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Abstract

Prostaglandin F2a (PGF2a) determines luteolysis in cattle, and the ability to manipulate its endogenous synthesis is
indispensible for large-scale animal breeding. Estradiol (E,) and progesterone (P,) modulate several molecular pathways
in endometrial cells, including the synthesis of PGF2a; however, its specific mechanisms are still not totally known.
This study investigated the production in vitro and possible modulation of endometrial PGF2a due to a local effect of
endogenous E, in the ipsilateral uterine horn (UH) containing the dominant follicle (DF) or from P, in ipsilateral horn
containing the corpus luteum (CL). The PGF2a stimulators oxytocin (OT) and phorbol 12,13-dibutyrate (PDBu) were
incubated with endometrial explants, and PGF2a content was measured. For that, cycling cows were synchronized, the
development of DF and CL was examined by ultrasonography and on the seventh day of the estrous cycle, endometrial
explants were collected and cultured in medium supplemented with 10°M PDBu or 10°M OT or non-supplemented.
Media samples were collected immediately after treatment and 60 min later. Radioimmunoassay showed that
the PGF2a content of the UH ipsilateral to the DF was 49% less than that of the contralateral UH (8.22 + 0.95 vs.
12.24 + 0.95 pg/mL/mg tissue, respectively; P < 0.01). However, the PGF2a levels did not differ between the UHs as
a function of the CL position (9.46 + 0.95 vs. 11 + 0.95 pg/mL/mg; P > 0.05). The cellular stimulators promoted an
increase in PGF2a synthesis (P < 0.02), and the effects differed among the animals (P < 0.04). The PGF2a production was
higher in the explants treated with PDBu rather than OT (13.68 + 1.16 vs. 10.01 + 1.16 pg/mL/mg tissue, respectively;
P < 0.05). In conclusion, PGF2a synthesis is modulated by the presence of the DF (local E,) but not the CL (local P ),
and both PDBu and OT stimulated PGF2a synthesis.
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Resumo

A prostaglandina F2a (PGF2a) determina a lutedlise em bovinos. A capacidade de manipular sua sintese endogena é
indispensavel para a produ¢do animal em grande escala. O estradiol (E,) e a progesterona (P,) modulam diversas vias
moleculares das células endometriais, incluindo a sintese de PGF2a; no entanto, pouco se sabe sobre seus mecanismos
especificos. Este trabalho investigou a produgéo in vitro e a possivel modulagdo da PGF2a endometrial devido a um
efeito local do E, endégeno no corno uterino ipsilateral ao foliculo dominante (FD) ou da P, no corno ipsilateral ao
corpo lateo (CL). Os estimuladores de PGF2a oxitocina (OT) e 12,23-dibutirato de forbol (PDBu) foram incubados
com explantes endometriais, e o conteido de PGF2a foi mensurado. Para tal, vacas ciclicas foram sincronizadas, o
desenvolvimento de FD e CL foi examinado por ultrassonografia, e no 17° dia do ciclo estral os explantes endometriais
foram coletados e cultivados em meio ou suplementados com PDBu 10°M ou 10°M OT. As amostras de meio foram
coletadas imediatamente ap6s o tratamento e sessenta minutos depois. O radioimunoensaio mostrou que o contetudo
de PGF2a do corno ipsilateral ao FD foi 49% menor que o do corno contralateral (8,22 + 0,95 vs. 12,24 + 0,95 pg/mL/mg
de tecido, respectivamente, P < 0,01). No entanto, os niveis de PGF2a nio diferiram entre os cornos em fungdo
da posi¢do do CL (9,46 £ 0,95 versus 11 + 0,95 pg/mL/mg; P > 0,05). Os estimuladores celulares promoveram um
aumento na sintese de PGF2a (P < 0,02), e os efeitos diferiram entre os animais (P < 0,04). A produ¢ao de PGF2a foi
maior nos explantes tratados com PDBu em comparagao a OT (13,68 + 1,16 versus 10,01 + 1,16 pg/mL/mg de tecido,
respectivamente, P < 0,05). A conclusio obtida foi que a sintese de PGF2a é: modulada pela presenga do FD (E, local),
mas ndo do CL (P, local); e estimulada por PDBu e OT.

Palavras-chave: Bovino. Lutedlise. Sintese de PGF2a. Fisiologia reprodutiva.
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Introduction

In cattle, the reproductive cycle is determined by a
well-coordinated set of physiological events. Luteolysis,
one of these events, is characterized by the functional
and morphological regression of the corpus luteum (CL)
resulting in the decline in the plasma concentrations of
progesterone (P,), favoring the growth of the dominant
follicle (D,) and an increase in the serum concentrations of
estradiol (E,); hence, initiating an acute release of luteinizing
hormone (LH) and ovulation. Prostaglandin F2a (PGF2a)
is known to be the main luteolytic factor in cows, and it
has been reported that its action on the CL is probably
mediated by other factors such as immune and endothelial
cells and pericytes. In this species, the occurrence of five to
eight pulsatile releases of PGF2a within an interval of two
to three days determines luteolysis between days fifteen and
nineteen of the estrous cycle (MCCRACKEN et al., 1999;
MEIDAN et al., 1999; SKARZYNSKI; OKUDA, 2010).

The endometrial synthesis of PGF2a results from a
complex cascade of highly coordinated events involving
endocrine factors such as estradiol (E,), oxytocin (OT) and
luteinizing hormone (LH). Molecularly, the arachidonic
acid (AA) stored in the phospholipid membranes is the
main primary precursor of prostaglandins (DIAZ et al.,
2002). In the classic model, oxytocin (OT), acting through
its receptor on the endometrial cell membrane, activates a
guanosine nucleotide-binding protein (G protein), which
promotes the activation of phospholipase C (PLC) that
cleaves phosphatidylinositol triphosphate into inositol
triphosphate (IP3) and diacylglycerol (DAG). IP3 binds
to receptors on the endoplasmic reticulum, promoting an
increase in the cytoplasmic calcium concentration. DAG
activates protein kinase C (PKC), a serine/threonine kinase
that is dependent on calcium for activation. Activated PKC
phosphorylates phospholipase A, (PLA2). The IP3-induced
increase in cytosolic calcium stimulates the calcium-
dependent PLA, activity, and PLA, preferentially cleaves
the sn-2 position of phosphatidylcholine, releasing AA. The

free AA is then converted into PGG, by the cyclooxygenase
(COX, prostaglandin G/H synthase) enzyme. PGG, is
converted into PGH, by a peroxidase and, finally, converted
into PGF2a by PGF synthase (WLODAWER et al., 1976;
CLARK et al, 1991; BURNS et al, 1997; GIJON;
LESLIE, 1999).

Another PGF2a stimulator is the phorbol ester PDBu
(phorbol 12, 13 dibutyrate [PDBu]). Phorbol esters
stimulate PKC activity, activates COX-2 gene expression
and PGF2a secretion via the mitogen-activated protein
kinase (MAPK) pathway (THATCHER et al., 2001). The
abilities of PDBu and OT to stimulate PGF2a synthesis in
bovine endometrial tissue endometrial have been reported
by Danet-Desnoyers et al. (1994); Mann (2001); Guzeloglu
et al. (2004) and Rodriguez-Sallaberry et al. (2006).

The role of endogenous estradiol in this context is not fully
understood. It was reported that E, is important for PGF2a
synthesis during bovine luteolysis and, therefore, for female
reproductive physiology (KARSCH et al., 1970; IRELAND et
al.,, 1984; VILLA-GODOY etal., 1985; HUGHES et al., 1987;
ZHANG et al., 1991; SALFEN et al., 1999), and it is also
known that it exerts several other physiological roles in
the organism (BERKANE et al., 2017; COOKE et al., 2017;
ZENDEDEL et al, 2017). In cattle, E, administration
between days 13 and 18 of the estrous cycle stimulates the
production of 13,14-dihydro-15-keto-prostaglandin F2a
(PGFM), the main PGF2a metabolite (LEMON, 1975;
BARTOL et al., 1981; KNICKERBOCKER et al., 1986;
THATCHERetal., 1986; LARSON etal., 1991). Bertan (2004)
and collaborators compared the PGF2a synthesis capacity
after E, administration on days 15, 17 and 19 of the estrous
cycle and observed that the magnitude of the E, response
progressively increased during this period.

It is assumed that the triggering of PGF2a synthesis by
E, is dependent on a previous and current priming of the
endometrium by several factors throughout the estrous
cycle. With respect to the roles of E, on PGF2a synthesis,
several studies have reported that E, induces an increase
in the numbers of endometrial OT receptors; hence,
increasing the capacity of the endometrium to respond to
OT (BEARD; LAMMING, 1994; SPENCER et al., 1995;
BERIO et al., 2017).

Progesterone is produced in large amounts by the CL,
and endometrial priming by P, is important for PGF2a
production (VALLET et al., 1990; ZHANG et al., 1991;
PINEDA; DOOLEY, 2003). It was reported that in the

absence of previous priming by progesterone, PGF2a
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synthesis is inhibited (SILVIA; RAW, 1993; LAMMING;
MANN, 1995; RAW et al., 1995). Bogacki et al. (2002)
observed that P, has an inhibitory effect on the production
and/or activation of OT receptors and on the binding of
OT to its receptor.

Although roles for E, and P, in PGF2a synthesis
have been illustrated, the mechanism of action of these
hormones on luteolysis is still unclear. It is known that E,
and P, are present in the systemic circulation and that their
concentrations vary throughout the estrus cycle, consistent
with their modulation of cellular mechanisms. However, it
is also possible that local modulation of PGF2a synthesis
by E, and P, may occur, where the uterine horn ipsilateral
to the DF would be influenced by locally produced E, and
the uterine horn ipsilateral to CL would be influenced by
the local P4 concentration.

The present work investigated whether endometrial
explants primed with endogenous E, or P, can produce
PGF2a in vitro when stimulated with OT or PDBu, and
whether the response would be affected by the dominant
follicle position (ipsi or contralateral to the endometrial
explants). These results contribute to a better understanding
of bovine reproductive physiology and provide new insights
on bovine endocrine modulation, an essential feature for

an optimized animal breeding program.

Methods

Non-lactating, non-pregnant and cycling crossbred
cows (Bos taurus x Bos indicus, n = 5) were maintained
in grass (Brachiaria decumbens var. marandu) paddocks
supplemented with minerals and water ad libitum.

Cows presenting DF and responsive CL received 150 ug
D-cloprostenol IM (N.C. Preloban® - Intervet) to induce
estrus. Heat behavior was observed every 12 h for the
subsequent five days. DO of the estrus cycle was considered
the day when estrus was observed. On D6, ultrasonographic
examinations (Aloka SSD500, 7.5 MHz linear transductor)
were performed, and females presenting with a DF > 7.5 mm
received 0.15 mg of a synthetic GnRH analog IM (Fertagyl®)
to induce DF ovulation, emergence of a new follicular wave
and occurrence of three-wave cycles. DFs from the second
follicular wave were observed ultrasonographically on days
14, 15 and 16 of the estrus cycle. On the 17" day of the
estrous cycle, the uterine horns were collected from the
cows at the slaughterhouse, placed in ice and immediately
brought to the laboratory (approximately 15 min). The

uterine horns were dissected, endometrial explants from

both horns collected, and fragments of 80 — 100 mg of
intercaruncular tissue incubated in borosilicate tubes
containing 0.5 mL Krebs-Hensleit bicarbonate medium
(KHB; 118 mM NaCl, 4.7 mM KCI, 2.56 mM CaCl2,
1.13 mM MgCl2, 25 mM NaHCO3, 1.15 mM NaH2PO4,
5.55 mM glucose, 20 mM Hepes, 0.013 mM phenol red;
pH 7.4). The fragments were incubated for 1 h at 37°C and
40 rpm, washed twice with 0.5 mL KHB and again incubated
for 1 h and washed. The samples were then incubated in
1 mL with the in vitro treatments: KHB (control), KHB
supplemented with 10¢ M OT (Sigma Chemicals O-6379
reconstituted in acetic acid 5%, final concentration of 0.25 g/
mL) or KHB supplemented with 10° M PDBu (Sigma
Chemicals P-1269; reconstituted in ethanol at 1 mg/mL).
The treatments were conducted in quadruplicate. The
concentrations of both stimulators were based on previous
reports (BURNS et al,, 1997; ARNOLD et al.,, 2000).
Aliquots (250 pL) of the culture medium were removed
immediately after treatment administration (time 0) and
again after 60 min of incubation. The PGF2a concentrations
of these samples were analyzed using a radioimmunoassay
as previously described (DANET-DESNOYERS et al., 1994)
and average PGF2a production between time 0 and 60 was
analyzed (DIF 60).

The PGF2a concentrations at times 0 and 60 were
adjusted to pg/mL/mg of endometrial tissue. The intra-
assay coeflicients of variation for the radioimmunoassay
for reference samples containing low (250 pg/mL), medium
(1,000 pg/mL) and high concentrations (3,500 pg/mL)
were 4.15%, 17.52% and 21.69%, respectively. The inter-
assay coefficients of variation for the low, medium and high
concentration reference samples were 1.98%, 18.16% and

26.77%, respectively.

Statistical analysis

Preliminary analysis demonstrated that data was not
adequate regarding analysis of normality of residues
(Shapiro-Wilk test, P < 0,01) and variance homogeneity
(F test, P < 0,01). The data was converted to square roots
and submitted to variance analysis. The difference between
the PGF2a concentrations at times 0 and 60 (DIF 60) was
the dependent variable, and the independent variables were:
animal, uterine horn (ipsi- or contralateral to DF or CL), in
vitro treatments and interactions. The data were analyzed
by ANOVA (proc GLM) (SAS INSTITUTE, 1988) and are
presented as untransformed LSmeans + SEM. The means of

the treatments were compared by specific contrasts.
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Results

A local effect of the presence of the DF was observed
when endometrial PGF2a content was compared between
the uterine horns independent of the in vitro stimulation
(Figure 1). Overall, the PGF2a concentration in the UH
contralateral to the DF was 49% higher than that of the
ipsilateral UH (12.24 + 0.95 vs. 8.22 + 0.95 pg/mL/mg of
tissue, respectively; P < 0.01). However, the endometrial
PGF2a levels were not different between the UHs as a
function of the position of the CL (Figure 2; 9.46 + 0.95 vs.
11 +0.95 pg/mL/mg of tissue; P > 0.05).

When both uterine horns were considered, higher PGF2a
concentrations were observed when the explants were
treated with PDBu (13.09 + 1.16 pg/mL/mg of tissue) than
when they were treated with OT (10.02 + 1.16 pg/mL/mg
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of tissue) or left untreated (7.59 + 1.16 pg/mL/mg of tissue;
P < 0.05) independent of the DF or CL position (Figures 3
and 4).

Under the conditions of the present investigation,
large variations in PGF2a production among individuals
were observed, resulting in an animal effect (P < 0.05).
An interaction between animal and in vitro treatment was
observed (P < 0.05). Two of the animals did not respond to
either OT or PDBu, whereas three responded to both OT
(minimum of 4.1% and maximum of 60.7%) and PDBu
(minimum of 37.3% and maximum of 111.8%, data not
shown). However, no interaction between animal and
uterine horn was observed. Regardless of the magnitude
of the PGF2a production, a higher concentration in the
UH contralateral to the DF was consistently observed.
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Figure 1 - Effect of DF position (ipsi- or contralateral uterine horns) on average PGF2a
production of endometrial explants, treated or not (KHB), with OT 10°M
or PDBu 10°M o (DIF 60; LSmeans + SEM). a, b: Different letters represent
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Discussion

It has been widely reported that the E, is produced by
the ovarian follicle due to the interaction between the theca
cells and the granulosa cells and, after deviation, the DF
presents higher steroidogenic capacity, resulting in greater
concentrations of E, in the follicular fluid (XU etal., 1995; BEG
etal.,, 2001). The uterine and ovarian vascularization system
of the bovine exhibits a particular anatomical feature, an
entanglement between these vessels that leads to speculation
regarding a possible local role of E, from the DF affecting the
ipsilateral uterine horn. This vein is closely associated with
the ovarian artery, permitting transport of PGF2a from the
uterine vein into the ovarian artery by the classic mechanism
of counterflow (MAPLETOFT; GINTHER, 1975).

Herein it can be speculated that E, synthesized by the
DF was, via this counterflow mechanism, transferred
from uterine vein to the artery, providing E2 in higher
concentrations to the uterine horn ipsilateral to the ovary
bearing the DE. Similarly, P, produced by the CL would
be provided in higher concentrations to the uterine horn
ipsilateral to the CL. It is known that both E, and P, are
involved in PGF2a synthesis and are produced in DF and
CL, respectively. It is therefore plausible to infer a possible
local action of these hormones that would promote
endometrial PGF2a synthesis in the uterine horn ipsilateral
to these structures.

In the present investigation, greater levels of PGF2a

synthesis in the UH contralateral to the DF were observed,
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indicatingalocal modulation of the E, after PGF2a production
stimulation. Although the exact mechanisms of action of
estradiol on PGF2a synthesis are not yet known, a few facts
about estradiol are already well established. It is known that
estradiol action is mediated by intracellular receptors, and
two predominant types of receptors have been characterized:
a and [ estrogen receptors, and the first has been shown as
the most important subtype for the regulation of uterine
physiological processes (KUIPER et al,, 1996; COUSE;
KORACH, 1999; WALTHER et al.,, 1999; MURAMATSU;
INOUE, 2000). Typically, estradiol exerts its functions by
binding to its receptors, which act as transcription factors
(MANGELSDORE et al., 1995) and, therefore, stimulate
gene transcription and the synthesis of new proteins
(MANGELSDOREF et al., 1995; HO; LIAO, 2002).

Indeed, it is known that PGF2a production is
dependent on protein synthesis (BINELLI et al., 2000)
and, therefore, the presence of different concentrations
of E, in each uterine horn, as reported by Ireland et al.
(1994), is probably highly involved with quantitative and
qualitative differences on protein synthesis between horns
and, as a result, in PGF2a production.

Bertan (2004) and collaborators suggested that the
role of E, in triggering PGF2a synthesis is dependent on
previous progressive endometrial priming with several
factors throughout estrous cycle. It was speculated here
that during the period in which the PGF2a synthesis was
higher in the uterine horn contralateral to the DFE, lower
concentrations of the factors responsible for such previous
priming are probably found in the UH ipsilateral to the
DF. Lower synthesis capacity of PGF2a production may be
beneficial to the future pregnant uterine horn. However,
turther studies are needed to unravel the mechanisms
in which the UH bearing the DF present lower levels of
PGF2a when stimulated and focusing on blood flow and
cell-to-cell communication features through extracellular
vesicles might explain such modulation. Indeed,
extracellular vesicles such as exosomes or microvesicles
were already described in body fluid such as seminal
plasma, uterine fluid and even follicular fluid (BURNS
et al.,, 2014; TANNETTA et al., 2014; BRESSAN et al.,
2015). These vesicles contain bioactive molecules such
as RNAs, miRNAs and proteins that are able to mediate
physiological processes. For instance, miRNAs involved in
the regulation of estradiol and progesterone concentrations
were already reported in exosomes present in the follicular
fluid in humans (SANG et al., 2013).

PGF2a acts in the developing CL as a local regulator to
enhance progesterone secretion directly and indirectly by
stimulating angiogenic factors VEGF and FGF2, probably
explaining why the developing CL does not acquire
luteolytic capacity until several days following ovulation
(MIYAMOTO et al., 2010). Therefore, a possible and yet
not completely understood endocrine mechanism of
communication between UHs could explain the similarity
observed in PGF2a synthesis in both UHs regardless of
the CL position herein when D17 of the estrous cycle
was studied. Nevertheless, both UHs showed capacity to
respond to PGF2a production when stimulated in vitro.

Interestingly, greater stimulation of PGF2a synthesis
in explants treated with PDBu and not OT was observed
when compared to control. It has been demonstrated that
oxytocin-stimulated PGF2a secretion is associated with its
binding to receptors, activity of PKC and the gene expression
of enzymes involved in PGF2a synthesis, e.g., PLA2,
COX-2, and PGFS and that the endometrial sensitivity to
oxytocin varies during the estrous cycle, presenting high
responsiveness during the period of luteal regression until
the early luteal stage of the next estrous cycle (SILVIA etal.,
1991; MIRANDO et al., 1993; OKUDA et al., 2002).

These characteristics may explain the results obtained
herein, as well as some previous results that did not observe
astimulatory effect of OT in endometrial explants retrieved
from D17 cows (SKARZYNSKI et al., 1999; BERTAN, 2004).

It has been reported that PGF2a produced by the
endometrial cells is transported through the uterine vein by
the prostaglandin transporter (PGT), a 12-transmembrane
solute carrier organic anion transporter protein, and
activation of ERK1/2 pathways and interactions between
ERK1/2 and PGT protein appear to be PGT-mediated
efflux transport function (LEE et al., 2013).

Thatcher et al. (2001) showed that treatment of
endometrial (BEND) cells with the MEK-1 inhibitor,
PD98059 completely abolished PDBu-induced secretion of
PGFa, showing that the PKC-Rafl/ MEK-I/ERK1/2 pathway
was required for PDBu induction of COX-2 activation and
PGFa, secretion in this model, probably due to activation
of this pathway through PKC-mediated phosphorylation
of Raf-1 and subsequent activation of MEK-1 and ERK1/2
(PRU et al., 2001; THATCHER et al., 2001). In summary,
different specific mechanisms of action of both OT and
PDBu, allied with the temporal variation of endometrium
responsiveness to OT probably lead to different in vitro

results of PGF2a after stimulation in this study.

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 55, n.2, p. 1-11, 133937, 2018



|7

In the present investigation, PGF2a production varied
greatly among the animals. Similar effects were also observed
by Arnold et al. (2000) that used a protocol like the present
one. An interaction between the animal and the treatment
was also observed, where the magnitude of the response to
the stimulators differed among animals. These observations
suggested that the stimulatory action of both cell stimulators
might be linked to the presence or absence of a set of proteins
that comprise the PGF2a-generating cascade. It is possible
that the magnitude of the response of the endometrial cells
may be related to the concentrations of these proteins, thus
generating responses with a wide range of magnitude.

In conclusion, it was demonstrated herein that the

production of PGF2a in both uterine horns is similar

References

ARNOLD, D. R;; BINELLI, M.; VONK, J.; ALEXENKO,
A. P; DROST, M.; WILCOX, C. J.; THATCHER, W. W.
Intracellular regulation of endometrial PGF(2a) and
PGE(2) production in dairy cows during early pregnancy
and following treatment with recombinant interferon-tau.
Domestic Animal Endocrinology, v. 18, n. 2, p. 199-216,
2000. doi: 10.1016/S0739-7240(99)00079-X.

BARTOL, E. F; THATCHER, W. W,; LEWIS, G. S.; BLISS,
E.L.; DROST, M.; BAZER, F. W. Effect of estradiol-17beta
on PGF and total protein content in bovine uterine
flushings and peripheral plasma concentration of 13,
14-dihydro-15-keto-PGF(2alpha). Theriogenology, v. 15,
n. 4, p. 345-358, 1981. doi: 10.1016/0093-691X(81)90002-9.

BEARD, A. P,; LAMMING, G. E. Oestradiol concentration
and the development of the uterine oxytocin receptor and
oxytocin-induced PGF2 alpha release in ewes. Journal of
Reproduction and Fertility, v. 100, n. 2, p. 469-475, 1994.
doi: 10.1530/jrf.0.1000469.

BEG, M. A,; BERGFELT, D. R.; KOT, K.; WILTBANK, M.
C.; GINTHER, O.]. Follicular-fluid factors and granulosa-
cell gene expression associated with follicle deviation in
cattle. Biology of Reproduction, v. 64, n. 2, p. 432-441,
2001. doi: 10.1095/biolreprod64.2.432.

BERIO, E.; DIVARI, S.; STARVAGGI CUCUZZA,
L.; BIOLATTI, B.; CANNIZZO, E. T. 17 B-estradiol

upregulates oxytocin and the oxytocin receptor in

regardless of the location of the CL. However, estradiol
produced by the DF may have a local effect by inhibiting
PGF2a synthesis. Furthermore, exogenous OT and PDBu
were able to stimulate PGF2a synthesis in the endometrial
explants, with PDBu treatment resulting in a greater

stimulation when compared to control.

Acknowledgements

Authors would like to acknowledge Fundagdo de
Amparo a Pesquisa do Estado de Sao Paulo (Fapesp)
grants 99/03383-9 and 03/01584-4. We also thank Prof.
Dr. William Thatcher from the University of Florida for
PGF2a antibodies donation and Prof. Dr. Paulo Fantinato-

Neto for statistical and graphical support.

C2C12 myotubes. Peer], v. 5, p. 3124, 2017. doi: 10.7717/
peerj.3124.

BERKANE, N.; LIERE, P.; OUDINET, ].-P; HERTIG,
A.; LEFEVRE, G.; PLUCHINO, N.; SCHUMACHER,
M.; CHABBERT-BUFFET, N. From pregnancy to
preeclampsia: a key role for estrogens. Endocrine Reviews,
v. 38, n. 2, p. 123-144, 2017. doi: 10.1210/er.2016-1065.

BERTAN, C. M. Mecanismos enddcrinos e moleculares
pelos quais o estradiol estimula a sintese de
prostaglandina f2a no endométrio de fémeas bovinas.
2004. 180 f. Tese (Doutorado em Medicina Veterindria)
— Faculdade de Medicina Veterindria e Zootecnia,
Universidade de Sao Paulo, Sao Paulo, 2004.

BINELLI, M., GUZELOGLU, A,; BADINGA,
L; ARNOLD, D. R, SIROIS, J.; HANSEN, T. R;
THATCHER, W. W. Interferon-tau modulates phorbol
ester-induced production of prostaglandin and expression
of cyclooxygenase-2 and phospholipase-A(2) from bovine
endometrial cells. Biology of Reproduction, v. 63, n. 2,
p- 417-424, 2000. doi: 10.1095/biolreprod63.2.417.

BOGACKI, M.; SILVIA, W. J.; REKAWIECKI, R,
KOTWICA, J. Direct inhibitory effect of progesterone
on oxytocin-induced secretion of prostaglandin
F(2alpha) from bovine endometrial tissue. Biology of
Reproduction, v. 67, n. 1, p. 184-188, 2002. doi: 10.1095/
biolreprod67.1.184.

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 55, n.2, p. 1-11, 133937, 2018



|8

BRESSAN, E. F; FANTINATO-NETO, P.; ANDRADE,
G. M,; SANGALLL J. R; SAMPAIO, R. V,; SILVEIRA,
J. C.; PERECIN, F; MEIRELLES, F. V. Challenges and
perspectives to enhance cattle production via in vitro
techniques: focus on epigenetics and cell-secreted
vesicles. Ciéncia Rural, v. 45, n. 10, p. 1879-1886, 2015.
doi: 10.1590/0103-8478cr20141294.

BURNS, G.; BROOKS, K., WILDUNG, M.,
NAVAKANITWORAKUL, R.; CHRISTENSON, L. K;
SPENCER, T. E. Extracellular vesicles in luminal fluid of
the ovine uterus. PloS One, v. 9, n. 3, p. €90913, 2014. doi:
10.1371/journal.pone.0090913.

BURNS, P. D,; GRAF, G. A; HAYES, S. H.; SILVIA, W.
J. Cellular mechanisms by which oxytocin stimulates
uterine PGF2 alpha synthesis in bovine endometrium:
roles of phospholipases C and A2. Domestic Animal
Endocrinology, v. 14, n. 3, p. 181-191, 1997. doi: 10.1016/
S0739-7240(97)00003-9.

CLARK,]J.D; LIN, L. L; KRIZ,R. W; RAMESHA, C. S;
SULTZMAN, L. A;; LIN, A. Y.,; MILONA, N.; KNOPFE, J. L.
A novel arachidonic acid-selective cytosolic PLA2 contains
a Ca(2+)-dependent translocation domain with homology
to PKC and GAP. Cell, v. 65, n. 6, p. 1043-1051, 1991. doi:
10.1016/0092-8674(91)90556-E.

COOKE, P. S.;; NANJAPPA, M. K,; KO, C.; PRINS, G. S;
HESS, R. A. Estrogens in male physiology. Physiological
Reviews, v. 97, n. 3, p. 995-1043, 2017. doi: 10.1152/
physrev.00018.2016.

COUSE, J. F; KORACH, K. S. Estrogen receptor null
mice: what have we learned and where will they lead
us? Endocrine Reviews, v. 20, n. 3, p. 358-417, 1999. doi:
10.1210/edrv.20.3.0370.

DANET-DESNOYERS, G; WETZELS, C; THATCHER, W.
W. Natural and recombinant bovine interferon tau regulate
basal and oxytocin-induced secretion of prostaglandins
F2 alpha and E2 by epithelial cells and stromal cells in the
endometrium. Reproduction, Fertility and Development,
V. 6,1. 2, p. 193-202, 1994. doi: 10.1071/RD9940193.

DIAZ, F. J.; ANDERSON, L. E; WU, Y. L.; RABOT, A
TSALS. J.; WILTBANK, M. C. Regulation of progesterone

and prostaglandin F2alpha production in the CL.
Molecular and Cellular Endocrinology, v. 191, n. 1,
p- 65-80, 2002. doi: 10.1016/S0303-7207(02)00056-4.

GIJON, M. A.; LESLIE, C. C. Regulation of arachidonic
acid release and cytosolic phospholipase A2 activation.
Journal of Leukocyte Biology, v. 65, n. 3, p. 330-336, 1999.
doi: 10.1002/j1b.65.3.330.

GUZELOGLU, A.; MICHEL, F; THATCHER, W. W.
Differential effects of interferon-t on the prostaglandin
synthetic pathway in bovine endometrial cells treated
with phorbol ester. Journal of Dairy Science, v. 87, n. 7,
p- 2032-2041, 2004. doi: 10.3168/jds.S0022-0302(04)70021-1.

HO, K. J.; LIAO, J. K. Non-nuclear actions of estrogen:
new targets for prevention and treatment of cardiovascular
disease. Molecular Interventions, v. 2, n. 4, p. 219-228,
2002. doi: 10.1124/mi.2.4.219.

HUGHES, T. L.; VILLA-GODOQOY, A.; KESNER, J. S;
FOGWELL, R. L. Destruction of bovine ovarian follicles:
effects on the pulsatile release of luteinizing hormone and
prostaglandin F2 alpha-induced luteal regression. Biology
of Reproduction, v. 36, n. 3, p. 523-529, 1987. doi: 10.1095/
biolreprod36.3.523.

IRELAND, J. J.; FOGWELL, R. L.; OXENDER, W. D,;
AMES, K.; COWLEY, J. L. Production of estradiol by
each ovary during the estrous cycle of cows. Journal of
Animal Science, v. 59, n. 3, p. 764-771, 1984. doi: 10.2527/
jas1984.593764x.

KARSCH, E. J; NOVEROSKE, J. W.; ROCHE, J. F;
NORTON, H. W.; NALBANDOV, A. V. Maintenance of
ovine corpora lutea in the absence of ovarian follicles.
Endocrinology, v. 87, n. 6, p. 1228-1236, 1970. doi: 10.1210/
endo-87-6-1228.

KNICKERBOCKER,J.]J.; THATCHER, W. W.; FOSTER,
D. B.;; WOLFENSON, D.; BARTOL, E. F.; CATON, D.
Uterine prostaglandin and blood flow responses to
estradiol-17 beta in cyclic cattle. Prostaglandins, v. 31,
n. 4, p. 757-776, 1986. doi: 10.1016/0090-6980(86)90179-6.

KUIPER, G. G.; ENMARK, E.; PELTO-HUIKKO, M.;
NILSSON, S.; GUSTAFSSON, J. A. Cloning of a novel

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 55, n.2, p. 1-11, 133937, 2018



|9

receptor expressed in rat prostate and ovary. Proceedings
of the National Academy of Sciences of the United States
of America, v. 93, n. 12, p. 5925-5930, 1996. doi: 10.1073/
pnas.93.12.5925.

LAMMING, G. E.;; MANN, G. E. Control of endometrial
oxytocin receptors and prostaglandin F2 alpha production
in cows by progesterone and oestradiol. Journal of
Reproduction and Fertility, v. 103, n. 1, p. 69-73, 1995.
doi: 10.1530/jrf.0.1030069.

LARSON, G. H; WILLIAMS, W. E; GROSS, T. S;
RUSSEK-COHEN, E.; MANSPEAKER, J. E. Systemic
13,14-dihydro-15-keto-prostaglandin  F2a (PGFM)
response to exogenous estradiol by luteal heifers on Days
14 and 19 of the estrous cycle and on Day 19 of pregnancy.
Animal Reproduction Science, v. 25, n. 1, p. 31-39, 1991.
doi: 10.1016/0378-4320(91)90005-K.

LEE, J; MCCRACKEN, J. A.;; BANU, S. K;; AROSH, J.
A. Intrauterine inhibition of prostaglandin transporter
protein blocks release of luteolytic pgf2alpha pulses
without suppressing endometrial expression of estradiol or
oxytocinreceptorinruminantsl. Biology of Reproduction,
v. 89, 1.2, p. 1-9,2013. doi: 10.1095/biolreprod.112.106427.

LEMON, M. The effect of oestrogens alone or in association
with progestagens on the formation and regression of the
corpus luteum of the cyclic cow. Annales de Biologie
Animale Biochimie Biophysique, v. 15, n. 2, p. 243-253,
1975. doi: 10.1051/rnd:19750211.

MANGELSDORE, D. J; THUMMEL, C.; BEATO,
M.; HERRLICH, P; SCHUTZ, G.; UMESONO, K
BLUMBERG, B.; KASTNER, P, MARK, M.; CHAMBON,
P; EVANS, R. M. The nuclear receptor superfamily: the
second decade. Cell, v. 83, n. 6, p. 835-839, 1995. doi:
10.1016/0092-8674(95)90199-X.

MANN, G. E. Hormone control of prostaglandin F(2
alpha) production and oxytocin receptor concentrations
in bovine endometrium in explant culture. Domestic
Animal Endocrinology, v. 20, n. 3, p. 217-226, 2001. doi:
10.1016/S0739-7240(01)00091-1.

MAPLETOFT, R. J.; GINTHER, O. J. Adequacy of main

uterine vein and the ovarian artery in the local venoarterial

pathway for uterine-induced luteolysis in ewes. American
Journal of Veterinary Research, v. 36, n. 7, p. 957-963, 1975.

MCCRACKEN, J. A,; CUSTER, E. E; LAMSA, J.
C. Luteolysis:
Physiological Reviews, v. 79, n. 2, p. 263-323, 1999. doi:
10.1152/physrev.1999.79.2.263.

a neuroendocrine-mediated event.

MEIDAN, R.; MILVAE, R. A,; WEISS, S.; LEVY, N.;
FRIEDMAN, A. Intraovarian regulation of luteolysis.
Journal of Reproduction and Fertility, v. 54, p. 217-228,
1999. Supplement.

MIRANDO, M. A,; BECKER, W. C; WHITEAKER, S.
S. Relationships among endometrial oxytocin receptors,
oxytocin-stimulated ~ phosphoinositide ~ hydrolysis
and prostaglandin F2a secretion in vitro, and plasma
concentrations of ovarian steroids before and during
corpus luteum regression in cyclic heifers. Biology of
Reproduction, v. 48, n. 4, p. 874-882, 1993. doi: 10.1095/

biolreprod48.4.874.

MIYAMOTO, A.; SHIRASUNA, K.; SHIMIZU, T,
BOLLWEIN, H.; SCHAMS, D. Regulation of corpus
luteum development and maintenance: specific roles of
angiogenesis and action of prostaglandin F2alpha. Society
of Reproduction and Fertility, v. 67, p. 289-304, 2010.

MURAMATSU, M.; INOUE, S. Estrogen receptors:
how do they control reproductive and nonreproductive
functions? Biochemical and Biophysical Research
Communications, v. 270, n. 1, p. 1-10, 2000. doi: 10.1006/
bbrc.2000.2214.

OKUDA, K; MIYAMOTO, Y.; SKARZYNSKI, D. J.
Regulation of endometrial prostaglandin F2a synthesis
during luteolysis and early pregnancy in cattle. Domestic
Animal Endocrinology, v. 23, n. 1-2, p. 255-264, 2002. doi:
10.1016/S0739-7240(02)00161-3.

PINEDA, M. H.; DOOLEY, M. McDonald’s veterinary
endocrinology and reproduction. 5th ed. Ames: Wiley,
2003. 597 p.

PRU, J. K;; RUEDA, B. R.; AUSTIN, K. J.; THATCHER,
W. W,; GUZELOGLU, A.; HANSEN, T. R. Interferon-tau

suppresses prostaglandin F2a secretion independently of

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 55, n.2, p. 1-11, 133937, 2018



[10

the mitogen-activated protein kinase and nuclear factor k B
pathways. Biology of Reproduction, v. 64, n. 3, p. 965-973,
2001. doi: 10.1095/biolreprod64.3.965.

RAW, R. E; SILVIA, W. J.; CURRY JUNIOR, T. E.
Effects of progesterone and estradiol on prostaglandin
endoperoxide synthase in ovine endometrial tissue.
Animal Reproduction Science, v. 40, n. 1-2, p. 17-30, 1995.
doi: 10.1016/0378-4320(95)01414-U.

RODRIGUEZ-SALLABERRY, C.; CALDARI-TORRES,
C.; GREENE, E. S;; BADINGA, L. Conjugated linoleic
acid reduces phorbol ester-induced prostaglandin F2alpha
production by bovine endometrial cells. Journal of Dairy
Science, v. 89, n. 10, p. 3826-3832, 2006. doi: 10.3168/jds.
$0022-0302(06)72424-9.

SALFEN, B. E;; CRESSWELL, J. R; XU, Z. Z,; BAO, B;
GARVERICK, H. A. Effects of the presence of a dominant
follicle and exogenous oestradiol on the duration of the
luteal phase of the bovine oestrous cycle. Journal of
Reproduction and Fertility, v. 115, n. 1, p. 15-21, 1999.
doi: 10.1530/jrf.0.1150015.

SANG, Q; YAO, Z.; WANG, H.; FENG, R.; WANG, H,;
ZHAO, X,; XING, Q; JIN, L; HE, L.; WU, L.; WANG, L.
Identification of microRNAs in human follicular fluid:
characterization of microRNAs that govern steroidogenesis
in vitro and are associated with polycystic ovary syndrome
in vivo. The Journal of Clinical Endocrinology and
Metabolism, v. 98, n. 7, p. 3068-3079, 2013. doi: 10.1210/
jc.2013-1715.

SAS INSTITUTE. SAS procedures guide: release 6.03
edition. Cary: SAS Institute, 1988. 441 p.

SILVIA, W. J; LEWIS, G. S;; MCCRACKEN, J. A
THATCHER, W. W.; WILSON JUNIOR, L. Hormonal
regulation of uterine secretion of prostaglandin F2
alpha during luteolysis in ruminants. Biology of
Reproduction, v. 45, n. 5, p. 655-663, 1991. doi: 10.1095/
biolreprod45.5.655.

SILVIA, W.].; RAW, R. E. Regulation of pulsatile secretion
of prostaglandin F2 alpha from the ovine uterus by ovarian
steroids. Journal of Reproduction and Fertility, v. 98, n. 2,
p. 341-347, 1993. doi: 10.1530/jrf.0.0980341.

SKARZYNSKI, D. J; BOGACKI, M.; KOTWICA, ]J.
Involvement of ovarian steroids in basal and oxytocin-
stimulated prostaglandin (PG) F2 alpha secretion by the
bovine endometrium in vitro. Theriogenology, v. 52, n. 3,
p- 385-397, 1999. doi: 10.1016/50093-691X(99)00137-5.

SKARZYNSKI, D. J.; OKUDA, K. Inter- and intra-
cellular mechanisms of prostaglandin F2alpha action
during corpus luteum regression in cattle. Society of
Reproduction and Fertility, v. 67, p. 305-324, 2010.
Supplement.

SPENCER, T.E.; BECKER, W.C.; GEORGE, P, MIRANDO,
M. A.; OGLE, T. F; BAZER, E. W. Ovine interferon-tau
inhibits estrogen receptor up-regulation and estrogen-
induced luteolysis in cyclic ewes. Endocrinology, v. 136,
n. 11, p. 4932-4944, 1995. doi: 10.1210/endo.136.11.7588227.

TANNETTA, D; DRAGOVIC, R.; ALYAHYAE]
Z.; SOUTHCOMBE, ]. Extracellular vesicles and
reproduction-promotion of successful pregnancy. Cellular
& Molecular Immunology, v. 11, n. 6, p. 548-563, 2014.
doi: 10.1038/cmi.2014.42.

THATCHER, W. W,; GUZELOGLU, A.; MATTOS,
R.; BINELLI, M.; HANSEN, T. R.; PRU, J. K. Uterine-
conceptus interactions and reproductive failure in cattle.
Theriogenology, v. 56, n. 9, p. 1435-1450, 2001. doi: 10.1016/
S0093-691X(01)00645-8.

THATCHER, W. W,; TERQUI, M.; THIMONIER, J.;
MAULEON, P. Effect of estradiol-17 beta on peripheral
plasma concentration of 15-keto-13,14-dihydro PGF2
alpha and luteolysis in cyclic cattle. Prostaglandins, v. 31,
n. 4, p. 745-756, 1986. doi: 10.1016/0090-6980(86)90178-4.

VALLET, J. L.; LAMMING, G. E.; BATTEN, M. Control
of endometrial oxytocin receptor and uterine response
to oxytocin by progesterone and oestradiol in the ewe.
Journal of Reproduction and Fertility, v. 90, n. 2,
p- 625-634, 1990. doi: 10.1530/jrf.0.0900625.

VILLA-GODOY, A; IRELAND, J. J; WORTMAN, J. A;
AMES, N. K; HUGHES, T. L.; FOGWELL, R. L. Effect of
ovarian follicles on luteal regression in heifers. Journal of
Animal Science, v. 60, n. 2, p. 519-527, 1985. doi: 10.2527/
jas1985.602519x.

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 55, n.2, p. 1-11, 133937, 2018



[11

WALTHER, N.; LIOUTAS, C.; TILLMANN, G.; IVELL,
R. Cloning of bovine estrogen receptor beta (ERbeta):
expression of novel deleted isoforms in reproductive
tissues. Molecular and Cellular Endocrinology, v. 152,
n. 1-2, p. 37-45, 1999. doi: 10.1016/50303-7207(99)00064-7.

WLODAWER, P; KINDAHL, H.; HAMBERG, M.
Biosynthesis of prostaglandin F2a from arachidonic
acid and prostaglandin endoperoxides in the uterus.
Biochimica et Biophysica Acta (BBA): Lipids and Lipid
Metabolism, v. 431, n. 3, p. 603-614, 1976. doi: 10.1016/0005-
2760(76)90224-1.

XU, Z.; GARVERICK, H. A;; SMITH, G. W.; SMITH,
M. E; HAMILTON, S. A; YOUNGQUIST, R. S.
Expression of messenger ribonucleic acid encoding

cytochrome P450 side-chain cleavage, cytochrome p450

17 alpha-hydroxylase, and cytochrome P450 aromatase
in bovine follicles during the first follicular wave.
Endocrinology, v. 136, n. 3, p. 981-989, 1995. doi: 10.1210/
endo.136.3.7867608.

ZENDEDEL, A.; MONNINK, F.; HASSANZADEH, G
ZAMINY, A.; ANSAR, M. M.; HABIB, P.; SLOWIK,
A.; KIPP, M.; BEYER, C. Estrogen attenuates local
inflammasome expression and activation after spinal cord
injury. Molecular Neurobiology, v. 55, n. 2, p. 1364-1375,
2017. doi: 10.1007/s12035-017-0400-2.

ZHANG, J.; WESTON, P. G.; HIXON, J. E. Influence of
estradiol on the secretion of oxytocin and prostaglandin
F2 alpha during luteolysis in the ewe. Biology of
Reproduction, v. 45, n. 3, p. 395-403, 1991. doi: 10.1095/
biolreprod45.3.395.

Braz. J. Vet. Res. Anim. Sci., Sdo Paulo, v. 55, n.2, p. 1-11, 133937, 2018



