
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Heat stress promotes a series of cellular and physiological alterations in the bovine reproductive tract 
microenvironment, compromising follicular dynamics, oocyte growth and maturation as well as preimplantation 
embryonic development. It has been shown that heat stress alters cellular and embryonic redox state. However, little 
is known about the effects of high ambient temperatures in the redox state of the oocyte microenvironment such as 
follicular fluid (FF). Therefore, the objective of this study was to evaluate seasonal changes in superoxide dismutase 
(SOD) and glutathione peroxidase (GPx) activity and lipid peroxidation in the bovine FF. Slaughterhouse ovaries 
were transported to the laboratory in 0.9% NaCl solution containing 100 units/mL penicillin-G and 100 ng/mL 
streptomycin at 4°C. The FF was aspirated with a needle and syringe, centrifuged for 30 minutes at 4°C and the 
supernatant was stored at -20°C. Samples were collected monthly throughout the year. Dry bulb temperature (DBT) 
and relative humidity (RH) data were collected from Pirassununga Meteorological Station to calculate the 
temperature humidity index (THI) according to Armstrong, 1994 (J Dairy Sci., 77:2044- 2050, 1994). Samples were 
selected from the three months with the highest and lowest THI. Superoxide dismutase activity was determined 
based on cytochrome c reduction by anion superoxide, generated by xanthine-xanthine oxidase system. Glutathione 
peroxidase activity was determined based on NADPH consumption and lipid peroxidation by formation of species 
that reacts with thiobarbituric acid (TBARS). The enzymatic activity and TBARS analysis were conducted in 
spectrophotometer according to Nichi, et al. 2006 (Theriogenology, 66: 822-828, 2006). The THI indicated that 
animals were under moderate heat stress during summer and absence of stress during winter months. Follicular fluid 
SOD activity was not affected by season. However, GPx activity was lower (p=0.05) in FF collected during summer 
(129.93 ±11.4 U/mL) as compared to winter (167.29 ± 11.4 U/mL). There was no effect of season on TBARS. In 
conclusion, summer reduction on FF GPx activity suggests that hydrogen peroxide was not efficiently converted to 
water leading to buildup of this reactive oxygen species. The THI indicated that seasonal heat stress was moderate 
as was the antioxidant unbalance, since SOD activity and TBARS were not affected by season. 
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The objective of this study was to evaluate the influence of energy density of the diet and chromium 
supplementation on serum concentrations of glucose, insulin and non-esterified fatty acids (NEFA) in lactating dairy 
cows. Eighteen crossbred Holstein x Gir cows, allocated in two pastures and receiving free-choice of corn silage and 
water, were grouped by parturition (primiparous x multiparous) and milk yield, and randomly assigned to one of 
three treatments on d0 of the experiment: 1) CON: diet formulated to reach 100% of maintenance and lactation 
requirements, without chromium supplementation (n=6); 2) BPSC: diet formulated to reach 100% and 160% of the 
requirements for lactation and maintenance, respectively, without chromium supplementation (n=6); 3) BPCC: diet 
formulated to meet 100% and 160% of the requirements for lactation and maintenance, respectively, with chromium 
supplementation (n=6; 2.5g of KemTRACETM Chromium Propionate 0.4% - Kemin Industries, Inc. - added in 
97.5g of corn meal/animal/day). Blood samples were collected weekly for serum glucose, insulin and NEFA 
concentrations during the experiment (d0 to d210). Glucose Tolerance Tests (GTT) were performed each 42 days 
(d0, d42, d84, d126, d168, d210). During each GTT cows were infused (i.v.) with 0.5g of glucose/kg of body 
weight. Blood samples were collected at -15, 0, 10, 20, 30, 45, 60, 90 and 120 min relative to infusion. Ovarian 
pick-up was performed for oocyte quality and embryo production evaluation. There was no difference (P=0.74) in 
body weight during the study. Cows from the BPSC and BPCC groups had greater (P=0.02) Body Condition Score 
gain when compared to cows from the CON group. There was no difference (P=0.92) in milk yield between groups. 
Animals in the CON group had greater (P=0.04) serum NEFA concentrations when compared to the ones in the 
BPSC and BPCC groups. A treatment x day interaction (P<0.01) was detected for serum insulin concentrations 
since d175 for primiparous cows and since d28 for multiparous cows. A treatment x day interaction was detected 
(P<0.01) for insulin:glucose ratio for both primiparous and multiparous cows. During GTT serum insulin 
concentrations (P<0.05) were greater for animals in the BPCC when compared to animals in BPSC and CON 
groups. There was no difference for serum glucose concentrations in any of the parameters analyzed. These data 
allow to conclude that dairy cows receiving a high energy density diet develop a lower insulin sensitivity, when 
compared to the animals in the control group, which characterize an insulin resistance status. Also, chromium was 
capable to minimize this condition when supplemented to cows receiving high energy diets. The I:G index and the 
GTT detected insulin resistant cows. Multiparous cows in the BPCC group had greater (P=0.03) oocytes production 
comparing to cows in the BPSC and CON groups. 
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In spite of the advances in the field and the availability of methodologies, the production of transgenic cattle by 
nuclear transfer can still be considered a low efficiency biotechnology. Among other factors, this can be occasioned 
due to the way that exogenous DNA is integrated into the donor cell nucleus. In general, the insert integration into 
chromosomal DNA occurs spontaneously, but it is an uncommon and random process, which makes gene 
expression, when present, unpredictable. The lentiviral transduction, however, allows more precise transgene 
integration. Another factor that may influence transgene expression and thus, the success of the production of a 
transgenic bovine, is the cell type used as donor cell nucleus, since each cell type may have a different pattern of 
transgene expression due to epigenetic factors. Therefore, the aim of this study was evaluate the cell type influence 
[fetal fibroblasts (FF), adults fibroblasts (FA), or cumulus cells (CC)] for incorporation of the GFP (Green 
Fluorescent Protein) transgene derived from plasmid FUGW genetically modified by lentiviral transduction (G1) 
(ViraPower Lentiviral Expression System, Invitrogen, Carlsbad, USA) or by lipofection (G2) (Lipofectamine 2000, 
Invitrogen, Carlsbad, USA). The samples were analyzed 48 hours post transfection by flow cytometry (FACSAria, 
Software: FACSDIVA). 10,000 cell/repetition were count and two repetitions were made. Transfections were 
performed following the manufacturers' instructions. Since significant interactions were observed (P < 0.05), the 
analyses were made for each cell type in relation to each treatment. Means were compared by SNK test (Student-
Newman-Keuls, P<0.05). The lentiviral system (G1) showed to be the most efficient transfection method 
independent of cell type analyzed (FF: 88.8 % ± 0.98, FA: 91.6 ± 2.96% CC: 60.7 % ± 14.7) and differed 
significantly from G2 (FF : 17.8 ± 2.82; FA: 10.66 ± 0.65, CC: 3.9 ± 1.97). When the lipofection was used, fetal 
fibroblasts showed a higher number of GFP+ cells being followed by adult fibroblasts and the cumulus cells. With 
respect to fluorescence intensity, which is related to levels of expression, there was no difference between G1 (FF: 
4273 ± 118.79; FA: 7957.5 ± 1120 CC: 6020.5 ± 310.42) and G2 (FF: 4542 ± 497.09; FA: 9367.5 ± 3490; CC: 3486 
± 2638). With regard to cell type, adult fibroblasts showed higher fluorescence intensity, followed by granulosa cells 
and fetal fibroblasts, in boot transfection methods. Thus, it can be concluded that the efficiency of gene transfer 
differs between cell types according to the transfection method used and that the lentiviral transduction resulted in 
enhanced transfection rates independent of cell type analyzed. 
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Differently from other usual cell cultures which aim to obtain protein or virus products from cells, pluripotent stem 
cells culture presents a challenge: a culture whose aim is to improve the number of cells in an undifferentiated state. 
Despite the high biomedical potential, the maintenance of in vitro pluripotency is still considered a problem in 
domestic species.  There are many studies involving primates and murines embryonic stem cells (ESCs). However, 
there is still little information for the equine species. ESCs are pluripotent cells derived from inner cell mass, 
obtained from pre-implanted blastocysts. On the other hand, iPS cells are adult cells genetically reprogramed to an 
embryonic state, expressing genes and important factors for the maintenance of pluripotents properties. The aim of 
this work is to compare the expression of pluripotent markers between equine ESCs and iPS cells. For ESCs culture 
an equine fibroblast monolayer was used, and a mouse fibroblast monolayer was used for iPS cells culture, both 
properly blocked with Mitomycin C. The ESCs were obtained from inner cell masses from fresh and cooled equine 
blastocysts. For iPS transfection, lentiviral vector STEMCCA, composed with the combination of four transcriptions 
factors (Oct-4, Sox-2, Klf4 and c-Myc) was used, through equine umbilical cord cells. The immunofluorescence was 
made in embryonic-like stem cells colonies and iPS. The cultures were fixed and immunostained according to the 
manufacturer’s recommendation. For the evaluation of pluripotents markers immunofluorescence, ESC and iPS cells 
colonies were cultured in 24 wells coated plated dishes and stained with monoclonal antibodies of ESC Chemicon® 
kit (Milipore, SCR 002). The immunofluorescence protocol utilized was effective, once equine ESCs obtained from 
fresh embryos were positively stained for Oct-4, SSEA-1 and SSEA-4, although TRA-1-60 and TRA-1-81 showed 
less labeling. The equine ESC from cooled embryos were positively stained for Oct-4, SSEA-1, -3 and -4. iPS cells 
only expressed Oct-4 marker. The negative expression for the other pluripotents markers on iPS cells can be 
explained by the utilization of nonspecific markers (mouse), once the viral vectors were built based in human DNA. 
The pluripotent characterization is necessary to confirm the equine ESC and iPS lineage, with marker 
standardization for equine species. 
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Mesenchymal stem cells (MSC) are multipotent stem cells with well-defined characteristics and intrinsic capacity 
for self-regeneration and differentiation into functional cell types (Baksh D, Journal of Cellular and Molecular 
Medicine, v. 8, p. 301-16, 2004). These cells can be used in regenerative medicine in humans (Wagner W, 
Experimental Hematology, v. 33, p. 1402-16, 2005) and domestic animals (Cremonesi F, Theriogenology, v. 75, p. 
1400-15, 2011). The objective of this study was to isolate, characterize and differentiate in MSC, different cellular 
types from amniotic fluid, adipose tissue and Wharton jelly. Firstly, transvaginal amniocentesis by ultrasound-
guided was performed in a Guzerá cow with 65 days of pregnancy for recovery of amniotic fluid. The fluid obtained 
was centrifuged at 135g for 10 min and the supernatant was discarded. The sediment was resuspended in 3 mL 
Amniomax Complete II Medium (Gibco-BRL/Life Technologies, Rockville, USA). The umbilical cord was 
collected during parturition of this cow, and Wharton’s jelly cells (WJC) was isolated by explant and cultured in 
Dulbecco’s Modified Eagle Medium (DMEM/Invitrogen Life Science, Rockville, USA). The adipose tissue 
collection was realized in the same animal with seven months old.  The biopsy of skin and adipose tissue was 
collected from perineal region and immediately immersed in phosphated-buffered saline solution (PBS) 37°C. Cells 
from skin and adipose tissue were culture of the same form that WJC. The morphological analysis was performed by 
brightfield and scanning electron microscopy (SEM) during cellular culture. For phenotypic and genotypic 
characterization of these cells, flow cytometry, immunohistochemistry, RT-PCR and differentiation induction in 
different cell lineages were performed. SEM micrographs revealed that adipose cells (AC) presented fusiform 
morphology; amniotic fluid cells (AFC) and WJC did not present defined form under culture. It was demonstrated 
that bovine WJC, AC and AFC can differentiate into osteogenic, chondrogenic and adipogenic lineagesas confirmed 
by Alizarin Red, Safranin O and Oil Red stains, respectively. Moreover, these cells were positive for CD105, CD73, 
CD29, CD90 and H2A markers and negative for CD45, CD34 and CD44 markers. As reported by the International 
Society of Cellular Therapy, MSC populations have to express CD73, CD90 and CD105. Both CD45 and CD34 are 
considered hematopoietic surface markers and are not expected their expression in MSC, as confirmed in the present 
study. The results showed that cells from amniotic fluid, adipose and Wharton jelly tissue are mesenchymal stem 
cells and can be used in the field of regenerative veterinary medicine and reproduction by nuclear transfer. 
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The recent generation of bovine iPS cells (biPS) represent an important tool for improving the production of cloned 
animals since the use of undifferentiated nuclei donor cells (NDCs) have already shown to enhance nuclei 
reprogramming after nuclear transfer (NT). The efficient cell cycle synchronization of NDCs is crucial for 
successful developmental rates after NT. The most common protocols involve the serum starvation for 24 to 72h or 
else the use of cell-cycle controlling drugs, followed by nuclear transfer of the nuclei donor to the metaphase-II 
ooplast. Herein biPS cells were generated and the rates of cell cycle synchronization aiming its use as NDCs at NT 
was evaluated. For that, biPS cells were transduced with murine lentiviral pluripotency-related transcription factors 
(Oct4, Sox2, c-Myc and Klf4 - OSKM) in bovine fibroblasts, characterized regarding its pluripotency and submitted 
to the treatments: knockout serum starvation for 24h (starving 24h), supplementation with roscovitine at 15µM for 
12h (rcv 12h) and at 15µM for 24h (rcv 24h), and a control group. The cell cultures were treated following 
recommendations of the BD Cycletest Plus DNA Reagent Kit commercial kit and the cell cycle was analyzed by 
flow citometry (FACSCalibur, BD) in six replicates; the data was obtained with the CellQuest Pro Software and 
further analyzed by the ModfitLT V3.0 software. The percentage of cells in G1 was analyzed by Tukey test at 5% 
significance. The analysis on fibroblasts showed that the three treated groups were synchronized in G1, and the 
starving 24h group (average of 92.12% ± SD of 3.70) was more efficient than the rcv 12h (85.20±3.08) and rcv 24h 
(83.18±0.59) groups, when compared to the control group (68.24±5.18). In biPS cells, starving 24h (37.71±4.58) 
and rcv 24h (41.54±2.22) groups were similar to control (37.52±5.15), and however rcv 12h group (47.58±1.65) in 
the biPS was different from the other groups, the synchronization rate (inferior to 50%) is not satisfactory for its use 
as NDCs at TN. Moreover, serum starvation longer than 24h, as well as roscovitine treatment longer than 24h or in a 
concentration of 50µM or higher led to the loss of typical iPS morphology and high rates of cell death. The three 
treated groups were used as NDCs at NT in at least one replicate, and preliminary results showed no difference on 
embryo production between groups. In conclusion, the non-synchronization of the iPS cell cycle hampered the 
observation of a possible beneficial effect of its use in NT when ooplasts in metaphase-II were used. Other 
methodologies allowing the use of non-synchronized iPS cells in NT should be explored. 
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The zona pellucida (ZP) is a protective barrier of embryonic cells against chemical, physical and biological 
substances. For this reason, usual transfection methods are not as efficient for mammalian oocytes and embryos as 
they are for somatic cells. Carbon nanotubes (CNTs) have emerged as a new method for gene delivery and they can 
be an alternatively used for embryos transfection, but its ability to cross the PZ and mediated gene transfer is still 
unknown. The aim of the present study was to determine whether multiwall carbon nanotubes (MWNTs) could pass 
through the PZ and delivery pDNA for in vitro-produced bovine embryos and their effects on apoptosis in bovine 
blastocysts. Oocytes obtained from ovaries collected at a local slaughterhouse were in vitro matured with TCM 199 
(Invitrogen, California, USA) supplemented with 20 μg ml-1 FSH (Sigma, St. Louis, USA) and 10% fetal calf 
serum (FCS; Invitrogen) in high humidity, under 5% CO2 in air at 38.5°C for 24h. Maturated oocytes were 
subjected to in vitro fertilization in 100-µl drops of Fert-TALP supplemented with heparin and 2x106 
spermatozoa/ml-1 for 6h in a humidified atmosphere of 5% CO2 and 38.8 ºC. Presumptive zygotes were distributed 
randomly in the following groups: G1 (control group - without MWNT); G2 (0.2 μg pDNA: 0.2 μg ml-1 MWNT), 
G3 (0.2 μg pDNA: 2 μg ml-1 MWNT) and G4 (0.2 μg pDNA: 4 μg ml-1 MWNT). Transfection was allowed to 
proceed in serum-free CR2aa medium for 12 h at 38.5°C in an atmosphere of 5% CO2. Subsequently, the embryos 
were transferred to CR2 medium containing 2.5% FCS under 5% O2, 90% N2 and 5% CO2 at 38.5°C in air and 
high humidity for 7 days. GFP expression in the transfected embryos at day 3 (72h post-fertilization) was observed 
under fluorescent microscope. Real time PCR examination (Applied Biosystems Prism 7300 Sequence Detection 
Systems, Foster City, EUA) was performed using the genomic DNA of the transformed embryos (n=30 per group). 
Blastocysts at eight day post-fertilization from G1 (n=19), G2 (n=23), G3 (n=16) and G4 (n=16) were fixed and 
permeabilized for TUNEL assay (DeadEndTM Florimetric TUNEL System-PROMEGA). Statistical analysis was 
performed by chi-square test or ANOVA (P<0.05). GFP expression was observed as in-situ fluorescence at 3 days 
post-transfection (embryos at 2 to 8-cell stage) for G2, G3 and G4. However, the expression GFP was not observed 
at blastocyst stage. The rate of positive-GFP embryos by PCR analysis in G4 (46.67%, n=14/30) was higher 
(P<0.05) than in G2 and G3 (3.33%, n=1/30). Apoptosis index was higher (P<0.05) in blastocysts from G2 
(15.12±1.21), G3 (19.48±2.30) and G4 (18.20±1.90) than those in G1 (10.28±2.83). In conclusion, we showed that 
MWNTs are able to deliver the GFP gene into embryos. However, further studies are required to identify non-
harmful exposure period and MWNT concentration. 
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Transposable elements are DNA segments with the unique ability to move within the genome. In particular, 
transposons can be applied as vectors for gene transfer in vertebrates, and have already proven efficient to produce 
transgenic mice and pigs. Among them, the Tn5 transposition system allows the use of the commercial Tn5 
transposase protein to generate in vitro the transposome complex with the transgen. Previously, we demonstrated 
that simple Tn5 cytoplasmic injection was efficient to produce high rates of transgene expressing embryos in vitro 
and confirmed integration in embryos by southern blot. In this work, Tn5 transposition mediated transgenesis was 
evaluated for the first time to produce transgenic ovine capable to express human recombinant factor IX (hrFIX) in 
milk. With this aim, adult Hampshire Down donor sheep were superestimulated (n=4) by insertion of intravaginal 
sponges for 14 days and during days 12-14, were injected with decreasing doses of FSH im every 12 h, administered 
twice daily for up to 12 h before sponge removal. On day 14, sponges were removed and a single dose of eCG (200 
IU) was applied. The estrus was detected by males, and the ewes were inseminated by laparoscopy with 
frozen/thawed semen. Afterwards (16 h post insemination), presumptive zygotes were collected from the oviducts 
and cytoplasmically microinjected with the complex Tn5: hrFIXtransposon (20 ng/ul; protein: transgene with 
mosaic ends recognized by the transposon), in Mg+2 free medium. Immediately after microinjection, zygotes were 
transferred into receptor ewes oviducts (synchronized as donors, without the addition of FSH). As a result, a total of 
28 presumptive zygotes were recovered and microinjected with the complex Tn5:hrFIX. A total of 12 microinjected 
presumptive zygotes were transferred to 5 donor ewes. It was obtained 1 pregnancy of siblings, but only one animal 
was born. The tissues and blood of the newborn were analyzed by nested PCR and it was determined that the animal 
was not transgenic. It is necessary to repeat the experience in order to determine the efficiency of Tn5 transposon 
transgenesis technique in ovine. 
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Transgenic animals expressing recombinant protein of interest have an important economic value and its death may 
represent a big loss of investments. Our group obtained by DNA microinjection (Freitas et al., Small Rum. Res., 
105:105-113, 2012) one transgenic female goat for human Granulocyte Colony Stimulating Factor (hG-CSF) which 
died after septicemia. The aim of this study was to use the somatic cell nuclear transfer technique for recovering the 
genetic material of this animal. Therefore, oocytes were collected by laparoscopic ovum pick-up from crossbred 
goats (n = 9) previously treated with progestagen/luteolytic/FSH. The oocytes were evaluated and selected for in 
vitro maturation (IVM) in supplemented TCM199 media for 21-23 hours in humidified atmosphere of 5% CO2. 
After IVM, the oocytes were denuded and stained with Hoescht 33342 for performing the oocyte enucleation by the 
use of inverted microscope (Nikon, TE2000, Japan) and micromanipulators (Narishige, Japan) under ultraviolet 
light. Caryoplasts were obtained from fibroblast culture from the transgenic founder female. The embryos were 
reconstructed by eletrofusion (Multiporator, Eppendorf, Germany) and subjected to culture in supplemented SOF in 
humidified atmosphere with 5% CO2, 5% O2 e 90% N2. For embryo transfer, four recipients with synchronized 
estrus were used. Pregnancy diagnosis was performed at 30 days after embryo reconstruction by ultrasonography 
(FalcoVet, Piemedical, Netherlands). A total of 195 follicles were punctured and 162 oocytes were obtained, 
resulting in a recovery rate of 83.1%, with 158 of quality compatible for IVM (97.5%). The maturation rate was 
93.7% (148/158) and from matured oocytes, 106 were reconstructed, 102 were fused and 70 activated and subjected 
to culture, leading to an efficient rate of 43.2% (70/162). After culture, the development rate was 54.3% (38/70). 
Embryo transfer was performed in three sessions: a) one day post-reconstruction, in which 18 presumable zygotes 
were transferred to two recipients; b) two days post-reconstruction, in which, eight zygotes were transferred to two 
recipients and c) reconstructed zygotes were cultured for seven days but they were not transferred, due to the 
absence of response in recipients. No pregnancy was obtained during the pregnancy diagnosis by ultrasonography. 
In conclusion, despite a satisfactory number of oocytes obtained for further manipulations, it is imperative more 
repetitions with a higher number of recipients in order to be possible the recovery of this transgenic line. 
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Animal cloning is a biotechnology with emerging commercial application that has been improving its efficiency 
despite low productivity. The low birth rates of healthy clones are attributed to high incidences of placental 
abnormalities leading to embryonic and fetal losses (Md Munir Hossain, BMC Genomics, 43, 1-15, 2014). Aiming 
to demonstrate the indexes obtained by the CENATTE Embriões/SEMEX Team, we monitored 885 cloned embryo 
transfers (ET) from 21 fibroblasts donors (20 female and 1 male), from October 2009 to May 2013 (Breeds: Gir, 
Brahman, Guzerá, Nelore and Tabapuã). The fibroblast were obtained by explants from caudal fold and the cloning 
technique utilized was done with micromanipulators according to Campbell (reviewed by Campbell et al, Cloning 
and Stem Cells, 3, 201-208, 2001). The efficiency rates were evaluated: ET, gestation and healthy clones delivered 
at 3 months. From the 885 ETs diagnosed by ultrasound, 41.8% (370/885) pregnancies were observed at 30 days 
gestation, and confirmed 21.7% (192/885) at 60 days. The gestational losses reached 48.1% (178/370) between 30 
and 60 days and 80.2% (297/370) between 30 days to term. In addition, 8.3% births occurred (73/885), 67 clones 
were alive and 6 stillborn. The data of pregnancy and gestational losses are close to those presented by Y. Heyman, 
which obtained 33.5% (45/133) of pregnancy at 35 days, 57.7% (26/45) gestational losses between 35 and 70 days 
and 80.0% (36 /45) between 35 days until birth (Heyman Y et al., Biology of Reproduction, 66, 6-13, 2002). The 
postnatal survival was equivalent 71.6% (48/67). However, 28.4% (19/67) had some form of physical defect. 
Considering the total of 885 ETs, 1 male clone and 28 female healthy clones were delivered to customers up to the 
third month of life, representing an efficiency index in the entire process of commercial bovine cloning of 3.3% 
(29/885). This rate comes close to literature that states 5% of cloned embryos come to birth (Palmieri C, Vet 
Pathology, 45, 865-880, 2008). Considering breed, the cloning efficiency was 4.3%, 4.4%, 1.2%, 2.4% and 9.4% to 
Gir, Brahman, Guzerá, Nelore and Tabapuã, respectively. Donors that produced clones had an efficiency variation 
between 0.9% and 12.5%. However, 24.3% (7/21) never produced healthy calves. The data stated is similar to the 
one cited by Panarace, which 9% of embryos transferred resulted in clones with an efficiency variation of 1 to 10%, 
but 24% of the cell cultures never produced healthy calves (Panarace M et al., Theriogenology, 67, 142-151, 2007). 
Raising the viability of healthy clones may be associated improving the techniques of nuclear transfer, as well as, 
improving neonatal care. This would allow greater productivity of the entire bovine commercial cloning technique. 
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During peri-implantation period canine embryos are nourished by secretions into the uterine lumen, in which several 
proteins are present. The aim of this study was to compare the protein profile in uterine secretion in pre and post 
implantation period, using two-dimensional electrophoresis technique. For that, we used 10 canine females 
artificially inseminated, being five females submitted to OHE on the 16th day after the preovulatory LH surge 
(group A), and with the presence of blastocysts and five females were castrated on 25th day after the preovulatory 
LH surge (Group B), observing the presence of embryonic vesicles. The samples were obtained by uterine flushing 
using PBS solution and resulting washed was stored at -20oC. We prepared pools with these samples, each one 
containing five samples of the respective groups. Two-dimensional electrophoresis were performed with 138.40 
µg/uL of protein per strip (7 cm) and four replicates per group. The gels were stained using Coomassie G-250, 
scanned and interpreted in a specific software (Image Master version 7.0, GE HealthCare, Upsalla, SE). Fifty spots 
were expressed in group A and 43 spots in group B. Two proteins were expressed exclusively in group A and 24 
proteins exclusively in group B. Based on that, the protein production in uterus post implantation is higher than 
uterus in pre- implantation phase, when the embryos are at migratory state. This fact can be attributed the presence 
of proteins involved in intimate connection in embryo-endometrium, which are important in the decidualization 
process and a better understanding of the molecular participation in implantation process will allow the knowledge 
of the failures on blastocyst nidation in the canine endometrium. 
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After decades of research seeking for an efficient protocol for the cryopreservation of in vitro-produced (IVP) 
bovine embryos, recently it has become possible to achieve commercially viable pregnancy results using the 
vitrification method. However, the complex process of rewarming these embryos after vitrification remains an 
obstacle to the commercial use of this technique, with low applicability under field conditions. The aim of this study 
was to assess the pregnancy rates obtained after the transfer of IVP bovine embryos frozen by the slow method and 
transferred directly to the recipients. Oocytes recovered by ovum pick up (OPU) of Nelore females were selected 
and subjected to in vitro maturation (IVM) for 24 h at 38.5 °C with 5% CO2 and saturated humidity. In vitro 
fertilization (IVF) was performed with a previously tested frozen-thawed semen from an Angus bull. The oocytes 
remained in coculture with spermatozoa for 22 h under the same conditions of IVM. After this period, presumptive 
zygotes were denuded and cultured for seven days under the same temperature and humidity conditions of IVM and 
IVF, but with 5% CO2 and 5% O2 in air. Grade I embryos in BL or BX stages were exposed to ethylene glycol 
(EG) 1.5 M for 10 min and were placed in the freezing machine TK-1000®, previously stabilized at -6 °C. After 5 
min of exposure to EG 1.5, the embryos were loaded into 0.25 mL straws. The straws contained 5 columns of media 
separated by air bubbles, the central column being composed of 1.5 M EG and the embryo, and the 4 lateral columns 
being composed of 0.5 M EG (thawing medium). Two minutes after placing the embryos in the freezing machine, 
the crystallization of the straws was carried out in the two center columns that were closest to the embryo (above 
and below). After crystallization, a freezing curve of 0.5 °C per minute was carried out until the temperature of -32 
°C was reached. When the freezing curve was completed, the straws were placed in appropriate racks and stored in 
liquid nitrogen until the day of the embryo transfer. For thawing, the embryos were removed from liquid nitrogen, 
exposed to air for 10 seconds and immersed in water at 35 °C for 30 seconds. The embryos were transferred to 
selected recipients seven days after natural estrus. The pregnancy rate obtained was 40% (62/155). In the same 
property and in the same period, vitrified IVP embryos and fresh IVP embryos of several breeds were transferred. 
The transfer of vitrified embryos resulted in a pregnancy rate of 37.5% (162/432) and the transfer of fresh IVP 
embryos resulted in a pregnancy rate of 49.6% (576/1162). The rates obtained with the direct transfer of frozen IVP 
embryos indicate that this protocol provides results similar to those obtained after the transfer of vitrified IVP 
embryos. We highlight the positive aspects of establishing a technique that enabled the cryopreservation of IVP 
embryos with the convenience of the direct transfer. 
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The color Doppler ultrasonography, an effective and practical real time procedure for the non-invasive evaluation of 
blood vessels and tissues, is considered one of the most appropriate techniques to study the hemodynamics of the 
reproductive tract of large animals (GINTHER, OJ Animal Reproduction Science, v. 99, p 213-220, 2007). The 
present study aimed to evaluate the perfusion of the primary CL and its correlation with the positive diagnosis of 
pregnancy in mares. A total of 16 healthy crossbred mares aged from 4 to 15 years old was used. They were divided 
into two groups, one group of pregnant mares (n = 8) and other of non-pregnant mares (n = 8). Both groups were 
evaluated on blood perfusion of CL and plasma progesterone profile (RIA). All parameters we reassessed seven and 
fourteen days after ovulation (D7 and D14). The mares were examined by B-mode and Power-flow mode 
ultrasonography. The blood perfusion of CL was estimated in real time, taking into account the percentage (0-100%) 
of luteal tissue with colorful signs displayed during continuous Doppler ultrasonographic examination of at least one 
minute. The assess mentor blood perfusion was divided into three classifications: below 50% (poorly vascularized); 
between 50 and 75% (vascularized) and between 75 and 100% (highly vascularized). It was used the Chi-square test 
at 5% probability to analyze blood perfusion in both groups. The amounts of progesterone in the two different 
groups were subjected to statistical analysis of variance at 5% probability. In the group of non-pregnant mares, at the 
moment D7, 12.50% (n = 1) of mares showed poorly vascularized CL; 37.50% (n = 3) of mares showed 
vascularized CL and 50% (n = 4) of mares showed very vascularized CL. At moment D14, 12.50% (n = 1) of mares 
showed poorly vascularized CL; 62.50% (n = 5) of mares showed vascularized CL and 25.00% (n = 2) of mares 
showed very vascularized CL. In the group of pregnant mares, at moment D7, 0% (n = 0) of mares present poorly 
vascularized CL; 0% (n = 0) of mares presented a vascularized CL and 100% (n = 8) of mares present every 
vascularized CL. At moment D14, 25.00% (n = 2) of mares showed poorly vascularized CL; 75.00% (n = 6) of 
mares showed vascularized CL and 0% (n = 0) of mares had very vascularized CL. It was observed that the 
distribution among the blood perfusion classes had a significant effect in either mares, pregnant or not. In assessing 
the circulating concentrations of progesterone it was not observed differences between two groups (P> 0.05), being 
10.25 ng / ml vs 14.10 ± 5.92 ng / mL ± 2.39 and 11.67 ng / mL ± 8.74 vs 10.39 ng / mL ± 2.61 at moments D7 and 
D14, respectively for non-pregnant and pregnant mares. In summary, the color Doppler ultrasonography may 
suggest a positive pregnancy diagnosis, since the pregnant mares showed a primary CL more vascularized than non-
pregnant mares. 
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Body condition in cattle is closely related to reproductive performance and it is widely used as a parameter to select 
embryo recipients. The aim of the present study was to evaluate the potential of using three-dimensional models 
(3D) to assess body condition in bovine. Cross-bred (Holstein-Zebu) cows were used (n=70). In the first experiment, 
3D models of the posterior region of the animals were generated using an infrared sensor connected to a laptop 
computer equipped with custom-developed software (ReconstructMe). Another software (Rhinoceros) was used for 
measurements. At the base of the tail, depth was measured from a perpendicular line between the skin surface and 
the reference line traced between both ischium. In rump region, the reference line was traced between ilium and 
ischium. In lumbar region, reference line was traced between transverse and spinous processes of the lumbar 
vertebra near the 13th rib. As reference parameters were used, as follows: visual evaluation of the body condition 
score (BSC, Edmonson et al., 1989), and measurement of fat thickness by ultrasonography at insertion of biceps 
femoris muscle (region 1) and the region of longissimus dorsi muscle between 12th and 13th ribs (region 2), both 
performed by the same technician immediately after 3D model construction. The association between variables was 
evaluated by Pearson’s correlation method. The values obtained by objective measurements using 3D models were 
highly and significantly correlated with BCS and fat thickness in regions 1 and 2, both at the base of the tail 
(R=0.80, R=0.62 and R=0.62; respectively, P<0.0001) and rump regions (R=0.72, R=0.71 e R=0.72; respectively, 
P<0.0001). On the other hand, the measurements performed at dorsal region had lower correlations with the 
reference parameters (R=0.47, R=0.28 and R=0.35; respectively, P<0.05). In the second experiment, three 
experienced BCS evaluators (A1, A2 and A3) received colored images and 3D models of the posterior region of the 
animals used in the first experiment. Each evaluator assigned BCS values to the colored images and thereafter to the 
3D models, without knowing the relation between them. Correlations between the evaluators tended to be higher for 
BCS values assigned to 3D models (A1 x A2, R=0.84; A1 x A3, R=0.91; A2 x A3, R=0.81; P<0.0001) than for BCS 
values assigned to colored images (A1 x A2, R=0.79; A1 x A3, R=0.85; A2 x A3, R=0.79; P<0.0001). These results 
demonstrate that objective assessment of body condition using 3D models is consistent with the conventional 
evaluation by visual score or by subcutaneous fat thickness using ultrasonography; and 3D models can also be used 
to subjective evaluation of BCS.  
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Vitrification in an efficient method for cryopreservation of in vitro-produced bovine embryos. Ethylene glycol (EG) 
is commonly used as cryoprotectant in vitrification solutions due to its high permeability. However, vitrification 
requires high concentration of EG, which increases potential harmful effects on the embryos due to toxicity. The 
addition of a methyl group to the structure of EG generates ethylene glycol monomethyl ether (EGMME), with 
improved vitrification capability that is yet to be tested for in vitro production (IVP) of bovine embryos. The 
objective of this study is to evaluate the re-expansion and hatching rates of bovine embryos produced in vitro after 
exposure to different concentrations of EGMME. Oocytes from ovaries collected in an abattoir were used for IVP of 
bovine embryos using a commercial medium (Biotecnologia Animal®, Brazilia, DF, Brazil). The 704 blastocysts 
and expanded blastocysts obtained after twelve replications, were cultured in 199 medium at 35°C and divided in 
four treatments (n = 176 each): control: without cryoprotectant; T: 10% EGMME; T2: 15% EGMME; and T3: 20% 
EG. All embryos were kept in the medium for 5 min, and then washed in sucrose gradients (0.4, 0.26, and 0.16 M), 
for 5 min each. After culturing the embryos in SOFaa during 24 h, the rates of re-expansion (after 12 h) and 
hatching (after 24 h) were determined. Such rates were compared among treatments through the Kruskal-Wallis 
analysis of variance for non parametric data, using the Statistix® software. Mean re-expansion rates did not differ 
for control, T1, T2 and T3 (P > 0.05): 23.8%; 17.7%; 10.5%; and 15.2%, respectively. Likewise, hatching rates were 
similar among treatments (P > 0.05): 74.4% for the control; 74.3% for T1; 43.8% for T2; and 66.5% for T3. 
Therefore, the inclusion of EGMME in vitrification solutions, at the concentrations tested, did not incur in toxic 
effects for bovine embryos produced in vitro. Further studies will be conducted to evaluate the effect of EGMME in 
association with dimethyl sulfoxide, which is the most commonly used cryoprotectant in vitrification of bovine 
embryos produced in vitro. 
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The aim of the present study was to evaluate the effect of an estradiol benzoate and progesterone protocol 
administration, for preparing non-cyclic embryo recipient mares, on endometrial estrogen and progesterone 
receptors gene expression. Twelve mares were used during anestrus (Anestrus group), transition (Transition group) 
and subsequently during cyclic phase (Control group). Mares from Anestrus and Transition groups were treated with 
a single dose of 2.5mg of estradiol benzoate (EB; Estrogin™, Farmavet, Brazil) and 48 hours after they received 
1500mg of long action progesterone (LA P4; Sincrogest Injetável™, Ourofino, Brazil). Control group mares did not 
receive hormonal treatment. Uterine biopsies were performed using an equine uterine biopsy instrument 
(Botupharma, Botucatu, Brazil) immediately before the onset of EB treatment (M1), 48 hours after EB 
administration (M2) and five days after LA P4 administration (M3) in Anestrus and Transition groups. In the 
Control group, samples were collected during estrus, when uterine edema and at least a 35mm follicle were detected 
by ultrasonography, and during diestrus, five days after ovulation. The biopsies were preserved in liquid nitrogen 
inside sterile cryovials until further processing. The relative gene expression analysis of estrogen receptor alpha 
(ERα) and beta (ERβ) and progesterone receptor (PR) was performed by RT-qPCR, using the GAPDH as a 
reference gene. The Wilcoxon signed-rank test for paired data was used to compare relative gene expression 
between the studied moments. The administration of EB did not affect ERα and PR gene expression (p>0.05) in 
Anestrus and Transition groups, although a 2.6-fold reduction of ERβ expression was observed in Anestrus group 
(p<0.01). The administration of LA P4 in Anestrus group did not affect ERα expression in M3 (p>0.05), although a 
2.5-fold reduction in ERβ (p<0.01) and 1.2-fold reduction in PR (p<0.05) were found. In Transition group, only 
ERβ expression was reduced (2.3-fold; p<0.05) in M3. There were no differences detected on the three receptors 
gene expression between moments M2 and M3 in Anestrus and Transition groups, as opposed to Control group, in 
which ERα, ERβ and PR expression were lesser during diestrus than estrus (2.9-fold, 3.8-fold and 3.2-fold, 
respectively; p<0.05). In conclusion, the administration of 2.5mg of EB and 1500mg of LA P4 did not affect ERα 
and PR gene expression dynamics, as found in the corresponding phases in cyclic mares. However, the 
administration of EB reduced the ERβ expression in anestrous mares, although this finding was not observed in 
transitional and cyclic mares. Therefore, the evaluation of different hormonal protocols becomes necessary and the 
role of ERβ in non-cyclic and cyclic mares needs to be elucidated.  
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The cryopreservation of in vivo produced embryos is well established and widely used, but the same is not observed 
with embryos in vitro produced. The study of epigenetics in such embryos should help to identify differences 
between in vivo and in vitro produced embryos that could explain the differences of their viability after 
cryopreservation. Methylation at lysine 4 of histone 3 (H3K4), in general, is related to the active state of chromatin, 
allowing access of the transcription machinery. Accordingly, the objective of this study was to evaluate the 
epigenetic modifications in bovine embryos produced in vivo, fresh or cryopreserved, by identifying the 
trimethylation of H3K4. Girolando cows were submitted to superovulation protocol (SOV) with FSH and embryo 
were collected seven days after artificial insemination by uterine flushing. Thirty-seven SOV procedures were 
performed 60 days apart with semen from the same bull. Only embryos of excellent quality, according to the IETS 
standards were used for immunofluorescence. Fresh embryos (n=15) were fixed in paraformaldehyde (3%) 
supplemented with sacarose (2%) and stored at -20°C for later analysis. The embryos (n=15) were cryopreserved by 
slow freezing method and after few days they were thawed and stored in paraformaldehyde (3%) supplemented with 
sacarose (2%). After blocking and permeabilization, the embryos were exposed to polyclonal antibody against tri-
methylated H3K4 (CellSignaling®) at a concentration of 1:1000, overnight at 4°C. They were then exposed to the 
secondary antibody (anti-Rabbit Alexa 647; Invitrogen A21245) at a concentration of 1:200, and then subjected to 
staining of the nucleus (SYBR Green, Molecular Probes, Goettingen, Germany, 1:500). Embryos were individually 
evaluated under immunofluorescence and confocal microscopy.  The same pattern of staining was observed in all 
groups, indicating that embryos produced in vivo, fresh and cryopreserved present an intense and well distributed 
patter of H3K4 in the trimethylated form. 
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Embryonic morphological classification has great importance for several laboratory techniques (from basic to 
applied research in assisted reproduction). However, the current method to perform the classification of embryos in 
various degrees of quality has always been based on the subjectivity of the evaluator, and besides a great variety of 
descriptions of morphological characteristics that categorize an embryo in each grade, there is no accurate method 
that can generate consistent and reliable results for morphological classification. This paper presents partial results 
in the development of a software able to perform the classification of morphological quality in bovine embryos. 
Digital Image Processing and Artificial Intelligence Techniques (specifically Artificial Neural Networks - ANN) 
were used as a base of implementation. Test data of 56 embryos were used for verification of the results (15% of the 
total database). The data were randomized and submitted to ANN only after completion of training. Thus, it is 
possible to ascertain whether the training was really effective, and learning from RNA occurred correctly. For 
blastocysts Grade 1 (Excellent), the ANN currently has an 84.2% accuracy in classification. For Grade 3 blastocysts 
a hit of 88.9%. The classification of Grade 2 blastocysts still has a hit of only 20%. Analyzing the database as a 
whole, the accuracy of the ANN is 75%. Partial results achieved demonstrate that it is possible to obtain a fully 
automated information extraction process and a classification system based on Artificial Neural Networks to obtain 
a correct evaluation of morphological quality of a bovine blastocyst, and the current system is satisfactory (accuracy 
greater than 80%) for the classification of blastocysts in grades 1 and 3 (according to the classification 
recommended by the IETS). Currently, the prototype uses an average of 2.5 seconds to perform an in an automated 
way all the necessary steps for the classification of a bovine blastocyst, from importing the image, standardization, 
segmentation, information extraction and classification by ANN process. An intriguing fact for partial achievements 
is that, as embryologists, the artificial intelligence system has difficulties distinguishing similar degrees of quality. 
Thus, the classification of grade 2 blastocysts was not good enough to validate effectiveness. Would then be 
possible to develop an artificial intelligence system that overcomes human accuracy? 
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Nutrition has major effects on reproductive processes in cattle. Vegetable oils are major sources of polyunsaturated 
(PUFA) fatty acids, whose effects are related to the ability to modulate the metabolism of arachidonic acid and 
prostaglandin, to increase circulating levels of insulin -like growth factor (IGF-I) and to promote the increase of 
plasma cholesterol which is a substrate for the synthesis of steroid hormones such as progesterone (P4) and estrogen 
(E2). The aim of this study was to identify different lipid classes in blood and follicular fluid of animals subjected to 
supplementation nutritional with sunflower oil, soybean oil or canola through the technique of direct analysis 
assisted laser desorption matrix (MALDI - MS). The animals were fed their respective diets for 70 days. The control 
group received the same diet of others, without the addition of vegetable oil. Weekly blood samples and follicular 
fluid were collected. The identification of the lipids in the samples was performed using MALDI -TOF MS. In 
females supplemented with canola oil lipid subclasses conjugated steroids (ST) and phosphatidylserines (PS) have 
been identified in follicular fluid. The animals supplemented with sunflower group showed conjugated steroid (ST) 
in blood serum and phosphatidylinositol conjugated to ceramides (Cer - PI) and phosphatidylserines (PS) in 
follicular fluid. Finally, the group receiving soybean oil as a supplement, the compounds phosphatidylethanolamine 
(PE), phosphatidylserine (PS) and phosphatidylinositol (PI) were identified in the blood serum and no lipid subclass 
was identified in follicular fluid of these animals in the control group. The separation between the control and the 
treatments was observed and identified substances, mostly accounted for constituent membrane lipids 
(phosphatidylserine - PS, phosphatidylethanolamine - PE), intracellular second messengers (phosphatidylinositol - 
PI) or conjugated steroids (ST), which are precursors of steroid hormones such as progesterone and estradiol. It is 
concluded that canola and sunflower oils were capable of altering the lipid composition of intra - follicular 
environment which may influence the quality of the oocytes formed. Changes in steroid conjugates observed in the 
blood serum of animals supplemented with sunflower oil may contribute to an increased production of steroid 
hormones by increasing further the steroidogenic process. Soybean oil induced changes in the blood profile, but 
these were not reflected in changes in intra- follicular environment. 
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Bovine embryos produced in vitro have lower cryotolerance than those obtained in vivo. To improve the rates of 
embryo surviving after cryopreservation, an alternative might be to carry out an artificial blastocoele collapse before 
vitrification, which can be a mechanic or non-mechanic stimulus, for example by using needles and sucrose 
hyperosmotic solutions, respectively. The aim of this study was to evaluate the effects of artificial shrinkage of 
blastocoele of bovine IVP embryos on embryonic survival and quality after vitrification. Oocytes (n=993) were IVM 
during 24h in TCM-199 medium with bicarbonate, hormones and 10% FCS. After IVF, zygotes were IVC in SOF 
medium supplemented with 5% BSA + 2.5% FCS. The cleavage was evaluated at 48 hpi and blastocysts (Bl) at 168 
hpi, when they were divided into three groups: 1) embryos without treatment (CONTR; n=72); 2) embryos were 
placed successively for 5 min in two different sucrose solutions: 0.125 and 0.25M (SAC; n=64); and 3) embryos 
were subjected to needle puncturing with the help from a micromanipulator (COL; n=76). Subsequently, Bl were 
vitrified by the Vitri-Ingá® protocol (Ingámed®, Maringá-PR, Brazil) and later they were thawed (n=212) to 
evaluate the re-expansion rates (embryo survival) after 3 and 24h of IVC. Re-expanded embryos were underwent to 
staining with TUNEL (Roche Applied Science) and Mito Tracker Red® (Molecular Probes, Invitrogen) and after 
they were evaluated on an inverted epifluorescence microscope (excitation of 579/510nm and emission of 
599/590nm, respectively). The images of embryos stained with Mito Tracker Red® were analyzed by Q-Capture Pro 
Image Software, to determine the intensity of fluorescence. The difference between groups were compared by 
ANOVA followed by Tukey's test and the rates of re-expansion by χ2 (P<0.05). Experiments were repeated five 
times. Cleavage rate was 81.2%±2.6 and Bl rate was 42.6%±3.7. Rates of re-expansion after 3h of IVC were higher 
(P<0.05) for CONTR (91.7%) than for SAC (56.3%) and COL (40.8%). After 24h of IVC, the rates differ among 
the three treatments (P<0.05), being 86.1% (CONTR), 51.6% (SAC) and 27.6% (COL). The number of total cells 
were similar (P>0.05) among treatments (80.8±4.1 to 69.5±6.8) and the percentage of apoptotic cells were higher 
(P<0.05) in CONTR (79.7±8.1) than SAC (31.9±13.4) and COL (35.8±10.0). The fluorescence intensity was similar 
(P>0.05) among the treatments (1.0±0.1 to 0.8±0.1). Although apoptosis has decreased in those embryos that 
underwent the artificial blastocoele shrinkage, both methods tested in this work reduced embryonic survival after 
vitrification. However, the mitochondrial membrane potential and the number of total cells were unaffected in the 
surviving blastocysts. Results indicate that the decrease in the volume of water can be beneficial to improve the 
quality of the surviving embryos to cryopreservation. However, it is clear that the methodology must be improved. 
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In vitro production of bovine embryos is an important technique among animal reproduction biotechnologies. The 
major challenge is to obtain similar embryo production and survival between in vitro and naturally produced 
embryos. Follicular microenvironment is composed by different somatic cells, follicular fluid and oocyte. These 
components form a functional unit, which is essential for hormones production, follicle growth, and production of 
oocyte with development potential. Ovarian follicle is isolated by a basement membrane that provides a single 
intrafollicular environment containing nutrients and signaling molecules. Lipids are signaling molecules in follicular 
fluid capable of influence embryo quality, and induce changes in chromatin. This study aimed to characterize the 
lipid profile of follicular fluid and its effect on oocytes viability. Lipids identification was performed by liquid 
chromatography with mass spectrometry in tandem (LC-MS/MS) and retrospective analysis of oocyte development 
through individual embryo development after parthenogenetic activation. We performed analysis in 30 samples of 
follicular fluid from routines with a blastocyst/cleaved rate of at least 35%. Experimental groups were determined 
according to the stage of oocyte development in non-cleaved (NCLIV), cleaved (CLIV) and blastocysts (BLAST). 
Lipids identified were submitted to lipid profile study by principal component analysis (PCA) and analysis of 
variance (ANOVA) of the principal lipids for the chemometric separation of experimental groups. LC-MS/MS 
identified 842 lipids in positive mode and 136 in negative mode, with significant participation in positive mode of 
triacylglycerols, phosphatidylcholines, sphingomyelins, mono and diacylglycerols. In the negative mode of 
ionization were characterized mitochondrial lipids as cardiolipins. Besides these, important cytosolic lipids and 
phosphatidylinositol (4,5) bisphosphate (PIP2) and phosphatidylinositol (3,4,5) triphosphate (PIP3) were identified. 
These lipids are glyceroglycolipids and were not previously described in follicular fluid. We also identified unique 
lipids between the groups, 15 lipids in NCLIV group, 7 in CLIV and 8 in BLAST. Comparative analysis, in both 
ionization modes, identified significant different lipids (p<0.05), demonstrating their potential as biological markers 
of oocyte quality, as cardiolipins: CL 64:6 (16:0 FA) m/z 669.4 and CL 68:6 (18:0 FA) of 697.5 m/z, 
monoalkyldiacylglycerol (MADAG) 50:8 NH4 + (m/z 822.8), sphingomyelin (SM) 34:2 (m/z 733.6) and 
sphyngolipid (GT2) 26:4 (m/z 904.9). Oocyte competence acquisition is a multifactorial process that depends on 
internal and external follicle factors. Our results indicate that the statistically differential lipids may be biomarkers 
of oocyte competence. 
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The objective of this study was to evaluate the rates of re-expansion and hatching of bovine IVP embryos after 
cryopreservation with trehalose. Two-stage embryos, blastocysts and expanded blastocysts, were divided into two 
groups: control group, using fresh embryos (n = 191), and trehalose group, with cryopreserved embryos in D7 of the 
IVC (n = 192). COCs grade 1 and 2, obtained from slaughterhouse ovaries were used. The freezing step comprises 
cryoprotectant solution 1 - Holding medium 0.4% BSA (IMV Technologies®), 20% FBS (Gibco BRL, Burlington, 
Canada) and 5% glycerol (Sigma- Aldrich, St. Louis, USA ) and cryoprotectant solution 2 - Holding medium 0.4% 
BSA (IMV Technologies®), 20% FBS (Gibco BRL, Burlington, Canada), 9% glycerol and 0.2M trehalose (Sigma - 
Aldrich, St. Louis, USA). Embryos were immersed for 8 minutes in each solution, loaded in 0.25-mL straws, and 
cryopreserved by slow-freezing method in a freezing machine (TK reprodução®), with a reduction of 1°C/minute, 
from 20°C to -7°C, completion of seeding, with a decrease of 0.3°C/minute, from -7°C to -32,5°C and submerged 
into liquid nitrogen. Thawing was performed in 35°C water bath for 20 seconds, with three solutions: 1 - Holding 
medium 0.4% BSA (IMV Technologies®), 20 % FBS (Gibco BRL, Burlington, Canada) and Sucrose 0.5M (Sigma- 
Aldrich, St. Louis, USA), 2 - Holding medium 0.4% BSA (IMV Technologies®), 20% FBS (Gibco BRL, 
Burlington, Canada) and 0.2 M Sucrose (Sigma- Aldrich, St. Louis, USA), 3 - Holding medium 0.4% BSA (IMV 
Technologies®) and 20% FBS (Gibco BRL, Burlington, Canada). After thawing, embryos were incubated at 38.7°C 
and 5% CO2 in medium CR2, in the same way the embryos in the control group were kept. The evaluation was 
through the re-expansion and hatching at 48 and 72 hours rates, using the chi-square test to compare the control and 
trehalose groups in each embryonic stage. Analyzing the re-expansion rate (24h), there was statistical difference (p < 
0.01) between the control group (n = 97/97) and trehalose group (n = 92/58) with, respectively, 100% and 63.04% of 
re-expansion rates of blastocysts. For expanded blastocysts, there was no statistical difference (p > 0.05) between 
the control (n = 94/93) and trehalose group (n = 100/90), with 98.94% and 90% of re-expansion rates, respectively. 
Hatching rates at 48 and 72 hours did not differ (p > 0.05) in any of the embryonic stages. The blastocysts hatching 
rate for the trehalose group was 69.57% (n = 92/64) and 72.83% (n = 92/67) for 48 and 72 hours, respectively; for 
the control group, was 78.35% (n = 97/76) and 88.66% (n = 97/86). To expanded blastocysts, hatching rates at 48 
and 72 hours were 74% (n = 100/74) and 79% (n = 100/79) for the trehalose group, and 79.79% (n = 94/75) and 
88.3% (n = 94/83) for the control group. We conclude that cryopreservation with trehalose was efficient, allowing a 
similar development of post-thawed bovine IVP embryos in comparison to fresh IVP embryos. 
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Exposure of Cumulus Oocyte Complexes (COCs) to heat stress affects the necessary events for successful oocyte 
maturation, fertilization and pre implantation embryonic development. The bovine oocyte is direct associated to 
numerous layers of cumulus cells (CCs), which are important for role for growth, metabolism and oocyte 
maturation. Heat shock apoptosis induction has been demonstrated (Molecular Reproduction and Development, 79: 
31-41, 2012) and it does affect the CCs transcriptome (Reproduction, 146: 193-207, 2013). The objective of this 
study was to evaluate the genotype role and temperature on expression of genes related to apoptosis (BIRC3 and 
DAP), cell organization (CLDN11, CCT4, DICER1 and KIF3A) and oxidative stress (MT1E) in CCs. For this, 
COCs were collected from Bos taurus indicus (Nelore- NEL) and Bos taurus taurus (Holstein- HPB) cows were 
submitted to control treatment (38.5 °C for 22 hours) and heat shock (41 °C for 12 hours, followed by 38.5 °C for10 
hours) during IVM. COCs were mechanically denudated by repeated pipetting within Calcium – Magnesium free 
PBS 100 µl drops to CCs removal. The CCs (n = 5 replicates) were stored at -80 °C until RT-PCR. Total RNA was 
extracted by RNeasy Mini kit (Qiagen, Mississauga, ON, Canada) and all CCs samples were standardized at 100 ng 
of RNA. Reverse transcript reaction (RT) was performed by SuperScript III kit. Target genes amplification was 
performed by Power Sybr®Green PCR Master Mix. Ribosomal protein L30 (RPL30) expression was used as 
endogenous control. Data was submitted to Analysis of Variance on SAS and considering significant differences 
when P < 0.05. Logarithmic transformation or square root was applied to obtain normal distribution when necessary. 
Relative abundance of mRNA of tight junctions claudin 11 gene (CLDN11) was increased at NEL CCs in 
relationship to HPB (P = 0.06). The metallothionein antioxidant molecule 1E (MT1E) expression was affected by 
breed (P < 0.05) and temperature (P < 0.05). Thus, the relative abundance of MT1E was greater in HPB CCs in 
relation to NEL. In addition, COCs exposure to heat shock reduced (P < 0.05) the MT1E expression at CCs in 
relation to control. There was no effect of breed, temperature and temperature x breed interaction for the remaining 
genes evaluated. In conclusion, the increased CLDN11 expression at NEL CCs suggests a role for this gene on 
apoptosis regulation in atretic follicles, cell migration and proliferation during antral follicles formation. In the other 
hand, the reduction of MT1E expression caused by elevated temperature can be associated to increasing use of 
mRNA for antioxidant protein synthesis. 
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Lipid accumulation in in vitro produced (IVP) embryos has been related to lower cryopreservation efficiency and 
developmental potential, being indicative of inadequate in vitro culture conditions when compared with in vivo 
system. The hypothesis of this work is that embryos with different developmental kinetics metabolize and pile up 
lipids differentially, which may be reflected in the embryo viability. Therefore, our objective was to gather 
quantitative, by SUDAN BLACK B staining, and qualitative, by matrix assisted laser desorption Ionization – mass 
spectrometry (MALDI-MS), data about the lipid composition of embryos of fast (4 cells 40hpi) and slow (2 cells 
40hpi) development. The IVP bovine embryos were produced and cultured individually, classified as fast and slow 
according to the number cells of the first cleavages (40hpi) and finally analyzed by staining and mass spectrometry 
at cleavage (40hpi), morulae (96hpi) and blastocyst (168hpi) stages. For staining, we calculated the number of pixels 
obtained from each image and converted into arbitrary units by a script created in the development environment 
Matlab using the Image Processing toolbox. For staining analysis, conventional group cultured used as control. The 
MS data were acquired directly on single embryos, without extraction, in the positive ion mode using an Autoflex III 
MALDI-TOF/TOF mass spectrometer (Bruker Daltonics) using 2,5-dihydroxybenzoic acid (DHB) matrix to favor 
the ionization of the lipids. For MALDI-MS analysis, in vivo blastocysts were included as control group. Both the 
qualitative and quantitative data were submitted to ANOVA with Tukey post test (SUDAN BLACK) and 
MetaboAnalyst 2.0 (MALDI-MS) for statistical analysis. No difference in the amount of lipids between cleavage 
(Fast: 93884±4331; Slow: 68911±7180; Fast Control: 74622±21180; Slow Control: 70763±20046) and morulae 
(Fast: 65803±13774; Slow: 43511±4097; Control: 4610±12298), groups has been observed by staining, although 
slow blastocyst presented lower amount of lipids when compared to the fast and control groups (Fast: 
122626±30378; Slow: 38617±3379; Control: 95658±15138). These data were corroborated by MALDI-MS, where 
the highest variability of phospolipid species (of m/z 725.5, 730.5, 732.5, 752.5, 758.5, 780.6, 782.6) was observed 
in fast blastocysts, while phospholipid ions of m/z 704.5, 746.5, 756.5, 788.5, 810.5 look characteristic of slow 
blastocysts. Based on these data, we can conclude that embryo kinetic has an important role on lipid metabolism of 
IVP embryos.  
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Methylation at lysine 4 of histone 3 (H3K4), in general, is related to the active state of chromatin, allowing the 
access of the transcription machinery (Mellor, J. Trends in Genetics, 22:320-329, 2006). Accordingly, the objective 
of this study was to evaluate the epigenetic modifications of bovine embryos produced in vivo with sexed semen 
through the identification of trimethylation of H3K4. Girolando Cows (n=10) underwent superovulation protocol 
(SOV) with FSH and embryo collection was performed seven days after artificial insemination by uterine flushing. 
Thirty-seven procedures were carried out at intervals of 60 days, and half of them were performed with sexed semen 
and the other half with conventional semen from the same bull. Only embryos of excellent quality, according to the 
IETS standards, were used for evaluation by immunofluorescence. For this conventional (n=15) and sexed (n=15) 
embryos were fixed in paraformaldehyde (3%) supplemented with sucrose (2%) and stored in the refrigerator for 
later analysis. After blocking and permeabilization, the embryos were exposed to polyclonal antibody against 
trimethylated H3K4 (CellSignaling ®) at a concentration of 1:100, overnight at 4 ° C. After, the embryos were 
exposed to the secondary antibody (anti-Rabbit Alexa 647; Invitrogen A21245) in a concentration of 1:200, and then 
subjected to nuclear staining (SYBR Green, Molecular Probes, Goettingen, Germany, 1:500). Embryos were 
individually evaluated under confocal microscopy. The same labeling pattern was observed in all groups, indicating 
that embryos produced in vivo with sexed semen have the same pattern of H3K4 trimethylation as those produced 
with conventional semen. 
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The objective of this research was to test different concentrations of low density lipoproteins (LDL) in replacement 
of egg yolk in Tes-Tris extender for cryopreservation of buffalo spermatozoa. The experiment was conducted at the 
Bufalloes, Experimental Farm on the UFMG, in Pedro Leopoldo, MG. Six Murrah bulls, aged 29-36 months, were 
used to collect semen (through artificial vagina) 3 ejaculates from each animal, performing a total of 18 ejaculates 
were collected. Total motility was analyzed by a Sperm Class Analyzer-SCA® v.4.0. Sperm concentration was 
evaluated by Neubauer chamber, sperm morphology analysis (phase contrast microscope) and the hypo-osmotic test 
(Host) was performed in fresh semen samples. The ejaculates were fractioned and each fraction was diluted in 
different extender. Dilution was performed to reach a final concentration of 50x106 spermatozoa mL-1. Treatments 
were: control (20% egg yolk) and 2, 4, 8 and 14% (v/v) LDL. Extender semen was packaged into 0.25 mL straws 
starting there after the cooling process using -0.25oC/min cooling rate (computer assisted cooling machine TK 
4000). Samples were maintained in equilibrium at 5°C for 4 hours. Straws were frozen in liquid nitrogen vapor, 5 
cm above the liquid surface, for 20 minutes. There after straws were immersed in liquid nitrogen and stored for a 
minimum of one week. After thawing (37oC for 30 seconds) straws contents were submitted to a thermal resistance 
test (TRT/120 minutes) evaluated by a CASA. Sperm cells were evaluated by a hypo-osmotic swelling test and 
integrity of the membranes by fluorescent probes (CFDA/Pi). Results were compared by the Tukey test (P<0.05). 
Pre-cooling sperm motility was less in samples diluted in the control extender containing egg yolk than in 2 and 4% 
LDL extenders. Post-thaw sperm motility was higher (56.53±9.73%) in the control extender than in all extender 
containing LDL (47.16±11.06%, 45.64±7.46%, 45.71±6.56 %, 43.33±5.97%, for 2, 4, 8 and 14% LDL extenders, 
respectively). However, during the TRT sperm motilities were similar between all extenders. Values of LDL, VCL, 
VSL, VAP, LIN and BCF were lower in sperm diluted in the control extender than in extenders containing LDL, 
during the pre-cooling phase, post-thaw and throughout the TRT. There was no difference between treatments 
regarding the integrity of sperm membranes (38.75 to 43.14% intact) and the reaction to the Host (49.39 to 55.39% 
reacted). It can be concluded that 2, 4 and 8% LDL concentrations in Tes-Tris extender, were more effective than 
Tes-Tris containing 20% of egg yolk for increase the kinetics characteristics of buffalo sperm cells. 
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The oviduct plays a key role to promoting a favorable microenvironment to gametes transport, fertilization and early 
embryo development. Numerous differences in reproductive physiology are known among animals of Zebu and 
European breeds. Reports indicate that female Zebu cattle have a higher number of follicles per wave than female 
European cattle and individual distinctions in the number of follicles recruited are present in both breeds, namely 
animals with high follicular count (HFC) and low (LFC). Furthermore, the follicular count is related to animal 
fertility and is greatly influenced by the activity of FSH, estradiol and androgens. However, little is known about the 
effects of follicular count differences between Zebu and European cattle, and between breeds in the oviduct 
molecular profile. Based in these information, we hypothesized that differences in bovine breed (Nelore and 
Aberdeen Angus), differences in the follicular count (FC) and differences in the antimere related to ovulation 
(ipsilateral and contralateral) alter the molecular profile of genes involved in oviductal functions during the initial 
period after ovulation. To do so, oviduct from Nelore heifer (HFC, n=4; LFC, n=4) and oviduct from Aberdeen 
Angus heifer (HFC, n=4; LFC, n=4) were isolated and oviductal segments were divided (infundibulum, ampulla, 
isthmus) from ipsilateral and contrateral antimere. Total RNA was extracted using Illustra TriplePrep Kit (GE 
Healthcare, USA) and then Reverse Transcription was performance using High Capacity cDNA kit (life 
Technologies, USA), according to the manufacturer’s protocols. Relative RT-qPCR analysis was performed with 
TaqMan® Low Density Array (TLDA, Life Technologies, USA). The mRNA abundance of the target was tested by 
ANOVA analysis, using PROC GLM procedure of SAS (SAS, 9.2, SAS Inst., Cary, NC, USA). Individual 
differences were analyzed through pair-wise comparisons (SAS). All the comparisons were performed in each 
segment (ampulla, infundibulum and isthmus), no comparisons were performed between segments. The differences 
were considered significant when P<0.05. In the ampulla, the mRNA abundance of COX2, OVGP1, GPR78, 
FUCA1 and ANXA4 showed higher levels in ipsilateral antimere compared to contralateral. Similarly, in the 
infundibulum the mRNA abundance of GRP78, PGTER4, FUCA2 and FUCA1 was higher in ipsilateral antimere. 
No difference was found in the isthmus. In conclusion, the breed and the follicular count have no effect on the 
molecular profile of bovine oviduct, suggesting the ovulation has the main effect in gene expression related to 
gametes transport, fertilization and early embryo development.  
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In the field of “single cell analysis”, many classical strategies like immunoflurescence and electron microscopy are 
the fundamental choices. However, these methodologies are time consuming and do not permit direct identification 
of specific molecular classes such as lipids. This study was conducted to determine a new mass spectrometry based 
analytical approach to bovine oocytes and embryos in vitro produced. Images and mass spectra were acquired in a 
MALDI-LTQ-XL instrument with imaging feature (Thermo Scientific, California, USA). It was equipped with a 
UV laser (Nd:YAG, 355 nm) at “minimum” focus. Imaging data were analyzed in quadruplicates using ImageQuest 
software (Thermo Scientific, California, USA). A new metabolomics based application uses Mass Spectrometry 
Imaging (MSI), efficient data processing and multivariate data analysis. Metabolic fingerprinting (MF) was applied 
to the analysis of bovine occytes and blastocysts. A semi quantitative strategy for sphingomyelin [SM (16:0) + Na]+ 
(m/z 725) and phosphatidylcholine [PC (32:0) + Na]+ (m/z 756) was developed, showing that lipid concentration 
was useful for selecting the best biomarkers. This information furthers our understanding of fertilization and pre 
implantation events during bovine embryo development. 
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The aim of this study was to investigate whether the poor oocyte competence verified for repeat breeder (RB) cows 
during summer (Ferreira et al., JDS 94:2383-92, 2011) might be associated to altered expression of genes related to 
oocyte maturation (GDF9, BMP15, FGF8, FGF10, FGF16 and FGF17). These genes encode local factors secreted 
by the oocyte that are essential to control an adequate maturation of the gamete. The oocytes were collected by OPU 
from 74 heifers (H), 73 peak lactation (PL) and 71 RB Holstein cows from two commercial dairy farms during the 
summer and winter. Ten to fifteen percent of the viable oocytes of each animal (total of 100 oocytes) was used to 
study the expression of selected genes, and the rest was sent to IVP (total of 1,493). Ten reference genes were 
analyzed with the geNorm application and three of them (RPL15, PPIA and GUSB) were determined as the most 
stable (Macabelli et al. 2014) and were used herein as references for normalization of target genes.  Quantification 
of gene-specific mRNA transcripts was carried out by real-time reverse transcription (RT)-PCR using TaqMan 
assays. Data were tested for normality of residuals and homogeneity of variances followed by ANOVA using the 
GLIMMIX procedure of SAS. Amplification of FGF17 failed in all samples, leading to its exclusion from further 
analysis. An increased expression of BMP15 (P < 0.0001) and FGF8 (P < 0.0001) was observed during summer, 
regardless of category, when expression of targets was normalized by the reference genes. On other hand, in the 
absence of normalization, expression of BMP15 (P = 0.006) and FGF10 (P = 0.004) decreased from winter to 
summer, regardless of animal category. Furthermore, expression of FGF16 decreased during winter in RB compared 
to H (P = 0.01) and PL (P = 0.03), as well as it decreased from winter to summer in H (P < 0.0001) and PL (P = 
0.0003). Yet, expression of GDF9 increased during summer in RB compared to H (P = 0.04) and PL (P = 0.01), and 
decreased from winter to summer in H (P < 0.0001) and PL (P < 0.0001). Together, these data provide evidence that 
GDF9 and FGF16 were differentially expressed in RB oocytes during summer and winter, respectively, suggesting a 
possible role of them in the low developmental competence of RB oocytes. This is further supported by the finding 
that GDF9 (P < 0.05) and FGF16 (P < 0.05) correlated positively with the number of total oocytes (r = 0.27 and 
0.24, respectively), number of viable oocytes (r = 0.27 and 0.23) and blastocyst rate (r = 0.24 and 0.21). Thus, 
altered expression of GDF9 and FGF16 suggests that the low development competence of RB breeder oocytes 
during summer may be related to disrupted maturation of these gametes. 
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The aim of this study was to evaluate the changes in the expression of LHR isoforms associated with follicle 
divergence in cattle, using dairy breeds with different dominant follicle sizes at deviation as models. Granulosa cells 
(GC) were collected using an adapted ultrasound-guided follicular aspiration system (Arashiro et al., Reprod Biol 
Endocrinol, 11:73, 2013) from follicles of 6, 8, 10 or 12 mm in diameter of Holstein, and of 4, 6, 8 or 10 mm of Gir 
heifers. The recovered follicular fluid was centrifuged and the cells were washed with NaCl 0.9% saline and kept in 
RNA Later (Ambion). Total RNA extraction was performed using a commercial RNeasy Micro Kit (Qiagen), 
quantified in spectrophotometer (Nanodrop), and reverse transcribed using the commercial Superscript III kit 
(Invitrogen). The samples were tested for theca cell contamination using a primer to detect the CYP17A1 gene, and 
those showing contamination were excluded from analysis. The cDNAs were PCR amplified to screen for the 
presence of isoforms. Our previous results showed that follicles from all diameters evaluated and from both breeds 
presented the full-length form and/or the isoforms screened (Wohlres-Viana et al., Reprod Fertil Dev 26:176, 2014). 
In the present study, the relative expression of these isoforms during follicular development was evaluated. The 
cDNAs were submitted to Real Time PCR using three primers specific for each isoform (S10, S11, and S10+11 
primers). The beta-actin gene was used as an endogenous control, and the results were analyzed using the REST 
software. Expression values are shown as mean±SEM. The expression results in samples from 10 mm in Holstein 
and from 8 mm follicles in Gir heifers were standardized as 1.00 and this value was used for further comparisons 
within breed. For Holstein, the S11 isoform was under-expressed (P<0.05) in 10 mm follicles, when compared to 8 
mm (11.69±5.11) or 12 mm follicles (21.59±8.76). The same pattern was observed for Gir samples, in which the 
S11 isoform was under-expressed (P<0.01) in 8 mm follicles, when compared to 6 mm (230.05±213.16) or 10 mm 
follicles (5,474.99±5,560.00). Although not significant, the same trend was observed for S10 and S10+11 isoforms. 
In both breeds, this reduction in isoform expression occurred in follicles sampled after deviation, when the transition 
from FSH to LH dependence is expected to take place. Our previous results demonstrated that the expression of the 
LHR was maximum at 10 mm and 8 mm follicles in Holstein and Gir, respectively (Wohlres-Viana et al., Anim 
Reprod 10:425, 2013), suggesting a predominance of the full-length form of the LHR at this moment. Altogether, 
these results suggest a possible role of the modulation of LHR isoforms expression in the fine regulation of LHR 
function during follicle deviation in cattle.  
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