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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. 
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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 



 Binelli et al. Proestrus: mechanisms of fertility. 
 

Anim. Reprod., v.11, n.3, p.246-253, Jul./Sept. 2014 249 

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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