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and gene expression profiles in ovine uterus
tissue during oestrus cycle synchronized using
medroxyprogesterone acetate plus eCG and
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Abstract

The combination of medroxyprogesterone acetate (MPA) and gonadotropin chorionic (eCG) has been
widely used to synchronize oestrus cycle in sheep, but their effects on the gene expression in uterine
tissue are yet to be elucidated. To evaluate the effect of MPA + eCG or prostaglandin analogue (PA)
treatments on the rate of oestrus cycle synchronization, as well as further hormone production and gene
expression profiles in uterine tissue, 14 Santa Inés ewes were randomly selected. The MPA + eCG group
(n=7) received intravaginal insertion of MPA-impregnated sponges for 14 days and was administered 350
IU eCG on the day of sponge withdrawal. The PA group (n=7) was administered two doses of 100 pg of PA
separated by 12 days. The ewes were assessed for the rate of oestrus cycle synchronization and the serum
concentrations of progesterone (P4) and estradiol (E2). Additionally, the expression of estrogen receptor
(ERa), progesterone receptor (P4R), and immunolocalization of interferon receptor (IFNAR1) in the uterine
tissue samples collected 15" day post-mating were examined. The rate of oestrus cycle synchronization
was 100% (n=7/7) and 57.14% (n=4/7) in the MPA + eCG and PA groups, respectively. Moreover, the MPA +
eCG group exhibited higher serum concentration of P4 than the PA group (p <0.05). However, the E2 serum
concentration did not differ between the two groups (p > 0.05). The relative expression of P4R and ERx
MRNA analyzed using real-time PCR and immunodetection of IFNAR1 were similar between the two groups
tested (p > 0.05). Conclusively, MPA + eCG treatment improved the rate of oestrus cycle synchronization
and endogenous P4 production; however, it did not affect the expression of sex steroid receptors and
IFNART1 in uterine ovine tissue.

Key words: Oestrus cycle. Progesterone receptor. Estrogen receptor-a. IFNAR1. Sheep.

Resumo

A combinacdo de acetato de medroxiprogesterona (MPA) com gonadotrofina coridnica (eCG) é
amplamente utilizada para sincronizar o estro de ovelhas, mas seus possiveis efeitos sobre a expressao
génica em tecido uterino ndao foram elucidados. Para avaliar o efeito dos protocolos MPA + eCG ou analogo
de prostaglandina (PA) sobre a taxa de sincronizagédo do estro, bem como na futura produgao hormonal
e expressao génica em tecido uterino, 14 ovelhas Santa Inés foram selecionadas. O grupo MPA + eCG
(n=7) recebeu a inser¢cao de esponjas impregnadas de MPA por via intravaginal por 14 dias e 350 Ul de
eCG no dia da retirada da esponja. O grupo PA recebeu duas doses de 100 ug de PA administradas com
12 dias de intervalo. As ovelhas foram avaliadas quanto a taxa de sincronizagao do estro, concentracéo
sérica de progesterona (P4) e estradiol (E2). Além disso, foram examinadas a expressao do receptor de
estradiol (ERa), receptor de progesterona (P4R) e localizagao do receptor de interferon (IFNAR1), a partir
de amostras de tecido uterino coletadas 15 dias apds o acasalamento. A taxa de sincronizacao do estro foi
100% (n=7/7) e 57,14% (n = 4/7) nos grupos MPA + eCG e PA, respectivamente. Além disso, o grupo MPA +
eCG apresentou maior concentracao sérica de P4 em comparagao com o grupo PA (P <0,05). No entanto,
a concentracao sérica de E2 nao diferiu entre os grupos testados (P > 0,05). A expresséo relativa de RNAm
para P4R e ERa analisado por PCR em tempo real e imunodeteccao de IFNAR1 foi semelhante entre os
grupos testados (P > 0,05). Em concluséo, o tratamento com MPA + eCG melhora a taxa de sincronizagao
do estro e a producdo de progesterona enddgena; contudo, ndo afeta a regulagcdo da expressao de
receptores de esteroides sexuais e IFNAR1 no tecido uterino de ovinos.

Palavras-chave: Ciclo estral. Receptor de progesterona. Receptor-a de estradiol. IFNAR1. Ovino.
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Introduction

Artificial insemination can  be
performedin ewes using natural oestrus cycle.
However,the use of spontaneous oestruscycle
is impractical in the assisted reproduction
techniques in sheep herds (Letelier et al.,
2011). Therefore, great efforts have been
put together to test different hormonal
treatments for oestrus synchronization with
varying dosage of hormones and duration
of treatment (Abecia, Forcada, & Gonzalez-
Bulnes, 2012). Currently, most of the oestrus
cycle synchronization protocols are mainly
based on the administration of prostaglandin
analogues or progestagens, thereby aiming
to increase reproductive efficiency (Rosasco,
Beard, Hallford, & Summers, 2019). The
administration of prostaglandin analogues
is an alternative method for controlling
reproduction through eliminating the corpus
luteum and inducing a subsequent follicular
phase with ovulation (Abecia et al., 2012).
These protocols also receives notable
attention during the breeding season, as
they provide good results, are cost-effective,
and highly practical (Rosasco eta al, 2019).
However, this treatment requires a functional
corpus luteum, and thus, they are ineffective
during the non-breeding seasons (Gonzalez-
Bulnes, Menchaca, Martin, & Martinez-Ros,
2020).

Conversely, almost all protocols
used for the induction and synchronization
of oestrus cycle and ovulation involve the
insertion of intravaginal devices containing
either progesterone controlled drug release
(CIDR) inserts or progestagens (sponges
impregnated with fluorogestone acetate
(FGA) or medroxyprogesterone acetate (MPA))
in sheep (Abecia et al., 2012). Additionally,
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equine chorionic gonadotropin (eCG) has
been widely used in hormonal treatments to
induce final follicular growth and ovulation
(Cosentino et al., 2019). The administration
of eCG at the time of progesterone device
withdrawal has been shown to improve the
rate of fertility (Martinez-Ros, Rios-Abellan, &
Gonzalez-Bulnes, 2019; Nakafeero, Hassen,
& Lehloenya, 2020) and conception in ewes
(Garoussi, Mavadati, Bahonar, & Ragh, 2020).

Although FGA, CIDR, and MPA
devices are efficient in synchronizing oestrus
cycle in ewes, differences in the rates of
pregnancy, fertility, twinning and fecundity
have been recorded (Swelum, Alowaimer, &
Abouheif, 2015). Additionally, a recent study
demonstrated the effect of progestagens
on the expression profile of genes related
to oocyte quality in sheep (Braganca et al.,
2021). The authors suggested that this effect
probably occurred due to the variations in the
chemical structure of these progestogens,
thereby resulting in different activities and
inducing distinct transcriptome profiles. The
results of this study lead to the question of
whether the protocols commonly used for
oestrus cycle synchronization in sheep can
induce significant changes in the uterine
environment, especially during the period of
maternal recognition in pregnancy. In sheep,
this occurs between the 12th and 15th
day after mating when the embryo starts
synthesizing interferon tau (INFT) (Bazer,
Spencer, & Ott, 1997), a cytokine that acts on
the uterine endometrium through interferon
receptor subunits, IFNAR1 and IFNAR2 (Brooks
& Spencer, 2015), thereby signaling the
presence of the embryo to the maternal body
(Bazer, 2013). Additionally, previous research
indicated that ERa and P4R can be used as
the potential markers for uterine receptivity
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in ruminants (Takahashi, Haneda, Kayano, &
Matsui, 2016; Gao et al., 2019). Therefore, in
this study, we aimed to investigate the impact
of MPA + eCG and prostaglandin analogue
treatments on the rate of oestrus cycle
synchronization, as well as further hormonal
production and gene expression profilesin the
uterine tissue of Santa Inés ewes.

Material and Methods

Animals

All procedures performed in this
study were conducted in accordance with
the guidelines of the Animal Experimentation
Ethics Committee of the Federal University
of Piaui (protocol number 290/17). All
experiments were conducted in accordance
with the guidelines for the ethical use of
animals in research.

This study was conducted from March
to April2018 atthe Professora CinobelinaElvas
Campus, located in Bom Jesus, Pl, Brazil (09°
°S, 44° °W). Fourteen multiparous Santa Inés
ewes aged 2-4 years, with a mean body weight
of 45.9 + 7.4 kg, and body condition score of
2.5 + 0.4 (0 = extremely thin, 5 = obese) were
selected from a herd of 40 female ewes. All
animals were maintained under similar feeding
and management conditions. The ewes were
maintained in the paddock system and kept in
a grazed pasture of Panicum maximum during
the day for 8 h. During the night, the ewes were
housed in pens, where phosphate mineral
licks and water were provided ad libitum.
The cyclic ovaries were monitored through
ultrasonographic examinations that permitted
the exclusion of all pregnant and sick animals.

3324

Experimental design and oestrus cycle
synchronization

Fourteen ewes were randomly
selected and distributed into two groups
(MPA + eCG, n=7 and PA, n=7). The MPA +
eCG group received intravaginal insertion
of MPA-impregnated sponges for 14 days
(PROGESPON, Syntex S.A., Buenos Aires,
Argentina) and was administered 350 IU eCG
i.m. (NOVORMON 5000 IU, Zoetis, Sdo Paulo,
Brazil) on the day of sponge withdrawal. The
PA group was administered two doses of 100
Mg of prostaglandin analogue i.m. (LUTALYSE,
Zoetis, Sao Paulo, Brazil) separated by 12 days.

Oestrus cycle detection and fertilization

Oestrus cycle was monitored during
the same period in both the experimental
groups. For this, three adult Santa Ines rams
were exposed to the females for at least 30
min every 4 h, from 12 to 42 h after the second
prostaglandin injection or sponge withdrawal.
Each ewe was considered to be in oestrus
cycle when the ram tried to mate with it, and
it remained immobile. After confirmation, the
females were subjected to natural mating at
the onset and 24 h later using two Santa Inés
rams with proven fertility based on andrologic
examinations, and the effect of the ram on
fertility was thus avoided. Rate of oestrus
cycle synchronization (%) was calculated as
follows: number of ewes in estrus divided by
number of ewes on which oestrous synchrony
was imposed x100.
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P4 and E2 assay

The serum concentrations of P4 and E2
at 15™ day after mating were measured using
the enzyme-linked immunosorbent assay
(ELISA).Bloodserumsamplesobtainedthrough
jugular venipuncture were analyzed using a
commercial kit (Progesterone ELISA Kit, No.
402310, Neogen Corporation, Kentucky, USA)
according to the manufacturer’s instructions.
The sensitivity for progesterone and estradiol
were 0.35 and 0.03 ng/mL, respectively. The
inter- and intra-assay variation coefficients
were < 10% for both the tested hormones
tested.

Uterine sample collection

Uterine biopsies were collected
surgically on the 15" day after mating. All
females were deprived of food and water for
24 h before the surgical procedure. In pre-
anesthetic medication, flunixin meglumine
(1.1 mg/kg) was administered. Induction and
maintenance were performed using isoflurane
(100%) in addition to local anesthetic block
of lidocaine in the surgical field (9 mg/kg, i.m.)
and electrolyte balance replacement with
Ringer’s lactate solution (10 mi/kg/hour). The
surgical technique involved celiotomy with
a retroumbilical incision. The reproductive
tract was exposed after the opening of the
abdominal cavity. A fragment of approximately
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1 cm? was extracted from each ewe from the
caudal third of the uterine horn ipsilateral to
the ovary with a corpus luteum. Each sample
was sectioned into two parts: one was
immediately fixed in 4% paraformaldehyde
for immunohistochemical analysis, and the
other was stored in liquid nitrogen until further
experiments.

Expression of P4R and ERo in uterine tissue

To evaluate the expression levels of
progesterone receptor (P4R) and estrogen
receptor (ERa) genes, total RNA of uterine
fragments was extracted using the Trizol®
reagent method (Invitrogen, Carlsbad,
CA, USA) according to the manufacturer's
recommendations and further purified with a
PureLink™ RNA MiniKit (Anbion®, Carlsbad, CA,
USA). After extraction, the RNA concentration
was determined using the NanoDrop System
(Thermo Scientific NanoDrop Products),
which was performed using 2 pL of material.
Before cDNA synthesis, all samples were
standardized with the same amount of RNA to
minimize gPCR variability. cDNA synthesis was
performed using the SuperScript lll RT-PCR kit
(Invitrogen, Carlsbad, CA, USA) according to
the manufacturer’s instruction using random
primers (Invitrogen, Carlsbad, CA, USA) from 1
ng of total RNA. Primers were designed using
Primer 3 software to amplify P4R and ERx
genes (Table 1). All primer sets were designed
to anneal at 60 °C.
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Table 1

Oligonucleotide primers used for PCR analysis of ovine uterine tissue

Target gene

Primer sequence (5" — 3)
TGTTTGTGATGGGCGTGAACCA

ARl ATGGCGTGGACAGTGGTCATAA
PAR TGTCGCCTTAGAAAGTGCTG
GCTGGAGGTATCAGGTTTGC
ERa CAAAGAAGGTGCCAGGATT
TACGGAACCGAGACGATGT

The reactions were performed in

quadruplets using a without cDNA control to
avoid possible contamination. The evaluations
were performed using the 1Q5 Real-Time PCR
Detection System (Bio-Rad, Hercules, CA,
USA) through relative quantification. PCR
products were detected through monitoring
the increase in fluorescence emitted by the
Power SYBR® Green PCR Master Mix (Applied
Biosystems, Carlsbad, CA, USA). For all
amplifications, a dissociation curve (melting
curve) was used to verify the unspecific
amplifications arising due to contamination.
The gPCR thermal cycle was as follows: initial
denaturation and polymerase activation for 15
min at 94°C, followed by 40 cycles of 15 s at
94°C, 30 s at 60°C, and 45 s at 72°C. The final
extension was performed at 72°C for 10 min.
The delta-delta-CT method was applied to
transform CT values into normalized relative
mMRNA levels (Livak & Schmittgen, 2001).

Immunohistochemistry

The uterine tissue fragments collected
after the surgical procedure were fixed in 4%
paraformaldehyde for 12 h. Subsequently,
they were subjected to standard histological
processing through inclusion in paraffin
(HISTOPARE®, Erviegas, Sao Paulo, Brazil). The
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tissue blocks were cut using a microtome
(LeicaRM2125 RT, Leica Biosystems Nussloch
GmbH, Heidelberger, Germany) that was
adjusted to 4.0 uym. The obtained sections
were placed on silanized slides, deparaffinized
in xylol (2 times/10 min each), rehydrated in
a series of ethanol solutions with decreasing
concentrations using the following sequence:
100%, 90%, and 70% for 5 min each.

The immunohistochemistry reaction
was performed using the peroxidase-labeled
antibody method and a polyclonal antibody
against IFNAR1 (Phospho-IFNAR1-S535/
S539, Abnova Corporation, Taiwan, China)
detected by 3'-diaminobenzidine (DAB). The
slides were dewaxed in xylene and rehydrated
in graded ethanol solutions: 100%, 95% and
85%. For antigenic recovery, the slides were
incubated in citrate buffer (pH 6.0) ina pressure
cooker (Pascal®; Dako, Carpinteria, CA, USA).
Subsequently, the slides were placed on an
automatic immunohistochemistry platform
(Autostainer Dako Cytomation, Carpinteria, CA,
USA). The anti-IFNAR1 antibody was diluted
at a ratio of 1:200. Immunohistochemical
staining was performed using a polymer
system (Histofine, code 414154F, Nichirei
Biosciences, Tokyo, Japan). Subsequently,
the sections were counterstained with Harris
hematoxylin. A negative control was obtained
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through removing the primary antibody.

The intensity of immunostaining in the
uterine endometrium samples was assessed
using the optical microscopy as described by
Anjos et al. (2019). Briefly, the immunoreaction
score (0-4) was calculated as the percentage
of positive cells: score 0 (absence of staining),
1 (1-25% positive cells), 2 (26-50% positive
cells), 3 (51-75% positive cells), and 4 (>75%
positive cells).

Statistical analysis

Data analyses were performed using
the Statistical Analysis System for Windows
SAS® software (University Edition version).
The rate of oestrus cycle synchronization
was presented descriptively. Endogenous P4
and E2 concentrations were analyzed using
ANOVA and the linear regression model (PROC
GLM). The mRNA expression levels of P4R and
ERo were analyzed using the Student's t-test.
Dataare presented as mean + SEM, and results
were considered significant at p<0.05.
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Results and Discussion

The effects of hormonal treatments
on the rate of oestrus cycle synchronization
are presented in Figure 1. The rates of oestrus
cycle synchronization were 100% (n=7/7) and
57.14%(n=4/7)inthe MPA+eCGandPAgroups,
respectively. These results indicate that MPA
treatment was effective for oestrus cycle
synchronization in sheep and its efficiency
could be attributed to the efficient delivery of
progesterone during the treatment (Abecia
et al, 2012). Additionally, the administration
of eCG at the time of sponge withdrawal has
been a valuable strategy for increasing the
conceptionrates comparedtousingMPAalone
(Garoussi et al., 2020). A similar response has
been observed in previous studies (Nakafeero
et al., 2020; Garoussi et al, 2020), wherein
long-term treatment of P4 in combination
with eCG has been implemented. Therefore,
the administration of eCG is essential for the
induction of ovulation and for precise oestrus
cycle synchronization in sheep (Martinez-Ros
& Gonzalez-Bulnes, 2019).

MPA +eCG PA
Figure 1. Rate of oestrus cycle synchronization in Santa Inés ewes using MPA + eCG or PA.

Semina: Ciénc. Agrar. Londrina, v. 42, n. 6, p. 3321-3336, nov./dez. 2021

3327



I Ciéncias Agrarias
SEMINA —

Lima, J. S. etal.

The  successful oestrus cycle
synchronization protocol must be able to
induce ovulation of a healthy follicle, which
would result in the formation of functional
corpus luteum that will in turn produce high
concentration of P4 (Tortorella et al., 2013).
Under normal conditions, if no fertilization
occurs during an oestrus cycle, the corpus
luteum regresses at ~12-15 days after
previous oestrus cycle in ewes (Bartlewski,
Baby, & Giffin, 2011). In the present study, the
endogenous circulating concentrations of P4
on the 15th day after mating were significantly
higher in the MPA + eCG (p<0.05) group thaniin
the PA group (Figure 2). These results indicate
that a treatment based on 14 days of exposure
to MPA with the administration of eCG at
the time of sponge withdrawal constitutes
an interesting alternative to increase the
endogenous progesterone concentrations
after ovulation in ewes. Possible explanations
for this effect could be related to higher quality
or accessory CL formation. This hypothesis is
supported by the findings of Tortorella et al.
(2013), who reported increased luteal volume,
serum P4 concentrations, and pregnancy rates
after eCG treatment in cattle. According to
Rostami, Hajizadeh, Shahir and Aliyari (2017),
high level of progesterone is desirable, since
the presence of large amount of this hormone
has been related to improved embryonic
survival and reduced early pregnancy losses
in ruminants.

In the present study, we observed low
E2 production (~ 1 ng/ml) on 15th day after
mating in both groups (p>0.05, Figure 2).
Similar results were observed by Arsoy and
Sagmanlhgil (2018), who worked with white
Karaman ewes, and reported a decrease in the
serum concentrations of E2 to its minimum
level at 15th day of the cycle (0.35 + 0.15 ng/
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mL). Additionally, another study verified that
during the luteal phase, E2 concentrations
were variable and there was a sharp decrease
(p<0.05) from day 16 to 17 (Bartlewski et al.,
1999). These results are interesting because
the interactions between estradiol and uterine
receptivity are not clearly understood in ewes.
Moreover, our results are consistent with
those previously reported in mice (Ma, Song,
Das, Paria, & Dey, 2003), where the authors
verified that the duration of the window of
uterine receptivity is drastically curtailed in
the presence of higher levels of estradiol. In
heifers, a correlation between E2 production
by ovarian follicles and the timing of luteolysis
has been demonstrated (Araujo et al., 2009).
However, the role of endogenous E2 from
follicles as a stimulator of luteolysis in ewes
requires further investigation.

Progesterone and estrogen are
important hormones in the regulation of
reproductive processes in mammals (Okumu
et al, 2010). Therefore, the knowledge of
ERo and P4R gene expression is critical to
understand the mechanisms that control
successful  embryo  implantation and
maintenance of pregnancy in ruminants.
It is well established that the effects of P4
and E2 on the endometrium are mediated
primarily through the binding to their nuclear
receptors, P4R and ERq, respectively, which
are located within the target cells in the
uterus (Takahashi et al, 2016; Robertshaw,
Blan, & Das, 2016). In this study, real-time PCR
showed that ERa and P4R mRNA levels were
similar between the two groups tested (Figure
3). These results suggest that the molecular
programming of the uterus with respect to the
specific expression of P4R and ERa was not
altered by hormonal protocols used for estrus
synchronization. These results are similar to
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Figure 2. Serum progesterone and estradiol levels at 15" day after fertilization in Santa Inés
ewes synchronized with MPA + eCG or PA. Mean values with distinct superscripts are considered

statistically different (p<0.05).

those reported by Ruiz-Gonzalez et al. (2011,
2012), who tested fluorogestone acetate (FGA)
alone and prostaglandin analogs for oestrus
cycle synchronization in the Manchega
sheep breed. Conversely, another study
verified that oestrus cycle synchronization
using progestagens showed a decrease in
ERa and P4R protein immunoexpression in
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most of the oviductal and uterine cells when
compared to prostaglandin analog treatment
in sheep (Garcia-Palencia et al., 2007). These
contradictory results may be mainly due to
differences between the hormonal treatments
used for oestrus cycle synchronization,
moment of evaluation of sex steroid receptor
expression, and ovine breed.
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MPA +eCG PA
Figure 3. Relative expression of P4R and ERax mRNA at 15" day after fertilization in Santa Inés

ewes synchronized with MPA + eCG or PA.

Regarding the detection of IFNART in
uterine tissue using immunohistochemistry,
strong staining with a score varying from
3 (51-75% of positive cells) to 4 (>75% of
positive cells) was found in both groups
(Figure 4). These results demonstrate that
both treatments seem to promote uterine
receptivity for embryo implantation in the
presence of IFNAR1 immunoexpression. After

3330

this qualitative analysis, we hypothesized
that IFNAR1 expression is not directly
influenced by endogenous steroid hormone
concentrations, but is indeed regulated by
possible conceptus presence. In sheep,
between the 12" and 15" day after mating, the
embryo synthesizes interferon tau (INFT), a
cytokine that acts on the uterine endometrium
through interferon receptor subunits, IFNAR1
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and IFNAR2 (Rosenfeld, Han, Alexenko,
Spencer, & Roberts, 2002), thereby signaling
the presence of the embryo to the maternal
body (Brooks & Spencer, 2015). Indeed, some
studies have suggested that IFNT abrogates
the development of the luteolytic mechanism
through silencing the expression of OTR to

prevent pulsatile release of luteolytic PGF2a
by the uterine epithelium (Bazer, 2013).
Nonetheless, there is a gap in the literature
regarding the impact of exogenous hormonal
treatments at the molecular level on the
environment of the uterus in small ruminants.

Figure 4. Immunohistochemical localization of IFNAR1 at 15" day after fertilization in ovine uterus
synchronized with MPA + eCG or PA. Ovine uterus synchronized with A) MPA + eCG and B) PA.
Black arrows indicate the presence of endometrial glands.
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Conclusion

The results obtained in this study
suggest that MPA + eCG treatment improved
the rate of oestrus cycle synchronizationalong
with endogenous P4 production; however,
it did not affect the expression of ERa, P4R,
and IFNAR1 in uterine ovine tissue. Therefore,
the use of hormonal treatments that promote
the induction of endogenous P4 seems to
be an interesting strategy for enhancing the
reproductive efficiency of Santa Inés ewes.
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