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ABSTRACT

Background: Embryo transfer is one of the most commonly used reproductive biotechnique. The success of embryo 
transfer is also affected by the synchrony of estrus and ovulation between donor and recipient animals. In horse reproduc-
tion, ultrasonography has been used, among other purposes, to diagnose early pregnancy. However, only the color Doppler 
imaging mode makes it possible to evaluate the vascular architecture and the hemodynamic aspects of the vessels in several 
organs, especially the corpus luteum. The objective of this study was to evaluate, based on the color Doppler ultrasound, 
the corpus luteum vascularization and function from recipient mares at embryo transfer timing. 
Materials, Methods & Results: Mangalarga Machador mares from 5 to 10-year-old and a range of live weights of between 
350 to 450 kg were used for this experiment, kept in pasture-based on mombaça grass (Panicum maximum) and were given 
ad libitum access to water and mineral supplementation. The animals (n = 15) were gynecologically examined and uterine 
consistency was evaluated by rectal palpation the same operator using an ultrasound system (SonoScape®) with a linear 
transducer, and operating frequency ranging from 5 to 10 Mhz. The uterine tone was classified between grades 1 and 4 and 
subjected to ovulation induction. The objective and subjective vascular perfusion of the corpus luteum was evaluated by 
color Doppler ultrasound on the day of embryo transfer and endometrium. The determination progesterone concentration 
on the day of the embryo transfer was performed by direct chemiluminescence assay. The arcsine (√P/100) transforma-
tion was applied to the percentage data, and the results were expressed as mean (.) ± standard error of the mean (SEM). 
Further, the assumptions of normality and homoscedasticity were verified, respectively, based on the Shapiro-Wilk and 
Lilliefors tests. Regarding the parametric and non-parametric variables, were applied, respectively, analysis of variance 
(ANOVA) followed by Tukey’s test, and the Kruskal-Wallis test followed by Dunn’s test. Pearson’s correlation coefficient 
was used to evaluate the relationship between the parameters. The statistical program SPSS 16.0 was used to perform the 
over-mentioned analyses, and a p-value < 0.05 was taken as significant. Corpus luteum vascular perfusion, based on the 
objective and subjective evaluation methods, and the progesterone concentration were higher in the pregnant mares (P < 
0.05). The objective and subjective methods for evaluation of the vascular perfusion in the corpus luteum were positively 
correlated between themselves as well as to progesterone concentration (P < 0.05). There was no significant difference 
between the groups considering the uterine tonus evaluation (P > 0.05).
Discussion: Mares that later became pregnant showed a higher concentration of progesterone as an outcome of the higher 
vascularization in the corpus luteum. It can be supported by both the correlation between the progesterone concentration 
and the corpus luteum vascular perfusion, as well as by the higher values of the vascular perfusion in pregnant mares. 
Based on the results, it has been concluded that the color Doppler ultrasound evaluation is an accurate tool to determine 
the corpus luteum vascularization, whether considering the objective or subjective methods. Also, the vascular perfusion is 
the most efficient parameter to determine both the corpus luteum function and to predict the ability of the recipient mares 
to maintain pregnancy.
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INTRODUCTION

	Embryo transfer is a reproductive biotechnology 
that provides better usage of animals with high genetic 
merit. The success of embryo transfer is also affected by 
the synchrony of estrus and ovulation between donor and 
recipient animals [9,14]. This synchrony can be affected, 
among other factors, by the duration of luteal phase in the 
recipient mares [13,17]. The corpus luteum is a transient 
endocrine gland, and its role is to produce progesterone 
(P4), which is needed to maintain the gestation [10,19].

The color Doppler imaging mode makes it possible 
to evaluate the vascular architecture and the hemodynamic 
aspects of the vessels in several organs, especially the corpus 
luteum [8,12]. Generally, the vascularization and function of 
the corpus luteum are important features to be considered 
when selecting recipient mares to embryo transfer [19,11]. 
Furthermore, promising synchronization results have been 
achieved when the ovarian stimulation is performed by using 
deslorelin acetate at low doses [3,18]. However, few studies 
have been evaluated the corpus luteum features at the embryo 
transfer timing in recipient mares submitted to induction of 
ovulation with deslorelin acetate.

Based on the above considerations, it was hy-
pothesized that the vascularization and function of the 
corpus luteum, at the embryo transfer timing, would be 
higher in mares detected later as pregnant. Thereby, this 
study aimed to evaluate the corpus luteum vasculariza-
tion and function, at embryo transfer timing, based on the 
objective and subjective evaluation approaches by using 
the color Doppler ultrasound, in recipient mares sub-
jected to induction of ovulation with deslorelin acetate.

MATERIALS AND METHODS

Experimental animals and place

The experimental trial was performed during the 
breeding season in “Central de Reprodução Equestre”, 
Itabaiana-PB, Brazil, geographically located at latitude 
7°19’44 “south and longitude 35°19’58” west.

Mangalarga Machador mares from 5 to 10-year-
old and a range of live weights of between 350 to 450 kg 
were used for this experiment. The animals were gyne-
cologically examined, kept in pasture-based on mombaça 
grass (Panicum maximum) and were given ad libitum ac-
cess to water and mineral supplementation (Kromium®)1. 

Synchronization of the recipient mares

The recipient mares were treated with 7.5 mg of 
dinoprost-tromethamine (Lutalyse®)2, via intramuscular 

(IM). Then, the ovaries were examined daily by using B-
mode ultrasonography until the largest follicle reached 
the diameter of 33 mm and the endometrium showed 
edema between grades 2 or 3, as suggested by Curran 
& Ginther [6]. At that time, the ovulation was induced 
with 1500 μg of deslorelin acetate (Sincrorelin®)3 via IM. 
Ultrasound examinations were carried out on daily-basis 
through B-mode until ovulation was detected.

Uterus and corpus luteum evaluation

The uterine consistency was evaluated by rectal 
palpation, and the uterine tone was classified between 
grades 1 and 4, as proposed by Oliveira Neto et al. [20].

Transrectal ultrasound examinations were car-
ried out by the same operator using an ultrasound system 
(SonoScape®)4 with a linear transducer, and operating 
frequency ranging from 5 to 10 Mhz (SonoScape®)4. The 
corpus luteum was evaluated by color Doppler ultrasound 
on the day of embryo transfer. The area (mm2) and the 
diameter (mm) of the corpus luteum were measured from 
a B-mode image, as determined by Curran & Ginther [6].

The subjective evaluation of the corpus luteum 
vascular perfusion was performed based on a film with a 
minimum duration of 60 s, which was used to determine 
the percentage of luteal tissue with colored signals. The 
result of the subjective evaluation was estimated by the 
percentage of colored pixels observed in the image, as 
suggested by Ginther et al. [11] and shown in Figure 1. 
The subjective evaluation of the endometrium vascular 
perfusion was scored from 1 to 4 [11].

Regarding the objective evaluation, the vascular 
perfusion of the corpus luteum and endometrium were 
estimated by using three images that showed a higher 
amount of colored signals in the luteal area based on the 
Adobe PhotoShop 5.5 program (Adobe Systems)5. The 
total number of pixels and the intensity were generated 
by the ImageJ 1.31v program (National Institutes of 
Health, Bethesda, MD). The number of colored pixels 
was transformed into vascularized luteal area consider-
ing one color pixel as 0.0465 mm2 of the area.

Hormonal analysis

On the day of embryo transfer, jugular vein 
blood collection was carried out using a 4 mL (Vacu-
ette®)6 tube coated with a clot activator (SiO

2
) and a 25x8 

needle. The determination of the progesterone concen-
tration was performed by direct chemiluminescence 
assay (Immulite I®)7. The analytical sensitivity was 0.2 
ng/mL, and accuracy 106 intra-assays ranged from 6.3 
to 16%, and inter-assay from 5.8 to 16%.
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Embryo transfer and pregnancy diagnosis

Blastocyst embryos (D7) were transferred to 
the recipient mares on the sixth day after ovulation, as 
suggested by Ferreira-Silva et al. [9]. Uterus, corpus 
luteum, and progesterone levels were evaluated when 
the embryo was transferred. On the sixteenth day after 
the transfer, the pregnancy diagnosis was made, and the 
recipients were grouped according to the gestational 
status in pregnant and non-pregnant mares.

Statistical analysis

The arcsine (√P/100) transformation was 
applied to the percentage data, and the results were 
expressed as mean (.) ± standard error of the mean 
(SEM). Further, the assumptions of normality and 
homoscedasticity were verified, respectively, based on 

Figure 1. Representative images based on the subjective evaluation of the corpus luteum vascular perfusion on the day of ovulation from recipient mares 
stimulated at embryo transfer timing. Percentage of the endometrium vascularization: 5% (A), 10% (B), 20% (C), 30% (D), 50% (E), 60% (F), 70% 
(G), 80% (H), and 90% (I).

the Shapiro-Wilk and Lilliefors tests. Regarding the 
parametric and non-parametric variables, were applied, 
respectively, analysis of variance (ANOVA) followed 
by Tukey’s test, and the Kruskal-Wallis test followed 
by Dunn’s test. Pearson’s correlation coefficient was 
used to evaluate the relationship between the param-
eters. The statistical program SPSS 16.0 (SPSS-22)8 

was used to perform the over-mentioned analyses, and 
a P-value < 0.05 was taken as significant.

RESULTS

The evaluation of the uterus and corpus lu-
teum, as well as the serum progesterone levels from 
pregnant (53.33%) and non-pregnant (46.67%) mares 
are shown in Table 1. Progesterone concentration 
and corpus luteum vascular perfusion based on the 
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objective and subjective evaluations were higher (P < 
0.05) in the pregnant mares than in the non-pregnant 
ones. There was no significant difference between 
the groups considering the uterine tonus evaluation 
(P > 0.05).

Table 2 shows the correlation coefficient 
between the evaluated parameters. There was a posi-
tive correlation (P < 0.05) between the objective and 

Table 1. Mean values (mean ± standard deviation) of the uterus and corpus luteum ultrasonographic parameters, as well as the 
progesterone concentration from recipient mares stimulated at the embryo transfer timing.

Parameter
Mares

Pregnant Non-pregnant

Objective vascular perfusion in the endometrium (mm2) 357.56 ± 103.93a 181.37 ± 54.60a

Subjective vascular perfusion in the endometrium (1-4) 1.87 ± 0.39a 2.14 ± 0.24a

Uterine tonus (1- 4) 2.75 ± 0.36a 2.57 ± 0.40a

Objective vascular perfusion in the corpus luteum (mm2) 1216.97 ± 74.45a 661.81 ± 117.11b

Subjective vascular perfusion in the corpus luteum (%) 51.00 ± 2.07a 41.45 ± 3.15b

Area of the corpus luteum (mm2) 7.66 ± 0.36a 7.41 ± 0.91a

Diameter of the corpus luteum (mm) 31.53 ± 1.84a 30.68 ± 1.82a

Progesterone concentration (ng/mL) 10.64 ± 1.13a 7.19 ± 3.49b

Ovulation (days) 5.00 ± 0.26a 4.28 ± 0.18a

Parameters with different letters in the same row are statistically significant (P < 0.05).

subjective evaluation methods of the corpus luteum 
vascular perfusion (Figure 1). Additionally, the proges-
terone concentration was positive and significantly cor-
related to the vascular perfusion of the corpus luteum 
and endometrium, considering both the objective and 
subjective methods (P < 0.05). There was a positive 
correlation between the diameter of the corpus luteum 
and its area (P < 0.05).

Table 2. Pearson’s correlation coefficients (r) among ultrasonographic parameters of the uterus and corpus luteum, as well as proges-
terone concentration from recipient mares stimulated at embryo transfer timing.

Correlated Parameter r

Objective vascular perfusion in the corpus luteum vs Subjective vascular perfusion in the corpus luteum 0.66*

Objective vascular perfusion in the corpus luteum vs Progesterone concentration 0.63*

Subjective vascular perfusion in the corpus luteum vs Progesterone concentration 0.69*

Objective vascular perfusion in the corpus luteum vs Corpus luteum diameter -0.03

Objective vascular perfusion in the corpus luteum vs Corpus luteum area -0.33

Corpus luteum diameter vs Corpus luteum area 0.98*

Progesterone concentration vs Corpus luteum diameter -0.28

Progesterone concentration vs Corpus luteum area -0.20

Progesterone concentration vs Uterine tonus 0.25

*P < 0.05.

DISCUSSION

The hypothesis proposed in this study was 
that color Doppler ultrasound evaluation would allow 
identifying higher vascular perfusion of the corpus 
luteum in pregnant mares when compared to the 
non-pregnant ones. Furthermore, it was hypothesized 
that the objective and subjective methods for corpus 
luteum evaluation by using the color Doppler mode 

are correlated. The first hypothesis was confirmed 
once a higher number of colored pixels was identified 
in the ultrasound images from the corpus luteum of 
the pregnant mares. Likewise, there was a significant 
correlation between objective and subjective evalua-
tion methods. These results highlight the importance of 
color Doppler evaluation as an efficient tool to select 
the best recipients for embryo transfer in horses.
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Considering that there was no difference 
on the ovulation day between pregnant and non-
pregnant mares, it was also expected no differences 
regarding the progesterone concentration between 
the groups. However, mares that later became preg-
nant showed a higher concentration of progesterone 
as an outcome of the higher vascularization in the 
corpus luteum. It can be supported by both the cor-
relation between the progesterone concentration and 
the corpus luteum vascular perfusion, as well as by 
the higher values of the vascular perfusion in preg-
nant mares. Furthermore, this result corroborates 
the hypothesis that the corpus luteum with a higher 
vascularization produces more progesterone [11,13]. 
From a histological point of view, this higher vascu-
larization is a result of the contact between the luteal 
cell and the capillaries developed at the beginning 
of the corpus luteum formation, which is essential 
for its functionality and, consequently, to maintain 
the pregnancy [5,7,10].

The significant correlations identified among 
the objective and subjective methods with the corpus 
luteum vascular perfusion, as well as with proges-
terone levels are supported by the previous reports 
[4,15,21]. These authors reported a significant 
relationship between the corpus luteum vascular 
perfusion, based on the subjective evaluation, and 
the progesterone concentration. Considering these 
authors and the results reported here, it is possible 
to validate the subjective analysis and recommend 
it to be applied for the selection of embryo recipi-
ent mares.

The absence of correlation among the area 
and the diameter of the corpus luteum with its 
vascular perfusion and also with the progesterone 
concentration was already reported [2,4]. The find-
ings reported here allow us to state that the corpus 
luteum dimensions neither affect the progesterone 
production nor pregnancy. It is also possible to 
consider that the evaluation of the corpus luteum 
morphometric parameters alone does not provide any 
relevant information about its functional capacity, 
as reported by Veronesi et al. [22] and Lüttgenau 
et al. [15].

Although there was an expectation that uterine 
tonus and endometrial perfusion influence the preg-
nancy rate, these parameters did not differ between 
pregnant and non-pregnant mares. Furthermore, there 

was no correlation between uterine tonus and proges-
terone concentration. These findings do not support 
those reported by McCue et al. [16], Bollwein et al. 
[4] and Ginther et al. [11], who reported significant 
correlations among uterine tonus, progesterone con-
centration, and pregnancy rate. Considering that there 
is no agreement between the results reported by that 
authors and those found here, likely the uterine tonus 
is not a reliable parameter to predict the pregnancy 
rate. It is worthwhile to mention that the pregnancy 
rates obtained here were similar to those reported 
in the literature [23,24] and supports the efficacy 
of the equine embryo transfer methodology used in 
this study.

CONCLUSIONS

Based on the results, it has been concluded 
that the color Doppler ultrasound evaluation is an 
accurate tool to determine the corpus luteum vas-
cularization, whether considering the objective or 
subjective methods. Additionally, the selection of 
mares with a higher corpus luteum vascular per-
fusion at the embryo transfer timing is the most 
efficacious parameter to predict the corpus luteum 
function and the ability of the mare to maintain 
pregnancy.
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