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Abstract

This paper presents a comprehensive review of the problematic issue of embryonic
mortality in cattle and develops possible strategies towards a hormonal antiluteolitic.
A recent and extensive investigation using eCG is also described.

The paper evaluates the effect of the application of 400 IU of equine Chorionic
Gonadotrophin (eCG) on day 5 or 8 of a synchronization protocol for embryo transfer
upon follicular development (day 9), luteal development (day 17), progesterone
concentration “P4” (9 and 17) and percentage of pregnancy (day 52) in 70 Holstein
heifers. The relationships between dominant follicle diameter (DFD) (day 9) and the
luteal volume (VL) (day 17), as well as the concentration of P4 (day 17) are analysed
without eCG treatments; the DFD (day 9), VL (day 17) and concentration of P4 (day
17) versus percentage of pregnancy (day 52) are then analysed with the treatment.
There was no effect (P> 0.05) of the day of eCG administration (5 or 8) on the number
of dominant follicles, but P <0.05 for diameter. The day of eCG administration (5 or 8)
had no effect (P> 0.05) on the number of corpora lutea, VL, P4 concentration (9 and 17)
or pregnancy (day 52). There was no relationship (P> 0.05) between the DFD (day 9)
and VL, but P <0.05 between the VL and P4 levels (day 17). In analysing the relationship
between treatments (eCG day 5 or 8), the DFD (day 9), VL (day 17) and the concen‐
tration of P4 (day 17) versus percentage of pregnancy (day 52), we observed that the
only positive correlation (P <0.1) existed between this variable and the concentration
of P4.

© 2015 The Author(s). Licensee InTech. This chapter is distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use, distribution,
and reproduction in any medium, provided the original work is properly cited.
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1. Introduction

About 25-40% of embryonic losses are detected during the first days of pregnancy in female
recipients of bovine embryos [1]. It is observed that most of these females return to heat on the
expected date after 20-22 days, showing a whole and normal sexual cycle (oestrus cow
repeaters) [2]; it is therefore suggested that embryo mortality (EM) might arise between days
7 and 17, the period from embryo transfer (ET) to the maternal recognition of pregnancy (MRP)
[3]. As for pregnancy losses occurring between days 28 and 98 (at the occurrence of MRP),
percentages ranging between 7% and 33% have been calculated [4].

It has been suggested that during pregnancy establishment there is a well defined “critical
period” from day 15 to day 17 [3]; we can suppose that reproductive biology during this period
would be multifactorial and complex, where the endometrium receives a non-suitable
antiluteolytic signal, of course without blocking prostaglandin F2α (PGF2α) endometrial
production, triggering the lysis of the corpus luteum (CL) (maintaining pregnancy depends
upon CL functionality) [1]. At that point, antiluteolytic signal is generated by the embryo into
mononuclear trophoblast cells, which secrete interferon tau (IFN-τ), thereby blocking PGF2α
synthesis produced at endometrial level [5]. The latter process suggests that embryo loss could
occur because of a weak or inadequate signal due to an asynchrony between a decreasing
progesterone (P4) and the degree of embryo development, so it does not inhibit the synthesis
of uterine PGF2α [6].

The critical nature of the period of recognition, apposition and adhesion of the embryo to
uterine endometrium during implantation demands strict synchronization between the
transferred embryo and the recipient, emphasizing the importance of both the uterine
environment and the embryo signals generating MRP [7] [8]. These signals must be released
at the time and concentration required to guarantee CL structure and function maintenance,
generating continuous P4 production for embryotrophic environment maintenance to support
the normal development of the conceptus (the embryo including all the linked layers) [2].

In relation to the influence of P4 on certain events related to pregnancy maintenance from
early stages and the ability of PGF2α to instigate luteolysis, a number of hormonal strategies
to maintain pregnancy have been proposed and developed [9] [10]. These tend to be based
on making the P4 secretion capacity of the CL more effective: the secretion should be timely,
thus ensuring a proper uterine environment for development of the embryo transplanted
to the recipient bovine female. All of this is aimed at increasing the pregnancy rate in ET
programmes [2].
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According to some reports, the higher the plasma P4 concentration, the better the uterine
environment for developing conceptus [11]. It should be noted in this context that any variation
of P4 concentration is crucial to modulate expression and secretion of growth factors, cytokines
and proteins that affect the uterine environment for endometrial receptivity and embryo
viability processes [12].

Consequently, it has been proposed that by providing direct or indirect P4 sources to females
during the first days of pregnancy, thus improving the uterine environment to enable the
conceptus to develop appropriately, the percentage of embryo loss will be decreased. This
leads to better synthesis and more timely secretion of IFN-τ, as long as this secretion is
influenced by the embryo development status [13].

2. Use of equine Chorionic Gonadotropin (eCG) in bovine embryo transfer
programmes

The relationship between pregnancy rate and plasma P4 concentration, according to the CL
size  in  recipients  of  bovine  embryos,  has  been  much  debated  in  the  literature.  Some
researchers have verified a positive correlation between these variables, establishing that
the greater the CL area,  the greater the plasma P4  concentration,  and,  subsequently,  the
higher  the  pregnancy  rate  [10]  [14].  Other  reports,  however,  have  not  been  able  to  ob‐
serve this relationship and effect [15].

Similarly, plasma P4 concentration during dioestrus has been positively correlated to an
embryo’s ability to secrete IFN-τ, thus triggering increased pregnancy rates [16] [17]. This
might suggest that increased P4 concentration during the “critical period” improves the uterine
environment for a developing embryo, generating an effective MRP process as it stimulates
the secretion of IFN-τ and antiluteolytic agents at the right time by trophoblast cells [18].

One can thus see P4 as a forerunner of the various components making up the embryotrophic
environment; therefore, any change in its concentration is critical to modulate expression and
secretion of growth factors, cytokines and proteins that affect the uterine environment for
endometrial receptivity and embryo viability processes [19]. Accordingly, we may assume that
by providing direct or indirect P4 sources to females during the first days of pregnancy,
percentage of embryo loss may be decreased due to having an improved uterine environment
where the embryo might follow a proper development process (blastocyst stage) with
synchronized synthesis and secretion of IFN-τ. This latter is undoubtedly influenced by the
status of an embryo’s development [13].

In order to increase pregnancy rates, hormone treatments have been used in females included
in programmes of fixed-time artificial insemination (TAI) and fixed-time embryo transfer
(FTET) using equine chorionic gonadotropin (eCG) [10], [20].

eCG, formerly known as pregnant-mare serum gonadotropin (PMSG) is a glycoprotein
hormone with a molecular weight of 45 kDa. It has a three-day span life and is produced by
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endometrial calyces in pregnant mares from day 40 to day 130 [21]. The hormone is composed
of two subunits, α- and β. Subunit α is encoded by a gene common to any glycoprotein; the
gene coding for subunit β gives the hormone specificity [22].

This hormone binds to FSH and LH follicle recipients as well as LH recipients of CL, thereby
creating conditions for follicle growth, ovulation and luteinization [20]. The prevalent action
is given by FSH, leading to a formation of accessory corpora lutea, typical for a pregnant
mare [23].

eCG application at the expected time of a new wave of follicle growth has been shown to lead
to excellent ovulation efficiency (per dosage) and development of a larger-diameter dominant
follicle, thus determining a greater number of corpora lutea or a larger corpus luteum [10].
Higher plasma P4 concentrations and a higher rate of conception and pregnancy are seen in
comparison to treatments without application of this hormone, both in Bos taurus and Bos
indicus cattle and their crossbreed [24] [11]. However, other researchers have reported no
difference between plasma P4 concentration and the number of corpora lutea in pregnant
females; in fact, we established higher pregnancy losses in females with double ovulation,
suggesting that too much plasma P4 could alter the hormonal uterine balance, damaging the
embryotrophic environment for a developing embryo [25].

It has been verified that with eCG application on day 8 (as dominant follicle established), within
a synchronization protocol of bovine embryos in recipient females (Bos indicus/Bos taurus), one-
time larger corpora lutea are achieved in comparison to application of the same hormone on
day 5 (as growth of a new follicle wave begins), but no differences have been determined
between the treatments in the produced plasma P4 concentration or pregnancy rates [26].
Related reports have confirmed that rate of use (transferred females/synchronized fe‐
males*100) improves when eCG application occurs on day 8 within a fixed-time embryo
transplant protocol with Bos indicus recipients [27].

For eCG application on day 8 of synchronization, double ovulation of only 2% has been
reported in embryo recipients, but it is evident that application of this hormone can achieve
one-time larger corpus lutea, thus increasing the pregnancy rate [13]. Similarly, Quezada and
Ortiz [27] established that eCG application on day 8 improves the utilization rate; however,
they were unable to establish that the hormone enhances the CL area.

Other hormone strategies have been used in several studies to increase plasma P4: cows and
buffaloes have been used for treatments with Gonadotropin-Releasing Hormone (GnRH),
Luteinizing Hormone (LH), human Chorionic Gonadotropin (hCG), and P4 slow-release
devices [28].

hCG (produced in the trophoblastic syncytium of pregnant women) has been applied to
synchronization treatments on day 6, resulting in higher pregnancy rates compared to groups
without application of this hormone [29]. These results also suggest that hCG, which has LH
action, induces ovulation and formation of accessory corpus luteum (co-dominance), which
increases the plasma P4 concentration and pregnancy rate in recipient females of bovine
embryos [2].
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In addition, eCG has an advantage over other gonadotropins used to support hormone cattle
in its stimulation by carbohydrates, especially sialic acid, in relation to subunit alpha, which
gives a higher lifespan (see Table 1). This feature, allied to the hormone’s molecular weight,
makes glomerular filtration harder, thus increasing its lifespan even more [30].

Hormone
Molecular

Weight ng/ml
Carbohydrates 

(%)
Sialic Acid 

(%) Span Life 

Luteinizing (LH) 28000 - 34000 12 - 24 1 - 2 30 minutes

Stimulating Follicle (FSH) 32000 - 37000 25 5 2 hours

Human Chorionic 
Gonadotropin (hCG) 38000 32 8 -5 11 hours

Equine Chorionic 
Gonadotropin (eCG) 68000 48 10.4 26 hours

Table 1. Features of gonadotropic hormones. Adapted from Knobil and Neill, 2006.

2.1. Effect of eCG upon pregnancy rate among recipient heifers of bovine embryos

A study was proposed and developed in order to assess the effect of applying a treatment of
equine Chorionic Gonadotropin (eCG) on day 5 or day 8 within a synchronization protocol
for a fixed-time embryo transfer (FTET) upon development (number and mm diameter) of
dominant follicles on day 9, luteal development (number and volume in mm3) on day 17,
plasma P4 concentration (ng/ml) on days 9 and 17, and pregnancy rate (%) on day 52, using 70
Holstein heifers (eCG day 5, n = 42 and eCG day 8, n = 28) as embryo recipients in high tropical
areas in Colombia.

To meet the research goal two treatments were proposed in control protocols for the oestrus
cycle, where only the eCG application day was changed (day 5 or 8) (Figures 1 & 2).

Regardless of synchronization treatment (eCG day 5 and eCG day 8), we determined P4 profiles
for three samples (days 5, 9 and 17) for every heifer in the analysis (n=70). A relationship
between volume of corpus luteum and plasma P4 concentration on day 17 (sample 3) was
established.

By a logistic function the treatment effects (eCG days 5 and 8) upon follicle diameter (dominant
follicle – day 9), total luteal volume (day 17), and P4 concentration (day 17) were determined
upon pregnancy diagnosis (day 52).

2.1.1. Number of dominant follicles (day 9)

This analysis shows that every female used for both treatment 1 (eCG day 5) and treatment 2
(eCG day 8) had at least dominant follicle as a variable with no evident differences (P>0.05)
(see Table 2).
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Figure 1. Treatment 1: Synchronization protocol of oestrus cycle using eCG application on day 5 (in relation today 1
protocol).

Aplicación 
estradiol Benzoate 
(BE) (Syntex® 2 ml. 

Intramuscular) 

Application of PF2α (1.5 mg. 
Intramuscular Prolise ® 2 ml) 

 

Frozen Embryo 
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    0                           5                          8                  9                  10               17                                52 

Pregnancy 
Diagnosis 

(Ultrasound) 

Estrus Observation 

 

Intravaginal Progesterone Device 
(DIB® 1 gr.) 

Blood Sampling 

 Ovarian Structure 
Ultrasound 

Application estradiol 
Benzoate (BE) 
(Syntex®  1 ml. 
Intramuscular) 

Figure 2. Treatment 2: Synchronization protocol of oestrus cycle using eCG application on day 8 (in relation to protocol
day 1).
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Min.  Max. Avrg.¹  Min. Max. Avrg.¹ 

eCG day 5 (n=42) 1 2 1.1 ± 0.3 a 10 19 11.7  ± 054 a

Treatment

 

Dominant Follicle (Number) day 9

 

Diameter (mm) Dominant Follicle day 9 

Total Sample (n=70)  1

1 ± 0 a 9.2 16 10.1 ± 0.6 beCG day 8 (n=28) 1 1

2.0 1.1 ± 0.2 9.2 19 10.9 ± 0.41

Table 2. Dominant follicles on sampling day 9. ¹Results of follicle diameter are expressed as an average (mean) ±
Standard error of the mean (SEM) while follicle values are expressed as an average ± Standard Deviation (SD).

This result differs from previous studies where addition of eCG on day 5 in a synchronization
protocol for the oestrus cycle caused a reflection cascade at molecular level, triggering
development of more than one dominant follicle [31]. Since these control oestrus cycle
treatments, where a follicle wave growth using P4-and-oestradiol implant is synchronized (as
in this work), the emergence of a new follicle wave occurs after four to five days, an effect
perhaps caused by blood hormone levels required to provoke a negative feedback. This affects
the synthesis and secretion of gonadotropin-releasing hormone (LH) and alters the normal
follicle development, which suggests a leading regression of growing follicles (FSH-depend‐
ent) and hinders progress of the phenomenon of dominant follicle ovulation (LH-dependent),
generating a regression and starting a new follicle wave [32].

When eCG is applied on day 5, the follicle wave is at a very early stage of development;
consequently, the eCG could lead to stimulation in recruitment and selection of more than one
dominant follicle with increasing mRNA synthesis coded for gonadotropic hormone recipients
(FSH and LH) at theca-and-granulosa cell level [10]. This effect in this study was only observed
in four of 42 heifers (9.5%).

In relation to the above, Nasser et al. [26] applied 400 IU of eCG to two groups of Nellore/
Angus -crossbreed recipient heifers (eCG day 5 versus eCG day 8) of 22-30 months in age; this
was supplemented with 2 kg/day concentrate, establishing differences (P<0.05) according to
the number of dominant follicles on day 8, with a higher number of follicles applied on day 5
(start of a new wave of follicle growth), thus demonstrating the follicle-stimulating action of
eCG. The hormone stimulates the mRNA synthesis encoded for FSH follicle recipients in
developing follicles [33]; therefore, more than one follicle is chosen because there are no
dominant follicles at that time (day 5 of application in relation to the start of the control protocol
of the oestrus cycle) that could inhibit other developing follicles. For eCG applied on day 8
(follicle dominance established) only one dominant follicle stimulation (eCG linking FSH and
LH follicle recipients) was observed [34]; statistical differences were observed in that work.

On the other hand, since there are no statistical differences of this variable in our analysis one
might acknowledge the species factor, where there are differences regarding hormone
sensitivity [31], which differentiates Bos indicus and relevant crossbreeds, which are more
sensitive than Bos taurus [35]. Taking this into account, one might infer that concentrations of
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400 IU of eCG will trigger a different effect on both species; however, such sensitivity was not
noticeable in this study, where we worked with Bos taurus heifers. Therefore we might
conclude it is possible to work with different dosages according to the above factors since
dosages of 400 IU of eCG, as used in this research, may be less likely to stimulate the growth
of a large number of follicles dosages used in other studies of this subject, which have used
1000 IU [36] and 800 IU [37], and have used both heifers and cows, which could dramatically
influence results [38].

When eCG treatment is provided on day 8, follicle dominance may already be established [37]
and may only generate stimulation of the dominant follicle (in some cases, the largest subor‐
dinate follicle) [31]. In this study, evidence of a dominant follicle was found only for the group
of heifers on treatment 2 (eCG day 8), maximum one (1) and minimum one (1), so one might
infer the stimulus to this single dominant follicle (see Table 2).

2.1.2. Dominant follicle diameter, day 9

All used heifers (treatment 1 – eCG day 5; treatment 2 – eCG day 8 had at least one dominant
follicle (follicle ≥ 9 mm). Accordingly, differences were established (P<0.05) between both
treatments, e.g., a higher follicular diameter for eCG day 5 (treatment 1) (see Table 2). Some
researchers working with the same type reported higher values. Sousa et al. [24] applied 400
IU of eCG on day 8 to a group of Holstein cows (in relation to starting day of synchronization),
and established a dominant follicle size of 14.7 ± 0.6 mm, compared to 13.1 ± 0.6 mm in cows
without eCG. Using Holstein heifers and lactating cows, Sartori et al. [35] established an
ovulatory follicle size of 14.9 ± 0.2 mm for heifers, and 16.8 ± 0.5 mm for cows. (Animals with
this CL were not treated with any hormone; GnRH was given to others.)

Other studies have applied PGF2α with an 11-day interval. Lynch et al. [39] used crossbred
Bos taurus cows, synchronized with application of two dosages of PF2α (an 11-day interval),
establishing pre-ovulatory follicles of diameter 14.1 ± 1.9 mm. Thus, based on the results of
different studies one might suggest elements such as treatments or dosages used, development
stages (heifers, cows), number of births, and so on, may somehow explain the different effects
established [40].

Nutrition factors may somehow influence follicular dynamics of heifers [41]. One may suppose
that the heifers used in this study were grazing without any additional supplement to
guarantee total coverage of their physiological needs; therefore, there might be an imbalance
that would generate an initial effect at the hypothalamus, and subsequently the anterior
pituitary (adenohypophysis), which affects synthesis and secretion of gonadotropic hormones,
and follicle growth and development could be affected [40].

Furthermore, it should be noted that follicle measurements were made on the morning of day
9 in this work (before application of oestradiol benzoate); then, each heifer was given 1 ml (5
mg) of oestradiol benzoate in order to stimulate synthesis and secretion of FSH and LH to
facilitate both the final follicle development and ovulation [10]. Therefore, we can suppose that
the final development stage of the pre-ovulatory follicle is not yet completed where action by
gonadotropic hormones increases final diameter, and follicle diameter averages may be lower
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compared to the results of most studies cited, where measurements were performed at the
time of maximum follicle development (day 9 in the afternoon) [35] [42].

In relation to the effect (P<0.05) with treatment 1 (eCG day 5 – starting day of synchronized
cycle follicle wave) given by this study, eCG seems to trigger an outbreak of event cascade at
molecular level, resulting in a further development of dominant follicle [31]. Here we must
take into account of course that eCG stimulates the mRNA formation encoding FSH and LH
recipients, whose stimulation increases as the follicle is at a very early stage of dominance.
During this period eCG continues to operate with a three-day lifespan [43], which virtually
guarantees its action during the time that the follicle is becoming dominant, and allows an
increased density of FSH and LH recipients, which is associated to follicle growth [44]. On the
other hand, compared with heifers of treatment group 2 (eCG day 8), whose application was
made with follicle dominance practically established, the stimulating effect of eCG would be
very short.

Table 3 shows the results of variables corpus luteum (number) and luteal volume (mm3) on
day 17, plasma P4 concentration (ng/ml) on days 9 and 17, and percentage pregnancy (%) on
day 52, with a comparison between treatments (eCG day 5 versus eCG day 8). Analysis and
discussion of variables by luteal volume on day 17, P4 concentration on day 17, and pregnancy
rate on day 52 (see Table 3) are provided to analyse thoroughly the variable pregnancy rate
for a greater understanding of studies related that deal with these three variables together.

Min. Max. Avg¹  Min. Max. Avg¹ 

Progesterone Concentration (ng/ml) 

 

Luteal Volume (mm
3
) day 17

Min. Max.  Avg¹ 

Corpus Luteum

(Number) Day 17  
Min.  Max. Avg¹ 

67 (47/70)2 10 5.2 ± 0.22 375.4 18057.3 5236.1 ± 429.7 0 0.9 0.3 ± 0.03
Total Sample 

(n=70)  1 2 1.1 ± 0.2

64 (18/28) a2 9.6 5.52 ± 0.30 a 1150.35 18057.3 5554.9 ± 758.6 a 0 0.86 0.33 ± 0.05 beCG day 8 (n=28) 1 1 1 ± 0 a

69 (29/42) a1.98 10.1 5.12 ± 0.31 a 375  16443.6 5023.6 ± 512.4 a 0 0.84 0.28 ± 0.03 beCG day 5 (n=42) 1 2 1.1 ± 0.3 a

 

Day 17
Pregnancy (%) 

Day 52 Treatment 

    

Day 9

Table 3. Performance of luteal structures, progesterone concentration and pregnancy rate. ¹Results by luteal volume
and progesterone concentration are expressed as average (mean) ± SEM while other values are expressed as mean ±DS.

2.1.3. Corpus luteum (Amount)

All heifers (70/70) of two experimental groups in this research (42 heifers of treatment 1 –eCG
on day 5; 28 heifers of treatment 2 – eCG day 8) had at least one functional corpus luteum
consolidated on day 17 (dioestrus stage) with application of control protocols of oestrus cycle
proposed (see Table 3); therefore we can suppose that all heifers ovulated, taking into account
of course that all of them had at least one dominant follicle on day 9 (see Table 2).

According to the average of this variable there was no difference (P>0.05) between treatments
used (Table 3); there were parallels regarding average dominant follicles evidenced (Table 2)
during the experiment.
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A similar study by Nasser et al. [26] accounted for significant differences between both
treatments used (eCG on day 5 or day 8), which provided 400 IU of such a hormone to Nellore/
Angus-crossbreed recipients, synchronized for fixed-time embryo transfer, where 1.44 ± 0.18
corpora lutea were obtained (eCG day 5) compared to 1.03 ± 0.03 corpora lutea (eCG day 8),
using more sensitive animals in relation to hormone dosages used (Bos indicus breed). How‐
ever, established values in that analysis when eCG was applied on day 8 are similar to this
report, maybe due to similar synchronization treatments used.

In a study by Baruselli et al. [37], which used a control treatment (no eCG), statistical differences
were evidenced in recipients of Zebu-cross embryos, which were given 800 IU of eCG (day 5
in relation to start of synchronized cycle – growth of a new follicle wave). This study reports
2.58 ± 2.93 corpora lutea in animals with eCG, but 0.5 ± 0.5 corpora lutea in animals without
eCG. This finding may demonstrate a super-ovulatory action of eCG following a dosage of 800
IU, given on starting-growth day of the follicle wave. Such a super-ovulatory effect has also
been seen in other experiments conducted by Fuentes and De la Fuente [36], who worked with
Holstein heifers applying 1000 IU of eCG on day 5 (in relation to treatment start). That study
reveals that the hormone significantly increased the number of corpora lutea (between two
and five structures for each ovary at the transfer time). Following the variable in several
studies, these results could also be indicating different actions of eCG according to dosage
used, breed type, and development status of the animal (cow or heifer), which could influence
the results for number of follicles (see explanation above) [35].

2.1.4. Luteal volume

For this variable there was no difference (P>0.05) between treatment groups (see Table 3). This
highlights a synchrony due to evidence of luteal structures established on day 17, so it is
evident that 100% of heifers in both treatments (treatment 1 – eCG day 5, 42/42; eCG day 8,
28/28) had at least one consolidated luteal structure. For a better understanding of the results,
a discussion related to luteal volume on day 17, P4 concentration on day 17 and pregnancy rate
is carried out to analyse the variables by pregnancy rate.

2.1.5. Progesterone concentrations

It should be clear that the first day of sampling (day 5) certainly could not have any effect of
treatment using eCG for this variable, because at the time of sampling the hormone was not
applied to treatment group 1 (eCG day 5); in treatment group 2 eCG was only applied on day
8. However, the behaviour of P4 concentration on day 5 is shown in Figures 4 & 5) in order to
analyse trends among groups of heifers. Figure 4 shows ranges between minimum and
maximum values, which can be associated to data scattering caused by an irregularity of
oestrus-cycle phases, where heifers of the experimental group were subjected to synchroni‐
zation treatments. This group showed a significant percentage with corpora lutea starting
treatments, which might support reports in the literature whereby approximately 40 or 50%
of a group of reproductive fit females had luteal structures after carrying out a reproductive
examination [44]. Therefore in this analysis we expected a significant percentage of heifers
showing P4 levels higher than 1ng/ml (Figure. 4). It should be noted that a slow release device
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of P4, applied on day 0 of the control protocol for the oestrus cycle, expedited somehow a
concentration (residual) of this hormone [45], evident during the first sampling (day 5). In
relation to a P4 concentration on day 9, there was no difference (P> 0.05) among treatments
assessed (see Table 3).

It should be noted that on day 5, to start the synchronization protocol, prostaglandin F2α was
applied, which triggered a functional and structure regression of any corpus luteum [46].
Therefore, performing an ovarian ultrasound examination during day 9 (sample 2), we did not
find any structure consistent with corpora lutea, which was confirmed by observing plasma
P4 concentration of heifer groups afterwards. In the absence of luteal structures we could
suppose that on day 9 blood P4 (a synchronized cycle) levels should be very close to basal
levels, ≤0.3 ng/ml [2].

These basal P4 concentrations (Figure 3) concur with those reported by authors such as Kastelic
et al. [47], who worked with a group of Holstein heifers, and related measures of corpus luteum
with plasma P4 concentration, resulting on day 9 in a maximum decrease in levels ≤ 0.3 ng/ml.
Perry et al. [48], studying a group of crossbred cows with beef characteristics and a hormone
therapy applied to synchronize the oestrus cycle (GnRH, PGF2α, GnRH) reported P4 concen‐
tration values of 0.2 ng/ml, both in groups of pregnant females and in non-pregnant ones.
Similar values were reported by Chagas et al. [49], working with Holstein heifer recipients of
embryos, which were not subject to a control treatment of oestrus cycle (embryo transfer with
observed heat), 0.21 ± 0.01 ng/ml.

These results by several authors seem consistent to the data of this study, since there are
numerical trends which allow us to observe that on the day of maximum follicle development,
plasma P4 levels dropped to baseline. This is associated to application of prostaglandin F2α
(day 5 of a synchronized cycle), which favours a dramatic reduction of blood flow to the ovary,
triggering a cascade of luteolytic mechanisms [50]. Therefore, on day 9 we would expect to
find a corpus albicans at ovarian level and therefore P4 baseline [51]. In this study, PGF2α had
a luteolytic effect on both groups of treated females; there were thus no statistical differences
in relation to P4 concentration (day 9). As for P4 concentration on day 17, there were no
differences (P>0.05) between treatments assessed (see Table 3).

As could be expected at ovary level during third sampling, there is at least one functional and
developed corpus luteum whose plasma P4 levels had a tendency to be spread (Figure 4), which
is consistent with the difference between sizes of luteal structures shown.

Figure 3 shows an estimated function by regression analysis, which was significant (P<0.05)
for a relationship between CL volume and plasma P4 concentration on day 17 (sample 3),
regardless of treatments of eCG used (eCG day 5 and eCG day 8) on any heifer used during
this work (n=70). Analysis shows a positive correlation between these two variables, indicating
that an increased CL volume involves a P4 concentration; therefore a greater P4 involves a
greater luteal volume which produced it. Probably, catkins is a possibility to adapt a better
embryotrophic environment needed for embryos to be synchronously developed and send
signals for maternal recognition, which could possibly trigger higher pregnancy rates [52].
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Figure 3. Estimated relationship of progesterone concentration (ng/ml) as a function of a luteal volume (day 17).

According to the above, Spain et al. [53] established a correlation (P<0.001) between plasma
P4 concentration and a luteal area of Holstein cows. The authors proposed that luteal area may
be associated to plasma P4 levels and this, in turn, to a pregnancy diagnosis. Sartori et al. [54]
working with lactating cows, dry cows and Holstein heifers, gave them PGF2α on day 7 of the
oestrus cycle, also establishing a correlation between luteal volume and plasma P4 concentra‐
tion. Likewise, Rodriguez et al. [55] in an analysis conducted in the central and low Colombian
tropical areas, using several species and crossbreeds, reported a positive correlation between
both variables. This also coincides with a report by Duica [44], who worked with embryo
recipients, Holstein heifers to which eCG was applied on day 5 (in relation to the synchronized
cycle). Other studies have related the corpus luteum weight to the plasma P4 concentration. In
this regard, authors such as Mann, [17] using multiparous Holstein cows, established on day
5 (in relation to heat) a strong relationship between the corpus luteum weight and plasma P4

concentration. However, this relationship was not present on day 8 (in relation to heat), unlike
in our work.

Other studies have established a variation of this correlation, and authors such as Howell et
al. [56] report a seasonal variation. Other authors have also shown a positive correlation
between the total CL area and P4 in dairy [57]. However, others have observed insufficient
correlation coefficients between these two variables [58] [59].

According to the results presented in several works, authors such as Kastelic et al. [60] suggest
that assessment by ultrasonography of corpora lutea becomes a viable alternative to establish
P4 concentration for an assessment of a luteal function of Holstein heifers.

In relation to variations reported in some analysis one might say that the amount of luteal
tissue formed by small and large luteal cells producing P4 is related to a concentration of the
hormone in plasma; however, CLs are not always functional, since the probable cell alterations
mentioned or modifications of some inner components may alter their secretion [44]. It should
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also be noted that correlation between plasma P4 and luteal area is not constant throughout
the oestrus cycle [61]; therefore, during luteal regression phase this index will lose relevance.
This has not been reported here because there was indeed a correlation on sampling day 3 (day
17 in relation to the start of treatment synchronization – embryo transfer): a luteal volume of
one or more functional CL(s) was detected in all heifers post-ovulating. Other studies have
reported similarly on this topic [62] [44].

Figure 4 shows the performance curve by P4 concentration established for three samples
conducted with total heifers (n=70) (sample 1 – day 5; sample 2 – day 9; sample 3 – day 17).
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Figure 4. Progesterone performance during three samples taken with total heifers (n=70)

In Figure 4, we can infer that the P4 level on day 5 is caused by functional corpora lutea before
application of PGF2α, since 98.6% (69/70) of total heifers of this study had ≥1 ng/ml P4

concentration during first sampling (day 5). We might also argue there is a residual effect
caused by slow-release implants of P4 on the first sampling day (day 5). Considering that
prostaglandin F2α was applied on day 5, immediately after sample 1, the curve (sample 2 –
day 9) shows decreasing P4 levels due to a functional and structural luteolysis caused by a
luteolytic factor by prostaglandin [46], allowing follicle development and dominance [29].
Figure 4 also shows a behaviour pattern of dispersion in the data range at the beginning and
end (days 5 and 17), taking into account the above explanation in relation to possible corpora
lutea established at the beginning of the control protocol of oestrus cycle (day zero) and
synchronization of wave growth achieved on day 5 [45]. Additionally, controlled ovulation
allowed a generation of corpora lutea on day 17 (sample 3), which differed in volume (5236.1
± 429.7) and was reflected at the end of the curve according to several P4 concentrations
established (>1 ng/ml.).
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2.1.6. Pregnancy rate

In relation to pregnancy percentage there are no differences (P>0.05) between treatments (see
Table 3), which is consistent with behaviour established between both variables discussed
(luteal volume and plasma P4 concentration). Therefore, the hypothesis “The day of application
of equine Chorionic Gonadotropin (eCG) determines a luteal development, a progesterone concentration,
and a pregnancy rate to recipient females of bovine embryos” is not entirely supported statistically.
One might note that the heifers undergoing treatment 1 (eCG day 5) showed 5% more
pregnancy than heifers undergoing treatment 2 (eCG day 8), but we cannot legitimately adopt
a conclusion.

Conflicting results have been reported in several studies. Authors such as Nasser et al. [26],
who used crossbreed embryo recipients (Nellore/Angus – Bos indicus/Bos taurus), synchronized
with a protocol for fixed-time embryo transfer (FTET), changing the eCG application day for
each group of animals used (400 IU day 5 or 8), found the following statistical differences of
plasma P4 concentration: 2.69 ± 0.38 ng/ml (eCG day 5) versus 1.63 ± 0.21 ng/ml (eCG day 8).
Statistical differences in pregnancy percentage (pregnant/transferred) were as follows: 63.4%
(eCG day 5) versus 36.1% (eCG day 8), using in vitro, freshly transferred embryos. One might
point out the lower plasma P4 concentrations established in that study, possibly caused by the
small corpora lutea of the typically smaller ovaries of the crossbred Nellore females, i.e., Bos
indicus, versus the Bos taurus used in this study (Holstein heifers).

Machado et al. [62] used Nellore cows (Bos indicus) and a protocol for ovulation synchroniza‐
tion with eCG (400 IU) applied on day 9 (synchronized cycle), and obtained 6927.49 ± 05.86
mm3 luteal volume and plasma P4 concentration of 8.15 ± 0.64 ng/ml. These results are higher
than those found in this study, but the females in that work were cows, not heifers, which
might also influence the results [38].

A plasma P4 concentration higher than that reported here has also been observed in other
studies conducted by Marques et al. [63], who set out to analyse the effects of eCG applied at
the time of implant removal with P4 in Brangus cows, and reported statistical differences of
8.6 ± 0.4 ng/ml in cows with eCG compared to 6.4 ng/ml in cows without eCG, confirming the
previous evidence by Baruselli et al. [37], who synchronized crossbred embryo recipients by
applying 800 IU of eCG on day 5, in relation to a synchronized cycle (growth of a new follicle
wave), establishing that any eCG application generates larger corpora lutea (>13 mm) on the
day of embryo transplant (84% of animals) and a pregnancy rate of 42% (with eCG) versus
34% (without eCG). These results show luteal development may be appropriate when eCG is
applied; P4 synthesis could thus be increased, aiding embryonic development. The period of
maternal recognition of pregnancy might benefit. This is evident in the pregnancy rates found
in previous studies [26] [64].

There may also be discrepancies here with the results of other researchers. For example,
Siqueira et al. [65] established no significant differences with crossbred cows (Bos Taurus/Bos
indicus) when applying eCG on day 5 (in relation to start of protocol). In that study, P4

concentration values reported on day 17 (in relation to a synchronized cycle) were 5.2 ± 5.0 ng/
ml; the luteal area was 72.4 ± 12.0 cm2 in pregnant cows and 71.4 ± 11.3 cm2 in cows that were
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no pregnant. It can be observed that the obtained P4 concentration values were very similar to
those obtained in this work – contrary to what we might expect, since one might assume that
the ovarian structures and P4 concentration of crossbred cows (Bos indicus/Bos taurus) would
be smaller than those established in our work, i.e., 5.12 ± 0.31 ng/ml, using pure Bos taurus
females (Holstein heifers). Heifers’ structures may be smaller than those in cow females [62].

Working with Bos indicus cows, but with no embryo transfer programme or hormone treat‐
ments, Aguirre et al. [66] reported 45% pregnancy, a rate similar to other studies, such as that
by Fuentes and De la Fuente [36], who used Holstein heifers treated hormonally (1000 IU eCG
on day 5 in relation to the treatment start), and reported pregnancy rates with frozen embryos
in glycerol of 54%, ethylene glycol 48%, and fresh 52% (no statistical differences). Rodrigues
et al. [67], working with recipient cows of Nellore embryos, reported pregnancy rates of 56%
(including eCG) compared to 37.8% (not including eCG); these rates are higher than those
reported by Pita et al. [68] working with Zebu crossbred heifers, who found rates of 44% with
frozen embryos using eCG on day 5 of the protocol, and 30% using eCG on day 8 of the protocol.
These figures are lower than those reported by Peixoto et al. [69] using recipient crossbred
Zebu and Holstein heifers (Bos indicus/Bos taurus), where eCG was not applied in synchroni‐
zation treatment – 63.7%, a similar percentage to that obtained here. Other approaches have
verified a range of figures for corpora lutea related to pregnancy rate. Siqueira et al. [65] using
a synchronization treatment for fixed-time embryo transfer (FTET) on crossbred recipients
(Bos taurus taurus/Bos taurus indicus) with fresh embryos (eCG applied on day 5 in relation to
the protocol start), established a pregnancy rate of 42.9% (in recipients with a single corpus
luteum) versus 61.9% (recipients with multiple corpora lutea). They concluded that higher
luteal tissue was accompanied by a higher P4 synthesis, and accordingly a higher pregnancy
rate, but this effect was not demonstrated in our study.

There are several related studies. Their results are mostly contradictory in relation to the
argument that the higher the luteal volume or area, the higher the synthesized plasma P4

concentration, and the higher pregnancy rates [70] [71]. Studies have used different protocols,
and some have applied equine Chorionic Gonadotropin (eCG) as hormonal support. In this
research, when eCG was provided on day 5 we were trying a follicle recruitment and selection
[72] which allows the stimulation of more than one follicle, culminating in multiple ovulation
and, in turn, generating greater luteal tissue [73]. This would synthesize a higher P4 concen‐
tration [10] and lead to a better embryotrophic environment [19] where embryonic develop‐
ment would be appropriate, favouring the maternal recognition of pregnancy. On the other
hand, treatment with eCG applied on day 8, when the follicle domain is established, seeking
a greater stimulation of dominant follicles (in some cases the largest subordinate follicle)
generates a greater luteal tissue, a greater plasma P4 concentration, and a higher pregnancy
rate [73]. Accordingly, one can say that treatment 1 (eCG day 5) and treatment 2 (eCG day 8)
are beneficial for pregnancy rates, taking into account the results cited. This result could stem
from increased plasma P4 concentration caused by eCG [51], which may have stimulated
embryo growth and optimized synchronization and secretion of IFN-τ; therefore, maternal
recognition of pregnancy happened at appropriate times [74]. This may have been produced
by a luteotrophic action caused by applying 400 IU of eCG [10].
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Since there are no differences (P>0.05) between treatments (eCG day 5 vs. eCG day 8) in this
research in terms of variables analysed in Table 3 (luteal volume day 17, P4 concentration day
17, pregnancy rate day 52), one might speculate on probable factors which could play an
important role during performance of treatments applied in the studies cited. These might
include dietary factors among others, which undoubtedly affect physiological reproductive
performance [40]. We should also take into account the species factor, by which there are
differences in hormone sensitivity [75]. Thus, one might infer that concentrations of 400 IU of
eCG will trigger different effects in indicus, taurus and their crossbreeds [38].

Figure 5 shows an overall average P4 performance for all heifers used in the study with three
samples (days 5, 9 and 17). This behaviour is evidenced by the reproductive status of heifers
(pregnant or not pregnant), where we can observe significantly higher concentrations during
the third sampling (day 17), compared to pregnant heifers – an average of 40.6% (1.585 ng/ml)
more plasma P4.

In relation to these concentrations, Siqueira et al. [65] used a synchronization treatment for
fixed-time embryo transfer (FTET), which used eCG applied on day 5 (in relation to protocol
start) in crossbred recipients (Bos taurus taurus/Bos taurus indicus). On day of transfer (day 17
related to a synchronized cycle) a P4 concentration of 5.2 ± 5.0 ng/ml in pregnant heifers was
established, compared to 3.8 ± 2.4 ng/ml for non-pregnant heifers; these results are similar to
those found in our research.

Other works, in which eCG has not been used, as in the study of Chagas et al. [49] who worked
with recipient Holstein cows and heifers which were transferred embryos at standing heat,
established a P4 concentration on day 0 (day of maximum follicle development) for pregnant
females of 0.22 ± 0.01 ng/ml, and for non-pregnant females of 0.21 ± 0.02 ng/ml, values similar
to our research. On transfer day (day 17 of this study) these authors established o2.92 ± 0.08
ng/ml for recipient pregnant females versus 2.88 ± 0.08 ng/ml for non-pregnant females. These
values are lower than those found in our study, where eCG seems to favour a luteinizing
process, influencing P4 synthesis and release [76].

Another study, by Lopes et al. [14], who used Holstein cows synchronized to Ovsynch,
established a P4 concentration on day of artificial insemination of 0.19 ± 0.01 ng/ml in pregnant
cows and 0.24 ± 0.02 ng/ml in non-pregnant ones, suggesting this hormone could be affecting
fertility even at these low concentrations. Moreira et al. [77] suggests low pregnancy rates for
cows with an inadequate corpus luteum regression after an injection of PGF2α. This is because
P4 concentrations may cause incomplete maturation of pre-ovulatory follicles due to low LH
circulating levels (alteration in mode of release), which compromises the follicle ovulation with
sensitization of follicle cells changing to luteal status, altering the oocyte release. There could
also be a change in P4 secretion, changing the uterine environment so that it may no longer be
appropriate for embryonic development; thus the concentration of IFN-τ may not be suitable
at the time of the “critical period” to generate an effective signal of maternal recognition of
pregnancy due to the asynchrony given in its growth.

As discussed above, our analysis shows that prostaglandin applied on day 5 (in relation to the
synchronized cycle) seems to have been effective in all heifers (eCG treatment 1, day 5, and
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eCG treatment 2, day 8), since there was no evidence of luteal structures on the day of sample
2 (day 9 – maximum follicle development). Therefore, one might assume there was a pre-
ovulatory LH peak, taking into account of course the measurable concentration of P4 on that
day (day 9); one might also assume that this came from a luteinizing process during a domi‐
nance period of the ovulatory follicle [2] or a residual status of the P4 implant used [32], for
example. In conclusion, P4 may directly affect LH synthesis and release [78], which is evident
from Figure 6.

Moreover, in some cases plasma P4 concentration on day of embryo transfer (day 17) was
higher (numerically) in successfully pregnant females compared to those not pregnant (Figure
5). In this context, Duica [44] has shown a potential impact upon recipient Holstein heifers
treated with eCG on day 5 (in relation to treatment synchronization start), establishing
differences (P<0.05) between pregnant and non-pregnant females, which might somewhere
involve appropriate support in the uterine environment provided by P4 to the embryos
transferred, which are efficient in IFN-τ synthesis and secretion throughout their development
[19], aiding maternal recognition of pregnancy [18].

Figure 6 shows P4 concentration on day 9 of 33% (23/70) in successfully pregnant heifers. It is
evident that 17% (4/23) of these heifers showed P4 concentration lower than 0.1 ng/ml. In
contrast, 83% (19/23) of heifers had a P4 concentration higher than 0.1 ng/ml.

Of the 23 heifers that did not successfully become pregnant, 57% (13/23) belonged to treatment
group 1 (eCG day 5) and 43% (10/23) to treatment group 2 (eCG day 8). Of those in group 1
(eCG day 5) on day 9, 15% (2/13) showed decreased P4 concentration at values lower than 0.1
ng/ml, while 85% reported higher concentrations. Of those in group 2 (eCG day 8) on day 9,
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Figure 5. Progesterone levels in relation to reproductive status.
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20% (2/10) showed decreased P4 concentration at values lower than 0.1 ng/ml, while 80%
reported higher concentrations.

Based on these results, we can suppose that a stronger decrease of P4 on the day of maximum
follicle development (sample 2 – day 9) to minimum levels should improve pregnancy rates.
This is because the expected LH peak may occur without difficulty with subsequent, appro‐
priate luteinization and ovulation [79]; cows that present supra-basal P4 levels may not become
fertilized. Additionally, this may affect ovulatory follicle luteinization, and thus the life
structuring or programming of the corpus luteum and P4 synthesis. Finally, it should be noted
that the uterus might also be damaged – there is evidence of imbalance between the steroid
hormones P4 and oestradiol, for example [80].

Figure 7 shows logistic function according to the treatment effect (eCG day 5 and eCG day 8)
of follicle diameter (dominant follicle – day 9), total luteal volume (day 17), and progesterone
concentration levels (day 17) upon pregnancy diagnosis. Only plasma progesterone concen‐
tration on day 17 (third sample) was significant (P<0.1) in terms of pregnancy probability.

As we can observe (10.1 ng/ml) one might infer there is an increasing probability of pregnancy
to the maximum P4 concentration value. We should also note that this increased probability
of pregnancy may increase to the maximum P4 level for the total animals used in this research
(treatment 1, eCG day 5; treatment 2, eCG day 8) in the range of values reported; however, we
cannot always expect that an increased P4 value increases the likelihood of pregnancy [25].
This can happen regardless of indications that blood P4 levels and uterine environment during
luteal phase favour pregnancy establishment and maintenance conditions [51].

In contrast to the results of this research, other works have not shown any significant effect of
P4 upon pregnancy. Siqueira et al. [65] used a synchronization treatment for a fixed-time
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embryo transfer (in vivo and in vitro embryos), applying eCG on day 5 (in relation to the
protocol start) in crossbred recipients (Bos taurus taurus/Bos taurus indicus), applying a logistic
regression model, and showed that the only variable (P=0.0002) significantly affecting
pregnancy was the embryo type produced (in vivo and in vitro), not P4 concentration, corpus
luteum echo texture and area, animal category, embryo quality, or embryo development stage.

Rodriguez et al. [55] used several species and crossbreeds as recipients with transferred fresh
and frozen embryos, then assessed the effect of other independent variables (CL diameter,
P4 concentration, embryo stage, embryo quality and species) upon pregnancy diagnosis. They
did not establish any effect of any of these variables upon pregnancy diagnosis.

Other works have tried to relate pregnancy to other variables. For example, Peixoto et al. [69]
used crossbred Holstein and Zebu heifers (Bos indicus/Bos taurus) as embryo recipients to
determine which explanatory variables (transfer years: 1992-1999; season: autumn, winter and
spring; embryo species; embryo stage; embryo quality; and synchrony between donors and
recipients) might have a direct impact upon pregnancy. They established that the best logistic
model to explain pregnancy included effects of year, transfer time, embryo stage, quality, and
oestrus synchrony between donor and recipient.

Including other explanatory variables, Perry et al. [42] worked with synchronized crossbred
heifers under a CO-Synch protocol for artificial insemination, and established that a pre-
ovulatory follicle size (≥12.8 mm) predicted pregnancy at about 68.0 ± 4.9%, which decreased
with follicle size.
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Table 4 shows P4 profile comparisons (ng/ml) on the third sampling (day 17) using the Odds
ratio, according to the results obtained by performing the logistic regression proposed.
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Table 4. Contrasting progesterone profiles – pregnancy Odds ratio

Based on the results shown in the table, we might compare a heifer with a P4 concentration of
6 ng/ml (profile 1) to a heifer with a P4 concentration of 4 ng/ml (profile 2), and establish an
Odds ratio of 2.72, indicating that it is 2.72 times more likely that the profile-1 cow should
become pregnant than the profile-2 cow; therefore, pregnancy probability increases in line with
P4 concentration.

3. Conclusions

This study allows us to conclude that:

There was no effect of the day of application of eCG (day 5 or 8) on the number of dominant
follicles; however, the eCG did affect the follicular diameter when applied on day 5, relating
to the start of an oestrus synchronization protocol.

There was no effect of the day of application of eCG on the plasmatic progesterone levels on
days 9 and 17 in protocols of oestrus synchronization in Holstein heifers. In the same way, the
day of application of eCG does not affect the pregnancy rate evaluated on day 52 in Holstein
heifers.

Further works should focus on antiluteolitic strategies that allow pregnancy rates in heifer and
cow recipients involved in embryo transfer programmes to be improved.
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