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In cows embryo transfer occurs on the 71 day of the oestrous cycle. Embryo survival and suc-
cessful pregnancy depend on many factors, including early interaction between embryo and en-
dometrium. Therefore, the aim of our research was to describe histo-morphological
characteristics of endometrium in donor and recipient cows on obtaining and transfer day, respec-
tively (7”’ day of the oestrus cycle). In addition, progesterone and oestradiol levels, the ipsilateral
and contralateral corpus luteum, animal age, lactation number and days postpartum were deter-
mined. The results of the study revealed a significant difference in endometrial gland cell size,
vacuolisation of glandular epithelium cytoplasm, and stromal oedema in the donor and recipient
cows. However, these parameters were related only to the level of progesterone in the blood, and

no other investigated factors in this study.
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INTRODUCTION

Dairy farming plays an important role in the global econ-
omy; therefore, a lot of research has been done to improve
dairy cattle productivity in connection to longevity, health,
and especially on reproduction. Nowadays, embryo produc-
tion in vivo (multiple ovulation and embryo transfer,
MOET) and other assisted reproductive techniques, like oo-
cyte aspiration and embryo production in vitro have contin-
ued to develop rapidly in recent years (Ferre et al., 2019;
Lolatto et al., 2022). Embyo transfer (ET) is used to pre-
serve certain rare cow breeds or highly productive cow indi-
viduals, to achieve genetic diversity, higher milk or meat
productivity or to allow the creation of genetically optimal
couples. It increases marketing opportunities with purebred
cattle, and a higher number of genetically high-grade off-
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springs (Seidel and Seidel, 1991). Special attention should
be paid to determine appropriate recipients (Pedersen et al.,
2017). There are many factors influencing successful ET,
the most important of which are: effective multiple ovula-
tion in the donor, suitable synchronisation of the donor and
recipient cows, embryo quality, and reproductive health of
cows involved (Yesilkaya and Erdem, 2022). The uterine
environment plays a significant role in embryo survival. Re-
sults from several studies indicate the importance of in-
creasing circulating concentration of progesterone (P4)
post-ovulation to enhance the uterine environment and con-
ceptus development. P4 promotes the abundance of selected
nutrients in the histotroph, which advances conceptus devel-
opment and increases the survival of conceptuses (Song et
al., 2005; Bazer et al., 2011). Consequently, interactions
among embryos and the complex mixture of molecules se-

This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https:/creativecommons.org/licenses/by/4.0/).

Proc. Latvian Acad. Sci., Section B, Vol. 77 (2023), No. 2.

117



creted into the uterine lumen by endometrium glands and
luminar epithelium are important factors that influence the
survival, growth, development, and implantation of the con-
ceptus. Heifers were used as embryo recipients on the 7
day of the oestrous cycle (Sinchez et al., 2019). Poor uterine
environment may lead to embryonic death before day 7 in
an inseminated cow and causes the death of a transferred
healthy embryo after day 7 (Hansen, 2020). The intrauterine
environment is formed by secretion of the endometrial
gland and luminar epithelium. It was found to have signifi-
cantly greater endometrium superficial gland epithelial cell
height than the deep gland during of oestrus cycle (Benbia
et al., 2017). So far, no specific studies were found, which
were dedicated to comparing endometrium morphological
structures in cows with induced MO and cows with physio-
logical oestrus cycle. However, histological differences in
endometrium between the donor and recipient cows could
impact the transferred embryo survival ability. Therefore,
the aim of our research was to describe endometrial histopa-
thological characteristics in cows with MO (donor cow) and
without MO (recipient cow) on embryo transfer day (7t
day of the oestrus cycle) depending on P4, and oestradiol
(E2) levels, the presence of corpus luteum (CL) in ipsilater-
ally or contralaterally, animal age, lactation number and
days postpartum.

MATERIALS AND METHODS

Animals. From January 2019 until December 2021, 22
clinically healthy dairy cows were selected from the Re-
search and Study Farm “Vecauce” and Agrofarm “Tervete”
(Holstein and Latvian Brown cows). Cows were 4.6 + 1.9
years old and in 2.4 + 1.8 days of lactation. Their mean
body condition score (BCS) was 4.13 + 0.53 (5 points
scale). Cows were 426 + 208 days postpartum.

All animals were divided into two groups. The control
group (CG) included ten cows without hormonal stimula-
tion, and the multiple-ovulated cow group (MO) included
12 cows hormonally stimulated for MO.

An oestrus synchronisation and superovulation (multi-
ple ovulation) protocols. The CG cows were synchronised
using Ovarelin (Gonadorelin, Ceva Sante Animale, France)
injections of 50 g ml™'.2 ml i.m. on the 0 and 10" day, and
Enzaprost (Dinoprost, Ceva Sante Animale, France) injec-
tions 5 mg ml™".5 ml i.m. on the 7" and 8" day.

The MO cow group was synchronised using standard
OvSynch protocol using prostaglandin F2a (PGF2a) (PGF
Veyx, cloprostenol) and GnRH (Gonavet Veyx 50 pug/ml so-
lution, gonadorelin) injections (Nowicki et al., 2017). To
induce MO, pregnant mare's serum gonadotropin (PMSG;
Sergon, Bioveta) 2500 IU i.m. SID (10 day) was used
(Abdel-Khalek er al., 2018).

Ultrasonography examination. To evaluate ovarian activ-
ity and to confirm successful MO, by the presence of multi-
ple follicles and corpus luteum (CL), 22 cows were exam-
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ined rectally by palpation and transrectal reproductive ultra-
sonography (Easy-Scan, BCF Technology) on the 70 day of
the oestrus cycle.

Sampling. Blood and endometrium biopsy samples were
collected on the 7™ day of the oestrus cycle from all ani-
mals. Blood samples was used to determine the level of P4,
E2 and some blood morphological and biochemical parame-
ters (RBC, Hbg, HTC, MCV, MCH, MCHC, WBC, PLT,
ASAT, GGT, LDH, Urea, TP, Alb, Na, K, Ca, P, ketones,
glucose). The blood haematological and biochemical tests
were taken to evaluate animal health status, and P4 and E2
levels in blood to determine estrus stage and cow ovarian
activity. Blood samples were collected from the caudal
vein. Blood analyses were carried out in the accredited
laboratory of the Institute of Food Safety, Animal Health
and Environment “BIOR”, Latvia (No. LVS EN ISO/IEC
17025:2017).

Two biopsy samples were taken from each animal’s uterus:
one sample from the left and one from the right medium
part of the uterus horn using an endometrial biopsy instru-
ment (Kruuse, Denmark). In total, 44 histological samples
were obtained. To reduce physical pain and suffering
caused by the biopsy procedure, epidural anaesthesia was
provided using Procamidor 20 mg-ml'1 (Procaine hydro-
chloride, Richter Pharma).

Histological samples were prepared at the Faculty of Veteri-
nary Medicine, Latvia University of Life Sciences and
Technologies. The samples were fixed in 10% formalin so-
lution and stored for 24 hours at room temperature. A Leica
ASP200S tissue processor was used for dehydration and re-
moval of fat. Then the samples were embedded in the paraf-
fin blocks using a Medite TES Paraffin Embedding Centre.
The samples were sectioned by microtome Leica RM2255
at 5-um thickness and were placed on slides. The samples
were stained with haematoxylin and eosin (HE) in a Medite
TCA 44-720Tissue Stainer. Histological examination of the
slides was performed at the Institute of Food Safety, Animal
Health, and Environment “BIOR”, Latvia. Endometrium
morphology was evaluated and endometrial gland epithe-
lium cells were measured using a light microscope Nikon
ECLIPSE Ci-L complected with the data processing pro-
gram NIS-Elements D 5.30.05. This equipment had under-
gone verification according to LATAK accreditation.

Histological samples evaluation. Histological samples of
uterus horns endometrium were divided into four groups:
1) biopsy samples of uterus horns with the absence of CL in
the ipsilateral ovarium or presence of CL in the contralateral
ovarium of the cow without hormonal stimulation (CG with
contralateral CL); 2) biopsy samples of uterus horns with
the presence of CL in the ipsilateral ovarium of the cow
without hormonal stimulation (CG with ipsilateral CL);
3) biopsy samples of uterus horns of the cow with unsuc-
cessful hormonal stimulation (unsuccessful MO group); and
4) biopsy samples of uterus horns with the presence of bilat-
eral CL in ovarium of the cow with successful hormonal
stimulation (successful MO group).
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There is no single golden methodology for biopsy examina-
tion, so the development of the methods to be used depends
on the purpose of the study. Histological characteristics of
each endometrium sample were assessed by the following
parameters: 1) height of the epithelial cells (from the base-
ment membrane to the apex of the epithelial cell), measur-
ing randomly selected six cells from three endometrium
glands, giving a total of 18 measurements from each histo-
logical sample; the number of cells was chosen to be statis-
tically representative of the small biopsy; and 2) presence of
vacuolisation of glandular epithelium cytoplasm (supranu-
clear and subnuclear vacuoles) (Fig. 1), endometrium stro-
mal oedema, hemosiderin, and presence of polymorphonu-
clear neutrophils (PMN) in the whole slide (Ohtani et al.,
1993; Salleh et al., 2013; Benbia et al. 2017; Fagundes et
al., 2019; Sivas et al., 2020; Lietaer et al., 2022; Pengjie et
al., 2022). During vacuolisation of endothelium, at first ba-
sal cytoplasm of glandular epithelial cells becomes vacuo-
lated, which correlates with the early secretory phase, and
later vacuoles appear in the apical cytoplasm and release in
the lumen of the gland; therefore, we described supranu-
clear and subnuclear vacuoles in the gland epithelium cyto-
plasm separately (Wang et al., 2007). To avoid subclinical
endometritis and to determine the health status of the uterus,
biopsy samples were evaluated on a 4-point scale: 0 — no
evidence of inflammation; 1 — mild infiltration of lympho-
cytes and plasma cells, few fibrotic areas, cystic glandular
degeneration, vascular changes; 2 — moderate inflammation
showing prominent leukocyte, mild periglandular or blood
vascular fibrosis, less cystic glandular degeneration; and 3 —
severe inflammation, high infiltration of polymorphonuclear
cells, uterine gland atrophy, cystic degeneration and necro-
sis, extensive fibrosis of blood vessels, neutrophil and
macrophage infiltration of the endometrium, isolated sites
of oedema, vascular congestion, haemorrhage, epithelial
disruption or loss (Chapwanya et al., 2009).

Statistical analysis. Data were normally distributed and ho-
mogenous as assessed by the Shapiro-Wilk and Levene’s
tests. The independent-sample T-test was conducted to de-
termine between the means of two independent groups. The
dependent samples T-test was conducted to determine sig-
nificant differences between the means of the two related
groups. The Spearman’s correlation test was used to test the
association between two variables. To compare histological
parameters (stromal oedema, hemosiderin, supranuclear
vacuolisation, subnuclear vacuolisation and subnuclear
vacuolisation) between groups, the chi-square test of homo-
geneity was used. Data are presented as means = SD unless
otherwise stated. Statistical data analysis was carried out us-
ing SPSS Statistics version 23 (IBM Corporation, Chicago,
Illinois).

RESULTS

Blood test results of RBC, Hbg, HTC, MCV, MCH,
MCHC, WBC, PLT, ASAT, GGT, LDH, Urea, TP, Alb,
Na, K, Ca, P, ketones, glucose were in the normal range for
animals (Table 1) (Flatland et al., 2010). In our study, in-
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Fig. 1. Supranuclear (black arrow) and subnuclear (white arrow) vacuoles
in the gland epithelium cytoplasm of uterus, x600, HE.

Table 1. Mean score for blood test results for cows, for all together

Index and measure Results, Norm (Flatland et al.,
mean + standard 2010; Guyot et al.,
deviation 2017)
RBC 10° /ul 6.50 £ 0.84 5.0-10.0
Hbg, g/dl 10.87 +1.24 8.0-15.0
HCT, % 30.05£4.71 24.0-46.0
MCV, fl 47.79 +4.31 40.0-60.0
MCH, pg 15.38 +0.98 11.0-17.0
MCHC, g/dl 3251+ 1.09 31.0-34.0
WBC, 103/pl 7.34+2.08 4.0-12.0
PLT, 103/;41 282.22 +107.70 100.0-800.0
ASAT, U/l 92.06 = 17.60 42.0-115.0
GGT, U/l 18.07 = 13.14 4.0-30.0
LDH, U/l 501.63 + 62.39 308.0-938.0
Urea, mmol/l 4.75+1.02 2.4-75
TP, g/l 71.98 +5.29 66.0-78.0
Alb, g/l 30.37 £5.45 21.0-36.0
Na, mmol/l 140.29 + 8.48 135.0-157.0
K, mmol/l 39+054 3.5-45
Ca, mmol/l 2.39%0.13 2.2-2.9
P, mmol/l 1.92+£0.26 1.6-2.3
Glucose, mmol/l 3.08+0.2 2.2-33
Keton bodies, mmol/l 0.48 £0.22 0-1.2

flammation in endometrial biopsies was not detected, and
all samples were evaluated by score 0 according to the scor-
ing system of Chapwanya et al. (2009), and therefore sub-
clinical endometritis can be excluded for all investigated
animals. A minimal amount of PMN presents in different
estruses periods (Ohtani er al., 1993). However, an in-
creased PMN number leads to the development of endome-
tritis (Pascottini et al., 2016). Previously, there was no clear
determined PMN number in the endometrium for a healthy
cow. PMN number in endometrium was from 0.38 + 1.06 to
0.5 £ 1.24 for CG and from 2.64 + 3.41 to 4.0 + 6.55 for the
MO cow group (Fig. 2). Morphological characteristics of
biopsy samples did not show a significant difference in the
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Fig. 2. Endometrium stromal oedema (1), hemosiderin (2), and presence of
PMN (3) shown in the endometrium of uterus horn of successful MO
group’s cow, x600, HE.

amount of PMN among the groups (Tables 2, 3, 4). Hormo-
nal stimulation in the MO group occurred in 58% of cases
(7 cows out of 12), which was confirmed by ultrasound ex-
amination of ovaries. On average there were 14 CL per ani-
mal (min 9 — max 19), and CL was presented bilaterally in
the ovary. In 42% of cases (5 cows out of 12), MO was not
observed. According to literature data, hormonal stimula-
tion is unsuccessful, if ovaries did not develop any CL or
contained 3 or fewer CL per animal (Jaskowski et al.,
2021). In our study, cows with unsuccessful hormonal
stimulation had 1 to 3 CL (Fig. 3). However, in all control
group cows, CL was detected mainly in the unilateral ovary
and for two cows CL developed in bilateral ovaries.

Level of P4 was significantly higher (p < 0.05) in the MO
cow group with successful hormonal stimulation and multi-
ple CL had developed in this group (215.21 = 73.13

nmol-1° ) but not in CG animals, which did not show hor-
monal stimulation (12.30 = 10.03 nmol-1" ), (Table 2).

Table 2. Histological parameters and steroid hormones in samples of the control and multiple ovulated groups

CG with contralateral| Un-successful MO, P d CG with ipsilateral Successful MO, P d
CL, M+ SD CL, M+ SD
M + SD M + SD

PMN in the 0.38 + 1.06 4.00 + 6.55 0.115 NA 0.50 + 1.24 2.64 +341 0.051 NA
endometrium

Height of epithelial 17.48 £2.82 17.62 +2.55 0.922 NA 18.58 +£2.38 2249 +397 0.007 1.17
cells SG

P4 nmol/l 15.39 £9.08 18.85 +30.71 0.655 NA 12.30 = 10.03 215.21 £73.13 <0.001 3.74
E2 pg/ml 13.04 £ 6.90 10.28 +3.36 0.348 NA 12.54 £ 5.95 11.78 £9.61 0.814 NA

CL, corpus luteum; CG, control group; MO, multiple ovulated group; P4, progesterone; E2, oestradiol; M, mean; SD, standard deviation; d, effect size; NA,

not applicable

Table 3. Histological parameters and steroid hormones in the control and multiple ovulated groups

CG MO
with contralateral | with ipsilateral CL, P d successful MO, un-successful MO, P d
CL, M + SD M+ SD M+ SD
M + SD

PMN in 0.38 + 1.06 0.50 + 1.24 0.818 NA 4.00 + 6.55 2.64 +3.41 0.514 NA
the endometrium

Height of epithelial 17.48 £2.82 18.58 +2.38 0.376 NA 17.62 +2.55 2249 +397 0.004 1.39
cells SG

P4 nmol/l 15.39 £9.08 12.30 = 10.03 0.492 NA 18.85 +30.71 215.21 £73.13 <0.001 3.29
E2 pg/ml 13.04 £ 6.90 12.54 +5.95 0.864 NA 10.28 +£3.36 11.78 £9.61 0.641 NA

CL, corpus luteum; CG, control group; MO, multiple ovulated group; P4, progesterone; E2, estradiol; M, mean; SD, standard deviation; d, effect size; NA,

not applicable.

Table 4. Histological parameters comparing between animals of successful MO group and other groups

Histological Successful MO group and Successful MO group and CG with Successful MO group and CG with
parameters unsuccessful MO group contralateral CL ipsilateral CL
Stromal oedema p=0.081 p =0.050 p=0.041%*
Hemosiderin p=0.770 p=0512 p=0.081
Supranuclear vacuolisation p=0.388 p=0.021%* p =0.005*
Subnuclear vacuolisation p=0.521 p=0.030* p <0.001*

* p < 0.05 is significant difference
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Fig. 3. Ultrasonography examination (Easy-Scan, BCF Technology). Ovarium with multiple follicles (on the left). Ovarium with multiple corpus luteum

(CL) in cow with successful MO (on the right).

Fig. 4. Superficial endometrium gland of cow from successful MO group.
Stromal oedema (1) and three measurements for glandular cell height,
%400, HE.

There was no significant difference in the E2 level among
groups (Tables 2, 3).

The size of glandular epithelium cells was significantly
higher (22.49 + 3.97 um) in the MO cow group than in the
CG cows that lacked hormonal stimulation and in cows of
the unsuccessfull MO group (Figs. 4, 5, 6, 7). Animals of
the MO group with unsuccessful hormonal stimulation and
CG cows showed similar (p > 0.05) height of glandular epi-
thelium cells in endometrium (17.62 + 2.55 ym and 17.48 +
2.82 um, respectively) (Tables 2, 3). We did not find a sta-
tistically significant difference between endometrial glandu-
lar cell height depending on CL localisation in the control
group cows (Tables 2, 3).

There was a statistically significant positive strong correla-
tion between the P4 level and height of the glandular epithe-
lial cells (r = 0.548, n = 42, p < 0.001). There was no corre-
lation between glandular epithelial cell height and animal
age or lactation number, or days postpartum (p > 0.05).
However, there was a significant difference in the intensity
of vacuolisation in glandular epithelium cytoplasm in cows
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Fig. 5. Superficial endometrium gland of cow from CG with ipsilateral CL.
Stromal oedema (1), hemosiderin (2), and three measurements for glandu-
lar cell height, x600, HE.
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Fig. 6. Superficial endometrium gland of cow from CG with contralateral
CL with three measurements for glandular cell height, x400, HE.

that had successful MO and in CG animals (Table 4, Fig. 2).
Endometrial oedema had significantly lower occurrence in
the biopsy samples from CG cows with ipsilateral CL than
in the MO animal group. It seemed that MO had no impact
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Length = 18.09 pm

Length = 19.31 pm

.

Length = 21.42 ym

Fig. 7. Superficial endometrium gland of cow from unsuccessful MO
group. Stroma present hemosiderin (1), absence of oedema and three mea-
surements for glandular cell height, x600, HE.

on the presence of the hemosiderin in the uterine endomet-
rium (Table 4, Fig. 2).

DISCUSSION

Morphometry has been used to monitor pathological
changes in the bovine endometrium. Particular changes in
the cellular morphology of the bovine endometrium occur
during the oestrous cycle and in early pregnancy: there is an
increase in the frequency of mitoses in the epithelium and
stroma during the proliferative phase, when the epithelial
cells become increasingly ciliated, and an increase in the
branching of endometrial glands. This branching reaches a
peak with the cessation of cell proliferation during the early
secretory phase when the basal cytoplasm of glandular
epithelial cells becomes vacuolated with accumulating se-
cretory material. In the secretory phase, this material ap-
pears in the apical cytoplasm and fills the lumen of the
glands (Wang et al., 2007; Espejel and Medrano, 2017).
The results of our research confirmed the above, as on the
7t day of the oestrus cycle, an increased P4 level stimu-
lated endometrial gland secretory activity that manifested in
significantly higher glandular epithelium cell size, as well
as increased vacuolisation of glandular epithelium cyto-
plasm and stromal oedema in MO cow samples from the
uterus horn ipsilateral to ovarium with CL, compared to CG
samples. This indicates that in the case of ET, there is a sig-
nificant difference in the endometrium gland activity be-
tween donor and recipient cows, which leads to the signifi-
cant difference in the contents of histotroph. The uterine
environment formed by histotroph affects the survival rate
of transferred embryos.

Not every cow has a reproductive tract competent to support
sperm survival, fertilisation, and development of the early
embryo. Thus, even the most competent blastocyst trans-
ferred into a recipient cow may die if the uterine environ-
ment is inadequate to support embryo development (Han-
sen, 2020).
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Uterine secretions in the lumen are not well defined in cat-
tle, but there are complex mixtures of proteins, amino acids,
sugars, lipids, and ions derived from genes expressed in the
endometrium as well as selective transport of components
(amino acids, glucose, and albumin and other proteins) from
maternal blood. Endometrial epithelial secretions are par-
ticularly important for conceptus survival and growth
(Geary et al., 2016).

In a similar study (Wang et al., 2007; Benebia et al., 2017),
some additional endometrium characteristics were assessed,
like morphometric parameters of deep endometrium glands
and luminar epithelial cell size, which was not possible in
our study, as in the previous study cow uteri were collected
shortly after slaughter in an abattoir but in our case biopsy
samples were taken from living farm animals. Therefore, in
our study we were not able to assess some of the uterus en-
dometrium histological characteristics discussed in the lit-
erature.

There was no significant differences among researched
groups in the amount of hemosiderin and polymorphonu-
clear leukocytes in the endometrium, and their presence can
be considered as representing physiological norms.

In our study, no correlation between glandular epithelial cell
height and animal age or lactation number or postpartum
days was found.

Results from several studies indicate the importance of the
increase in circulating concentrations of P4 postovulation to
enhance the uterine environment and conceptus develop-
ment. P4 enhances the abundance of select nutrients in his-
totroph, which advances conceptus development and in-
creases the survival of conceptuses (Song et al., 2005;
Bazer et al., 2011). The concentration of P4 is low during
the late follicular and early luteal phase, but after the forma-
tion of the CL its concentration increases dramatically
(Benbia et al., 2017). Results of our study demonstrate that
the P4 level was significantly higher in the MO group with
CL caused by multiple bilateral CL. P4 concentration
reaches its plateau in blood and stays high throughout preg-
nancy or starts to decrease with regression of CL in proes-
trus if pregnancy has not occurred. P4 action via the en-
dometrium of the uterus is critical for conceptus growth and
elongation. Dynamic changes in endometrial gene expres-
sion occur between days 7 and 13, which are regulated by
P4 in nonpregnant and pregnant cattle (Geary et al., 2016).

MO is achieved by using follicle-stimulating gonadotropins,
FSH and LH hormones to promote the development of sub-
ordinate follicles, which results in the development of mul-
tiple ovum and multiple CL in ovaries. However, there are
many factors, such as environment, management, genetics,
nutrition, applied hormones, and the scheme of insemina-
tion, that may influence how a particular cow responds to
hormonal stimulations (Antane et al., 2021). In our study,
hormonal stimulation in the MO group was successful in
58% of cases (7 cows out of 12), confirmed by ultrasound
examination of multiple CL in ovaries. In 42, or five of 12
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cows, MO was not observed and ovaries contained 1-3 CL
per animal. Significant elevation of P4 concentration in se-
rum was detected in cows with a successful response to MO
treatment (215.21 + 73.13 nmol~l'1), compared to other ani-
mal groups. There was no significant difference in serum P4
concentration between cows with unsuccessful MO and CG.
Therefore, we can conclude that animals with unsuccessful
MO developed physiological ovulation, because 1-3 CL
was confirmed by ultrasound examination. This explains
why the gland cell size of endometrium was similar be-
tween cows of the unsuccessful MO group and CG cows.

In multiple ovulation embryo transfers it is crucial to start
the synchronisation protocol so that both the donor and the
recipients will be at day 7 of the oestrous cycle when flush-
ing occurs. This will allow the fresh embryos to be trans-
ferred directly to a recipient that has a uterus ready for the
establishment of pregnancy. If a recipient does not have a
CL at the time of transfer, she should not be used. Preg-
nancy rate was approximately 65% when fresh embryos
were transferred into recipients at the correct stage of the
oestrous cycle (Hansen, 2020). Results of our study confirm
the importance of CL presence in ovarium, and their role in
providing a higher P4 level and consequent morphological
changes in uterus endometrium.

We did not find a significant correlation between glandular
epithelial cell height and animal age or lactation number or
postpartum days. However, according to the literature, de-
pending on the physiological status of the female, about
84% of inseminated beef heifers (Diskin and Sreenan,
1980; Carter et al., 2008) and 72% of dairy heifers (Sartori
et al., 2002) would be pregnant at day 6 to 8 but only about
58% of lactating beef cows (Breuel et al., 1993) and 52% of
lactating dairy cows. To increase the successful pregnancy
rate after embryo transfer it has been suggested to avoid
heat stress and repeat breeding (Hansen, 2020).

Low serum P4 during the development of the ovulatory fol-
licle might be one of the critical factors leading to the in-
crease in early embryonic death in lactating dairy cows.
Fertilisation rates were not affected when different circulat-
ing concentrations of P4 were tested during the develop-
ment of the ovulatory follicle, but low circulating concen-
trations of P4 and the subsequent increase in LH pulses can
create persistent follicles and cause germinal vesicle break-
down, which leads to reduced fertility (Martins et al., 2018).
There has been a suggestion to increase the recipient P4
level to improve successful pregnancy rate like in human
medicine, whereas it is economically disadvantageous in
cattle reproduction. Differences in endometrial tissue P4
concentration between different regions of the same uterine
horn and between the horns ipsilateral and contralateral to
the ovary bearing the corpus luteum (CL) during the luteal
phase have been reported, indicating a local effect of the CL
on P4 concentration in the bovine endometrium. There is a
local counter-current transfer system through which steroid
hormones may be transported from the ovarian vein to the
ovarian artery, which is connected to a branch of the uterine
artery by a prominent anastomosis in cattle supplying the
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oviduct and uterine horn. The uterine endometrium plays a
key role in driving the elongation process via secretion and
production of histotroph into the uterine luminal fluid
(ULF). Embryo transfer studies established that the inci-
dence of embryo loss is higher following transfer to the
uterine horn contralateral to the ovary containing the CL,
compared to transfer to the ipsilateral horn (Sanchez et al.,
2019; Bagés-Arnal et al., 2020). Therefore, it is recom-
mended to transfer the embryo in uterine horn ipsilateral to
the ovary containing CL (Bagés-Arnal et al., 2020). How-
ever, many researchers have tried to find a scientific expla-
nation for this. Some studies did not find any difference in
survival of embryo transfer into the ipsilateral or contra-
lateral horn to the CL in cattle, for example, foetal survival
at day 42 was similar if embryos were transferred into the
base of the ipsilateral horn, base of the contralateral, or tip
of the contralateral horn, which was associated with similar
in P4 concentration or in PGR, PGRMCI1, or PGRMC2
mRNA expression in the middle part of both uterine horns
(Newcomb et al.,1980; Takahashi er al., 2016). Although
differences in gene expression exist between the endo-
metrium of uterine horns ipsilateral and contralateral to the
CL in cattle, they do not impact conceptus survival or
length between day 7 and 14 (Sanchez et al., 2019). In our
study, we did not find any significant difference in
endometrial gland activity in ipsilateral or contralateral horn
to the CL in recipient cattle (control group) at 7 day of oes-
trous. However, the bovine embryo modulates the biochem-
ical composition of the uterine microenvironment as early
as day 7 in vivo, and such modulation seems to be local, in
cranial part of horn (Sponchiado et al., 2019).

A limitation of our study was related to one biopsy from
each horn, which does not provide all the information about
the structure of the endometrium in the parts of the uterus,
but it provides unique data about histological appearance of
superficial endometrium of cow on 7 oestrus day with and
without induced MO and factors, which could affect the his-
tological appearance of superficial endometrium of cow.

CONCLUSIONS

Oestradiol level of serum, animal age, lactation number and
days postpartum did not affect the endometrial histological
structure of healthy dairy cattle at 7™ of oestrous without in-
duced MO. Also, morphological differences in endometrial
gland activity in ipsilateral or contralateral horn to the cor-
pus luteum in these cows was not found. There were consid-
erable differences regarding endometrial gland activity be-
tween multiple ovulated cows, and cows with natural,
unstimulated ovulation, which could affect the possibility of
the transferred embryo survival rate. Endometrial glandular
activity significantly depends on the progesterone level in
cows’ blood.
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PIENA gl,(IRNU LIELLOPU (BOS TAURUS) ENDOMETRIJA MORFOLOGISKAIS RAKSTUROJUMS UN TO IETEKMEJOSIE
FAKTORI EMBRIJU TRANSFERENCES DIENA

Embriju parnesana notiek govs estrus cikla 7. diena. Embriju izdzivoSanas sp&ja un veiksmiga grisnieciba ir atkariga no daudziem
faktoriem, tostarp agrinas mijiedarbibas starp embriju un dzemdes endometriju. Tapéc misu pétijuma mérkis bija aprakstit endometrija
histologiskas parmainas embriju donoru govim un govim recipientiem embriju parneSanas diena (estrus cikla 7. diena) atkariba no
progesterona un estradiola limena, ipsilaterala un kontralaterala dzeltena kermena, dzivnieka vecuma, laktacijas skaita un pecdzemdibu
dienas. Peétijuma rezultati paradija, ka embriju donoru govim un govim recipientiem ir butiskas atskiribas endometrija dziedzeru §tnu
izmeéra, dziedzeru epitélija citoplazmas vakuolize€Sana un stromas tiiska, kas ir atkarigas tikai no progesterona limena, bet ne no pargjiem
petijumiem faktoriem.
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