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Highlights
e Oral misoprostol did not hasten oviductal transport of equine embryos
e Oral misoprostol did not affect serum progesterone concentration

e Oral misoprostol did not alter corpus luteum echogenic characteristics

ABSTRACT

In horses, prostaglandin E2 (PGE-2) is produced by embryos around Day 5 post-ovulation;
PGE: functions directly at the oviduct promoting embryo transport into the uterus. Non-

surgical collection of horse embryos for cryopreservation is recommended at Day 6.5 to



7 post-ovulation. It was proposed that misoprostol administered orally will hasten
oviductal transport of horse embryos. In Experiment 1 (n = 15) there was comparison of
time of embryo recovery (Day 6 and 6.5 post-ovulation) from mares administered
misoprostol (Day 5 and 5.5) orally to that of untreated mares. On Day 6, embryo
collections were attempted; if no embryo was collected, there was a second attempt on
Day 6.5. In Experiment 2, (n = 16) misoprostol treatment was initiated on Day 4.5; there
was the first embryo collection attempt on Day 5.5, followed by Day 6 and 6.5 if no embryo
was collected. Blood samples were collected at 12 h intervals on Day 4.5 or 5, to Day 6.5.
In Experiment 1, on days 6 and 6.5, respectively, there was collection of seven and one
of a total of eight embryos detected at the time of collection per group (P = 1). In
Experiment 2, 12 embryos were collected during 15 cycles with there being a total of
three, two, and one collected from mares of both groups on Day 5.5, 6, and 6.5 post-
ovulation, respectively (P = 1). Serum progesterone concentrations were not different (P
= 0.05). In conclusion, misoprostol, when administered orally, does not hasten oviductal

transport of horse embryos.
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1. Introduction

In most mammals, embryos and oocytes are transported to the uterus. In mares,
embryos, but not unfertilized oocytes, are selectively transported to the uterus (Betteridge
and Mitchell, 1974). This selective mechanism has important implications for the embryo
transfer industry.

The non-surgical collection of small embryos (<300 microns) requires that the
uterine lavage occurs at 6 to 7 days post-ovulation. On Day 7 and later, the mean
diameter of the embryo is >300 microns (Vanderwall, 2000; McCue et al., 2010). Reported
pregnancy rates when there is transfer of small embryos into recipient females after
cryopreservation can be as great as 70%. When there is transfer of expanded blastocysts
(>300 microns) into recipient mares, there is only 10% to 20% pregnancy rate if there has
been cryopreservation of these embryos using traditional methods (reviewed in Allen,
2001; McKinnon and Squires, 2009). There is need for use of more advanced techniques
for blastocoel collapse before vitrification if pregnancy rates resulting from embryo
transfer are going to be similar to those when there is transfer of small embryos (Checura
and Parrish, 2006; Seidel Jr. et al., 2010; Troedsson et al., 2010; Squires and McCue,
2016).

Non-surgical embryo recovery rates for Days 7, 8, and 9 following ovulation are
similar, while the recovery rate on Day 6 is less. This lesser embryo recovery rate may
be attributed to failure of 1) some embryos to be transported into the uterus by Day 6, 2)
to collect embryos when the procedure for collection is conducted, or 3) accurate
determination of time of ovulation. In some studies, mares from which there was failure

to collect an embryo on Day 6.5 were detected to be pregnant later without being rebred



(reviewed in Vanderwall, 2000; Allen, 2001; McKinnon and Squires, 2009; Squires and
McCue, 2016). Based on results form a study from Freeman et al. (1991), some embryos
are transported into the uterus after Day 6, and therefore, embryo recovery rates on Day
6.5 should be greater than when there are attempts to collect embryos on Day 5.9 or
earlier subsequent to ovulation.

There is a clear function of prostaglandin E2 (PGE-2) on the oviductal transport of
horse embryos. There are relatively greater concentrations of PGE2 by Day-5 and -6
subsequent to ovulation and this secretion is temporally associated with PGE2-specific
binding to the oviductal wall of mares and with the oviductal transport of the embryo
(Weber et al., 1991b; Weber et al., 1992). In addition, the administration of a continuous
intra-oviductal infusion of PGE:2 resulted in a markedly accelerated transport of embryos
in more mares compared to when the administration with a continuous intra-oviductal
infusion of vehicle or no treatment administration. Oviductal transport, however, was
apparently not hastened after intramuscular, intrauterine, or intraperitoneal PGE->
administration to inseminated mares (Weber et al., 1991a). Laparoscopic administration
of PGE: directly on the oviductal surface was effective leading to an increased embryo
collection rate on Day 5 (reviewed in Allen, 2001). Surgical administration of PGEz,
however, is expensive and impractical for the sole purpose of recovering small embryos
for cryopreservation.

Misoprostol is a synthetic prostaglandin E1 analog that interacts with E-prostanol
(EP) receptors EP2, EP3, and EP4 (Blikslager et al., 2001). In horses, misoprostol is
indicated for the treatment of right dorsal ulcerative colitis associated with non-steroidal

anti-inflammatory drug (NSAID)-induced administration (Jones, 2006) as well as other



gastroenteropathies (Lopp et al.,, 2019; Martin et al., 2019). In addition to the
gastrointestinal protective applications of misoprostol; it is administered to women as a
cervical-softening agent, for abortion in early pregnancy, induction of labor, and
augmentation of uterine contractions when there is need for treatment of serious
postpartum hemorrhage (Zhang et al., 2015; Bilgin and Komurcu, 2019). Conversely,
when misoprostol was administered orally, there were no adverse effects when there was
treatment of pregnant mares during early (Linton and McDonnell, 2014) or mid-gestation
(Jacobson et al., 2013). Furthermore, the intra-cervical administration of PGE:z for
induction of cervical relaxation in mares (Nie and Barnes, 2003; LeBlanc, 2006) is
controversial (McNaughten et al., 2014). There is intra-uterine administration of
misoprostol directly onto the oviductal papilla for the treatment of presumptive blockage
of the oviducts (Alvarenga and Segabinazzi, 2018). Misoprostol, therefore, has the
potential to stimulate PGE2 oviductal receptors and hasten oviductal transport of early-
developing embryos into the uterus.

Prostaglandin E2 has an important function in the ovulatory cascade and
luteinization of follicular cells (reviewed in Checura, 2015). The effects of PGEz2 in
progesterone production of the corpus luteum are complex. Treatment with PGE2 resulted
in increased secretions of both progesterone and prostaglandin Fzqa (PGF2a) from cultured
luteal cells of cattle (Del Vecchio et al., 1995) but treatment with PGE-2 also induces a
reduction in receptors for both PGE2 and PGF2« (Weems et al., 2012). Systemic
administration of misoprostol, therefore, may affect progesterone production patterns in

early diestrus.



Timing recoveries of embryos at Day 6.5 following ovulation entails assessing the
mares twice a day for estimating the time of ovulation. These procedures are easy to
accomplish in referral centers with a mare on site, but there are problems with logistic,
management of mares, and increased expenses for small scale breeders and ambulatory
veterinary practitioners. To collect small embryos when mares are assessed once a day
for estimating the time of ovulation, the recovery of the embryo should occur 6 days after
ovulation is detected. Increasing the recovery rate of small embryos at the time of uterine
flushing on Day 6 with use of a simple and relatively inexpensive process will make
cryopreservation more efficient and widely used in mares (Squires and McCue, 2016). It
was hypothesized that oral administration of misoprostol could be an alternative to PGE2
administrations directly on the oviduct to hasten oviductal transport of horse embryos at

the Day-5 developmental stage.

2. Materials and methods
2.1. Animal use and care protocols

Animal use and care protocols were reviewed and approved by the University of
Wisconsin-Madison Institutional Animal Care and Use Committee for Experiment 1,
Animal Use Protocol number V005218; and by the Comité de Etica at the Universidad

Nacional de Rio Cuarto for Experiment 2, number 207/18-FAV-UNRC.

2.2. Experiment 1
The objectives for Experiment 1 were to compare the time at which the embryo

was recovered (Day 6 and Day 6.5 following ovulation) from mares treated with two doses



of oral misoprostol compared with untreated control mares, and to determine effects of
misoprostol when administered orally on serum progesterone concentrations at days 5 to

6.5 post-ovulation.

2.2.1. Animals and procedures

Fifteen estrous cycling mares of mixed light breeds, 3 to 17 years of age, were
assigned for use in Experiment 1. All mares were examined by a board certified
theriogenologist at the beginning of the experiment and were considered reproductively
sound. Mares were located in Madison, WI, USA (43°04'29.5"N 89°25'09.2"W) and the
data were collected during two breeding seasons. Following detection of endometrial
edema and a preovulatory (>35 mm) follicle, ovarian functions were monitored every 12
h and mares were artificially inseminated with = 0.5 x 10° motile spermatozoa every other
day until ovulation (ovulation day = Day 0). Ovulation was detected by ultrasonography
to have occurred when the preovulatory follicle present at the previous ultrasound
examination was observed to have evacuated >90% of its follicular fluid (Ginther, 1995).
Inseminated mares were randomly assigned to not be treated (untreated control group)
or to be treated with misoprostol. Misoprostol (Gavis Pharmaceuticals, Somerset, NJ,
USA) was administered orally at 0.009 mg/kg BW, on Days 5 and 5.5. On Day 6, standard
non-surgical embryo recovery procedures were conducted (see section 2.3) utilizing two
liters of embryo recovery media (Vigro™ Complete Flush Solution, Vetoquinol USA, Inc.,
Fort Worth, TX, USA) to flush the uterus in an attempt to collect the embryos. If an embryo
was not collected on Day 6, there was a second attempt at collection on Day 6.5. The

time at which an embryo was collected from each mare (paired samples) was the end-



point for the statistical analysis; therefore, data were only included in the statistical
analyses if there were embryos collected from mares after the procedures for both the
treatment and control experimental regimens had been imposed. After the initial
randomized assignment, mares were assigned to alternate experimental groups until an
embryo was recovered, then the mare was assigned to the other group until the second
embryo was recovered. When there were unilateral double ovulations in a mare, the data
were excluded from the analyses. Blood samples were collected from the jugular vein at
12 h intervals on Day 5 to 6.5. On Day 6.5, all mares were administered PGF2a (10 mg

dinoprost tromethamine — Lutalyse, Zoetis, Parsippany, NJ, USA — intramuscular).

2.3. Experiment 2

The objectives for Experiment 2 were to compare the time at which the embryo
was recovered (Day 5.5 or Day 6 or 6.5 following ovulation) from mares treated twice with
an oral dose of misoprostol compared with mares not administered misoprostol, and to
determine the effect of oral misoprostol on serum progesterone concentrations and
corpus luteum echogenic characteristics at days 4.5 to 6.5 following the time when

ovulation was detected to have occurred.

2.3.2. Animals and procedures

Estrous cycling mares of mixed light breeds (n = 16), 2.5 to 15 years of age, were
assigned for use in Experiment 2. All mares were examined by a board certified
theriogenologist at the beginning of the experiment and were considered reproductively

sound. Mares were located in Rio Cuarto, Cdérdoba, Argentina (33°06'33.0"S



64°18'06.7"W) and the data were collected for a period of 30 days during the breeding
season. Following detection of endometrial edema and a preovulatory (>35 mm) ovarian
follicle, ovarian activity was monitored every 12 h using ultrasonic procedures and mares
were artificially inseminated with 1 x 10° motile spermatozoa every other day until
ovulation (ovulation day = Day 0). Ovulation was detected by ultrasonography to have
occurred when the preovulatory follicle present at the previous ultrasound examination
was observed to have evacuated >90% of its follicular fluid (Ginther, 1995). Inseminated
mares were alternately assigned to a treatment group at the time when ovulation was
detected to have occurred (untreated control or misoprostol treatment: 0.009 mg/kg, per
0s, two doses 12 h apart), and all treatments were administered starting on Day 4.5. On
Day 5.5, standard non-surgical procedures were conducted using 2 liters of embryo
recovery media (Lactate ringer solution — 624-L, Rivero laboratories, Ciudad Autbnoma
de Buenos Aires, Argentina — with 0.01% polyvinyl alcohol — P-8136 Sigma-Aldrich, Saint
Louis, MO, USA) to flush the uterus in an attempt to collect embryos, and whether there
was an embryo collected or not collected was recorded. If an embryo was not collected,
there was a second attempt at embryo collection on Day 6, and again, if an embryo was
not recovered on Day 6, a third attempt at embryo collection occurred on Day 6.5. After
the initial randomized assignment, mares were assigned to the alternate treatment group
for conducting the other experimental regimen. Each estrous cycle was considered as an
independent variable for statistical purposes and the time at which the embryo was
collected was the end-point value recorded for the variable when conducting the statistical
analysis. Data, therefore, from an estrous cycle were only included for statistical analyses

when there was an embryo collected. Data collected during an estrous cycle when there
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was a unilateral double ovulation that occurred were excluded from the statistical
analyses. Blood samples were collected from the jugular vein at 12 h intervals from Days
4.5 to 6.5 subsequent to the time ovulation was detected to have occurred. The B-Mode
ultrasonic images of the corpus luteum were collected at 12 h intervals from Days 4.5 to
6.5 after ovulation was detected to have occurred. On Day 6.5, all mares were
administered PGF2q (10 mg Dinoprost tromethamine — Lutalyse, Zoetis, Parsippany, NJ,

USA —, intramuscular).

2.3.3. Ultrasonic images

Ultrasonic images were analyzed using ImageJ (National Institute of Health,
Bethesda, MD, USA). To determine average pixel area and pixel intensity, the outer edge
of the corpus luteum was delineated by an operator in each image and a pixel histogram
analysis was conducted. Each image was delineated and analyzed three times and the
averages for pixel area (number of pixels) and pixel intensity (scale 0 to 255, where 0 is

black and 255 is white) were used for statistical analysis.

2.4. Embryo recovery procedure

For embryo recovery, the mare was placed in stocks, the tail wrapped, the perineal
area cleaned and dried. A silicone balloon-tipped catheter (86 cm, 32 Fr, 75 cc balloon,
Bioniche Animal Health, ON, Canada) was passed through the cervix into the uterine
body. Sterile sleeve and sterile lubricant were used by the operator to manually insert the
catheter into the uterine body. The balloon-cuff was inflated with approximately 30 to 60

cc of air and pulled caudally to a position where it was placed cranially next to the internal
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cervical os. The uterus was filled and emptied ("flushed") three to four times with a total
of 2 liters of embryo recovery solution (Experiment 1: Vigro™ Complete Flush Solution,
Vetoquinol USA, Inc., Fort Worth, TX, USA; Experiment 2: Lactate ringer solution — 624-
L, Rivero laboratories, Ciudad Autonoma de Buenos Aires, Argentina — with 0.01%
polyvinyl alcohol — P-8136 Sigma-Aldrich, Saint Louis, MO, USA). Massage of the uterus
per rectum and manipulation of the catheter was conducted to distribute the fluid in both
uterine horns and to facilitate fluid recovery. The recovered fluid was filtered (Em-Con™ -
0.75 pm- Immuno Systems, Spring Valley, WI, USA, or EmSafe -0.65 pm- filters Minitube
USA, Verona, WI, USA) and there were observations for embryos in the fluid using a

stereomicroscope (Vanderwall, 2000).

2.5. Serum progesterone samples

Blood samples were centrifuged immediately after collection and serum was stored
at -20 °C until hormone assays were conducted. All serum progesterone concentrations
were determined using a radioimmunoassay with 1125 at a commercial laboratory in the
USA (BET Laboratories, Lexington, KY, USA): Progesterone CT kits (MP Biomedicals
LLC, Irvine, CA, USA) were used; the standard curve was based on seven standards
analyzed at the same time as the samples; four control samples 0.1, 1.0, 5.0, and 20.0
ng/ml used to ascertain hormone recovery values when the assays were conducted and

CV's were less than 10%. All samples, including standards, were analyzed in duplicate.

2.6. Statistical analysis
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Serum progesterone and pixel data were analyzed as repeated measures over
time using the mixed procedure in the Statistical Analysis System software (SAS Institute,
Cary, NC, USA). Time and treatment were considered to be fixed effects and mare-within-
treatment was a random effect. The interaction of treatment by time was included in the
model. For the repeated measures analysis, the first order autoregressive covariance
structure (AR1) was used to fit a time series-type covariance structure in which the
correlation decreases as a function of time. Normality of distribution for the data was
tested using the univariate procedure in SAS, with emphasis on the residual plot, the
Sharpiro-Wilk and the Kolmogorov-Smirnov tests. There were considered to be
differences in mean values when there was a P < 0.05 and there was considered to be a

tendency for differences when there was a 0.05 < P <0.10 value.

3. Results
3.1. Experiment 1

Of the 15 mares in this experiment, there was only detection of an embryo in the
flushing solution of eight mares in both experimental groups. Reasons for exclusion of
data were: detection of a double ovulation, fluid in the uterus at the time of embryo
recovery, mare being removed from the herd before two embryos were recovered,
recovering an embryo when there was one experimental regimen imposed, however, not
when the other experimental regimen was imposed (treatment or control), and failure to
detect an embryo after flushing the mare uterus. For both groups, seven of eight embryos
were collected on Day 6 and the remaining embryo was collected on Day 6.5 (different

mares for the two experimental groups). Because the data sets for Day of embryo
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recovery in each group were identical, a statistical analysis was not performed (P = 1).
All embryos were < 300 microns in diameter. Serum progesterone concentration data
were normally distributed. Serum progesterone concentrations were not different (P =
0.05) for the mares of the control compared with the misoprostol groups (12.5 + 1.3 ng/ml|
and 11.8 + 1.2 ng/ml, respectively; LSM £ SEM) and there was no effect (P = 0.05) of

time or treatment-by-time interaction (data not shown).

3.2. Experiment 2

There were evaluations during seventeen estrous cycles for this experiment;
during two estrous cycles, there were unilateral double ovulations, therefore, data from
these mares were excluded when there were statistical analyses. Of the remaining 15
estrous cycles during which data were collected, during 12 of these estrous cycles, there
was collection of embryos with data being included in the statistical analyses: n = 6 for
each experimental group. The distribution of Day of embryo recovery was Day 5.5 = three
estrous cycles, Day 6 = two estrous cycles, and Day 6.5 = one estrous cycle with there
again being the same pattern for mares in both the control and misoprostol-treatment
groups (Fig. 1.). A statistical analysis was not performed because the data sets were
identical (P = 1). All embryos were < 300 microns in diameter.

Serum progesterone concentration data were normally distributed. Serum
progesterone concentrations were not different (P = 0.05) for control and misoprostol-
treated mares (20.0 = 2.8 ng/ml and 15.2 + 2.5 ng/ml, respectively; LSM = SEM), there

was effect of time (P < 0.01), but not of treatment-by-time interaction (P = 0.05; Fig. 2.).
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Corpus luteum pixel area data were normally distributed. Corpus luteum pixel
areas were not different (P = 0.05) for the mares of the control or misoprostol-treated
group (27,660 * 3,330 pixels and 34,635 + 3,044 pixels, respectively; LSM + SEM). There
was an effect of time (P < 0.05), however, there was not a treatment-by-time interaction
(P = 0.05; Fig. 3.).

Corpus luteum pixel intensity data were normally distributed. Average corpus
luteum pixel intensity was not different (P = 0.05) for the mares of the control and
misoprostol-treatment group (58.1 £ 3.3 and 58.1 * 3.0, respectively; LSM = SEM). There
was also no effect of time nor was there a treatment-by-time interaction (P = 0.05; Fig.

3.).

4. Discussion

Increasing the collection rate of small Day 6 embryos, combined with vitrification
techniques, which do not require sophisticated equipment, would allow more practitioners
to cryopreserve embryos in the field, and therefore, more horse owners to access and
utilize this technology (Squires and McCue, 2016). In the present study, there was for
Experiment 1 the hypothesis that the two doses of misoprostol would complement the
PGE-: being produced by the embryo, and thus hasten embryo transport into the uterus.
A greater number of embryos collected from the mares of misoprostol-treatment as
compared with control group was expected for Day 6. Due to the equal number of
embryos collected on Day 6 in both groups (seven of eight embryos), there was not
acceptance or rejection of the hypothesis that misoprostol hastens oviductal transport of

horse embryos. There, however, was support of the previous findings from Freeman et
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al. (1991) that some embryos may not have been transported into the uterus by Day 6
subsequent to ovulation. Experiment 2 was designed to increase the distribution of
possible embryo recovery days to test this hypothesis. In addition, the change in physical
location of the mares also was associated with a difference in the genetic composition of
mares and stallions used to conduct Experiment 2. Results from the present study are
again, as with Experiment 1, consistent with those of Freeman et al. (1991) because half
of the embryos were collected on Day 5.5 and most of the embryos were collected by
Day 6 (10 out of 12 embryos), and there was collection of the other two embryos at Day
6.5 subsequent to the time ovulation was detected (Fig. 1.). In the present study, however,
there was not any difference in the distribution of times of embryo collections among
mares of the control and misoprostol-treatment groups. The lack of collections of embryos
at an earlier time from mares of the misoprostol-treatment group likely indicates that there
was no effect when misoprostol was administered orally at the dose used in the present
study on oviductal embryo transport.

There are several possible reasons for the lack of an effect of misoprostol in the
present study, including 1) too small a dosage, 2) lack of an efficacious timing of the
frequency or route of misoprostol administration; 3) a lack of binding of misoprostol to
and/or adequate populations of PGE:2 receptors in the oviduct for binding of misoprostol;
and 4) a pharmacological downregulation of PGE-2 receptors.

In horses, the effects of oral misoprostol (0.005 mg/kg) on basal free acid contents
of the stomach lasted for the 8 hours monitored in a previous experiment (Sangiah et al.,
1989). The same dose of misoprostol when administered orally had a half-life of 40

minutes, similar to human patients (Martin et al., 2019), or a longer interval ranging from
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119 to almost 200 minutes (Lopp et al., 2019). If there had been a greater frequency of
oral administration of misoprostol, there may have been an effect on enhancing the rate
of oviductal transport of the horse embryos in the present experiments. It, however, is
possible that the oviductal misoprostol concentration that is needed for an induction of
the effects to enhance the rate of horse embryo transport into the uterus cannot be safely
attained with a systemic dosage, similar to that reported for PGE2, where local
administration, but not intramuscular, intrauterine, or intraperitoneal administration,
resulted in an enhanced rate of embryo transport into the uterus from the oviduct (Weber
et al., 1991a).

In humans, PGE:2 has different effects on the circular and longitudinal muscle
layers of the oviduct, inhibiting the circular and stimulating the longitudinal musculature in
vitro (Lindblom et al., 1978). In horses, PGE: treatment increased electrical activity of the
oviductal musculature in vivo (Troedsson et al., 1995), and relaxation of the circular
muscle layer in vitro (Weber et al., 1995). Prostaglandin E2 functions through one of four
receptors, EP1; EP2; EP3; EP4; signaling via cAMP (EP2 and EP4 receptors) or changes
in intracellular Ca (EP1 receptors) concentrations. Furthermore, EP3 receptors have
several splice variants, which may signal via cAMP or changes in intracellular Ca
concentrations; and there may be synergistic regulations as a result of activation of
different EP receptors (Blikslager et al., 2001; Blikslager, 2013). In general, activation of
EP2 and EP4 receptors induces smooth muscle relaxation, whereas activation of EP1
and EP3 receptors induces smooth muscle contraction. In the horse oviduct, localization
of the EP2 and EP4 receptors in ciliated epithelial cells, secretory epithelial cells, putative

lymphocytes, smooth muscle, and vascular endothelium is indicative that PGE2 has
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additional effects beyond muscular contraction and relaxation (Ball et al., 2013). In
particular, modulation of ciliary beat and epithelial secretions may also contribute to the
PGE-2-stimulated oviductal transport of the early developing embryo. Misoprostol is a
PGE: analog that binds to EP2; EP3; and EP4 receptors (Blikslager et al., 2001) and
mimics many of the PGE: effects. Horses, however, may have a different receptor
interaction with misoprostol than other species. Misoprostol induces early abortions and
uterine contractility in humans (Zhang et al. 2015; Bilgin and Komurcu, 2019), but it has
no adverse effects in pregnant mares (Jacobson et al. 2013; Linton and McDonnell,
2014), and its effects when administered locally in substitution for PGE:2 for cervical
relaxation is controversial (McNaughten et al., 2014). Blikslager (2013) hypothesized that
a variant of the EP3 receptor with low-affinity and of unknown relevance in myometrial
cells, may be ...“the mechanism whereby misoprostol has less of an effect on contraction
of urogenital smooth muscle as compared with PGE?"... (Blikslager, 2013). This proposed
less than optimal (or absent) activation of the EP3 receptor for contractility of the
muscularis when misoprostol is administered may very well be the reason why there was
not an enhanced oviductal embryo transport when the conditions of the current
experiments were imposed.

An alternative hypothesis as to why there were not effects of the misoprostol
treatment is the downregulation of PGE:2 receptors as a result of administration of
misoprostol. Large doses of PGE2 downregulate receptors for this prostaglandin in the
corpus luteum of cattle when there is treatment with intra-luteal implants containing the

hormone (Weems et al., 2012). It, however, is unlikely that the oral administration of
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misoprostol at the dose and frequency administered in the present study will result in
inhibition of contractile functions of the oviduct.

Prostaglandin E2 is a known luteotropic factor in different domestic species
because when administered there is a resulting stimulation of progesterone production
by luteal cells in vitro. Conversely, PGFzq is the primary luteolytic factor, and it is
predominantly secreted by the endometrium (Del Vecchio et al., 1995; Ferreira-Dias et
al., 2006; Weems et al., 2012). The enzymes PGE2-9-ketoreductase (9k-PGR) and
aldoketoreductase (AKR1B5) can have functions in conversion of PGE2 to PGF2q or vice
versa, and this may be a common occurrence in the horse corpus luteum (Ferreira-Dias
et al., 2006). Serum progesterone concentrations, corpus luteum pixel area and pixel
intensity, however, were similar for the mares of the misoprostol-treated and control
groups in the present study, leading to the conclusion that there was no effect of
misoprostol on progesterone production and corpus luteum echogenic characteristics
when the conditions of the current study were imposed.

There was not an enhanced oviductal transport of horse embryos as a result of
administration of misoprostol orally in the present study; however, most of the embryos
from mares in both experiments were recovered at Day 6 or earlier subsequent to the
time when ovulation was detected to have occurred. Nevertheless, there were a few
embryos collected on Day 6.5, and there may not be collection of these small embryos
accomplished when there are once-a-day assessments for time of ovulation occurrence.
In the present study, there was collection of embryos following a second or even a third
uterine lavage 12 hours apart. It has been previously reported that 63% of mares from

which there were no embryos collected as a result of conducting lavages on day 5 had
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embryos collected when there were uterine lavages on day 8 subsequent to the time
ovulation was detected to have occurred (reviewed in Allen, 2001). Practitioners could
use this as a strategy to optimize rates of collection for small embryos that are going to
be cryopreserved by performing embryo collection procedures on Day 6 and repeating
the lavage on Day 6.5 after the time of detection when ovulation occurred if the first

attempts at embryo collections were unsuccessful.

5. Conclusion
Oral administration of misoprostol at the dose used in the present study did not
enhance the rate of embryo transport from the oviduct into the uterus of mares and does

not affect progesterone concentration or corpus luteum echogenic characteristics.

CRediT author statement

Celina M Checura: Conceptualization, Methodology, Formal analysis, Investigation,
Writing - Original Draft, Visualization, Project administration, Funding acquisition; Harry
W. Momont: Writing - Review & Editing; Catalina Castarieira: Investigation; Ana Flores-
Bragulat: Investigation; Luis Losinno: Methodology, Investigation, Resources, Writing -

Review & Editing, Project administration, Funding acquisition.

Funding
This research was supported by an American Quarter Horse Foundation grant; by the
Department of Medical Sciences, SVM, University of Wisconsin-Madison; and the

Laboratorio de Produccion Equina, Universidad Nacional de Rio Cuarto.



20

Declaration of Competing Interest

The authors declare that they have no conflict of interest.

Acknowledgment

The authors would like to thank Claudia Hirsch, Alexis Powers, Abby Van Haren, and
all the personnel and students that collaborated with this project at Charmany, UW-
Madison; and all the students that collaborated at the Universidad Nacional de Rio

Cuarto.

References

Allen, W.R., 2001. Fetomaternal interactions and influences during equine pregnancy.
Reproduction 121, 513-527.

Alvarenga, M.A., Segabinazzi, L.G., 2018. Application of misoprostol as a treatment of
unexplained infertility in mares. J. Equine Vet. Sci. 71, 46-50.

Ball, B.A., Scoggin, K.E., Troedsson, M.H.T., Squires, E.L., 2013. Characterization of
prostaglandin E-2 receptors (EP2, EP4) in the horse oviduct. Anim. Reprod. Sci. 142,
35-41.

Betteridge, K.J., Mitchell, D., 1974. Direct evidence of retention of unfertilized ova in the
oviduct of the mare. J. Reprod. Fertil. 39, 145-148.

Bilgin, Z., Komurcu, N., 2019. Comparison of the effects and side effects of misoprostol
and oxytocin in the postpartum period: A systematic review. Taiwan. J. Obstet.

Gynecol. 58, 748-756.



21

Blikslager, A.T., 2013. Misoprostol: Is it safety or a lack of understanding that prevents its
more frequent usage? Equine Vet. J. 45, 8-8.

Blikslager, A.T., Pell, S.M., Young, K.M., 2001. PGE(2) triggers recovery of transmucosal
resistance via EP receptor cross talk in porcine ischemia-injured ileum. Am. J. Physiol.
Gastrointest. Liver Physiol. 281, G375-G381.

Checura, C.M., 2015. What do we need to know about the recent molecular and
endocrine aspects of ovulation in the mare to understand clinical situations? , In:
Losinno, L. (Ed.), Seminario Tedrico Practico sobre Clinica Reproductiva Equina,
Haras Tronador, Purranque, Chile, pp. 25-30.

Checura, C.M., Parrish, J.J., 2006. Cryopreservation of large equine embryos,
Proceedings of the Endocrinology — Reproductive Physiology Annual Research
Symposium, University of Wisconsin-Madison, November 17, 2006, Madison, WI, pp.
9.

Del Vecchio, R.P., Sutherland, W.D., Sasser, R.G., 1995. Prostaglandin F2 alpha,
progesterone and oxytocin production by cultured bovine luteal cells treated with
prostaglandin E2 and pregnancy-specific protein B. Prostaglandins 50, 137-150.

Ferreira-Dias, G., Costa, A.S., Mateus, L., Korzekwa, A., Redmer, D.A., Skarzynski, D.J.,
2006. Proliferative processes within the equine corpus luteum may depend on
paracrine progesterone actions. J. Physiol. Pharmacol. 57, 139-151.

Freeman, D.A., Weber, J.A., Geary, R.T., Woods, G.L., 1991. Time of embryo transport
through the mare oviduct. Theriogenology 36, 823-830.

Ginther, O.J., 1995. Ultrasonic Imaging and Animal Reproduction: Book 2, Horses.

Equiservices Publishing, Cross Plains, WI, USA.



22

Jacobson, C.C., Sertich, P.L., Mc Donnell, S.M., 2013. Mid-gestation pregnancy is not
disrupted by a 5-day gastrointestinal mucosal cytoprotectant oral regimen of
misoprostol. Equine Vet. J. 45, 91-93.

Jones, S.L., 2006. Disorders of the large intestine causing diarrhea. Proceedings of the
North American Veterinary Conference, January 7-11, Orlando, Florida, pp. 124-127.

LeBlanc, M.M., 2006. Reproduction Deduction — Part 2, Proceedings Of The North
American Veterinary Conference January 7-11, 2006, Orlando, Florida, pp. 139-142.

Lindblom, B., Hamberger, L., Wiqvist, N., 1978. Differentiated contractile effects of
prostaglandins E and F on the isolated circular and longitudinal smooth muscle of the
human oviduct. Fertil. Steril. 30, 553-559.

Linton, J.K., McDonnell, S.M., 2014. Exploration of safety of a gastrointestinal mucosal
cytoprotectant, oral misoprostol regimen in early-gestation mares. Proceedings of the
60th Annual Convention of the American Association of Equine Practitioners, AAEP,
Salt Lake City, Utah, USA, pp. 53-54.

Lopp, C.T., McCoy, A.M., Boothe, D., Schaeffer, D.J., Lascola, K., 2019. Single-dose
pharmacokinetics of orally and rectally administered misoprostol in adult horses. Am.
J. Vet. Res. 80, 1026-1033.

Martin, E.M., Schirmer, J.M., Jones, S.L., Davis, J.L., 2019. Pharmacokinetics and ex
vivo anti-inflammatory effects of oral misoprostol in horses. Equine Vet. J. 51, 415-
421.

McCue, P.M., Ferris, R.A., Lindholm, A.R., DeLuca, C.A., 2010. Embryo recovery

procedures and collection success: results of 492 embryo-flush attempts.



23

Proceedings of the 56th Annual Convention of the American Association of Equine
Practitioners, AAEP, Baltimore, Maryland, USA, pp. 318-321.

McKinnon, A.O., Squires, E.L., 2009. Embryo transfer and related technologies,
Proceedings of the American Association of Equine Practitioners, Annual Resort
Symposium, AAEP, Vail, Colorado, USA, pp. 27-57.

McNaughten, J., Pozor, M., Macpherson, M., Kelleman, A., Woodward, E., Troedsson,
M., 2014. Effects of topical application of misoprostol on cervical relaxation in mares.
Reprod. Domest. Anim. 49, 1057-1062.

Nie, G.J., Barnes, A.J., 2003. Use of prostaglandin E1 to induce cervical relaxation in a
maiden mare with post breeding endometritis. Equine Vet. Educ. 15, 172-174.

Sangiah, S., MacAllister, C.C., Amouzadeh, H.R., 1989. Effects of misoprostol and
omeprazole on basal gastric pH and free acid content in horses. Res. Vet. Sci. 47,
350-354.

Seidel Jr., G.E., Cullingford, E.L., Stokes, J.E., Carnevale, E.M., McCue, P.M., 2010.
Pregnancy rates following transfer of biopsied and/or vitrified equine embryos:
evaluation of two biopsy techniques. Anim. Reprod. Sci. 121, 297-298.

Squires, E.L., McCue, P.M., 2016. Cryopreservation of Equine Embryos. J. Equine Vet.
Sci. 41, 7-12.

Troedsson, M.H.T., Liu, .LK.M., Ing, M., Pascoe, J., 1995. Smooth Muscle Electrical
Activity in the Oviduct, and the Effect of Oxytocin, Prostaglandin F2a, and
Prostaglandin E2 on the Myometrium and the Oviduct of the Cycling Mare. Biol.

Reprod. 52, 475-488.



24

Troedsson, M.H.T., Paprocki, A.M., Koppang, R.W., Syverson, C.M., Griffin, P., Klein, C.,
J.R., D., 2010. Transfer success of biopsied and vitrified equine embryos. Anim.
Reprod. Sci. 121, 295-296.

Vanderwall, D.K., 2000. Current equine embryo transfer techniques, In: Ball, B.A. (Ed.),
Recent Advances in Equine Reproduction, International Veterinary Information
Service, Ithaca.

Weber, J.A., Freeman, D.A., Vanderwall, D.K., Woods, G.L., 1991a. Prostaglandin-E2
hastens oviductal transport of equine embryos. Biol. Reprod. 45, 544-546.

Weber, J.A., Freeman, D.A., Vanderwall, D.K., Woods, G.L., 1991b. Prostaglandin-E2
secretion by oviductal transport-stage equine embryos. Biol. Reprod. 45, 540-543.
Weber, J.A., Woods, G.L., Freeman, D.A., Vanderwall, D.K., 1992. Prostaglandin-E2-

specific binding to the equine oviduct. Prostaglandins 43, 61-65.

Weber, J.A., Woods, G.L., Lichtenwalner, A.B., 1995. relaxatory effect of prostaglandin
E2 on circular smooth muscle isolated from the equine oviductal isthmus. Biol.
Reprod. 52, 125-130.

Weems, Y.S., Bridges, P.J., Jeoung, M., Arreguin-Arevalo, J.A., Nett, T.M., Vann, R.C.,
Ford, S.P., Lewis, A.W., Neuendorff, D.A., Welsh, T.H., Randel, R.D., Weems, C.W.,
2012. In vivo intra-luteal implants of prostaglandin (PG) E1 or E2 (PGE1, PGE2)
prevent luteolysis in cows. Il: mRNA for PGF2a, EP1, EP2, EP3 (A-D), EP3A, EP3B,
EP3C, EP3D, and EP4 prostanoid receptors in luteal tissue. Prostaglandins Other

Lipid Mediat. 97, 60-65.



25

Zhang, Y., Wang, J., Yu, Y., Xie, C., Xiao, M., Ren, L., 2015. Misoprostol versus
prostaglandin E2 gel for labor induction in premature rupture of membranes after 34

weeks of pregnancy. Int. J. Gynecol. Obstet. 130, 214-218.



26

Fig. 1. Day of embryo recovery for the 12 embryos in Experiment 2; treatment was
initiated on Day 4.5; untreated control or misoprostol treatment (0.009 mg/kg, per os,
two doses 12 h apart); first embryo collection attempt was on Day 5.5, if no embryo was
collected, second attempt on Day 6, third attempt on Day 6.5. Trt: treatment effect.

Fig. 2. Serum progesterone concentration for Experiment 2; treatment was initiated on
Day 4.5; untreated control (C) or misoprostol (M) (0.009 mg/kg, per os, two doses 12 h
apart), n = 6 per group; Trt: treatment effect; Time: time effect.

Fig. 3. Ultrasonic-image analysis of the corpus luteum for Experiment 2; treatment was
initiated on Day 4.5; untreated control (C) or misoprostol treatment (M) (0.009 mg/kg,
per os, two doses 12 h apart), n = 6 per group; Trt: treatment effect, Time: time effect.
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Fig. 1. Day of embryo recovery for the 12 embryos in Experi-
ment 2; treatment was initiated on Day 4.5; untreated control
or misoprostol treatment (0.009 mg/kg, per os, two doses 12
h apart); first embryo collection attempt was on Day 5.5, if no
embryo was collected, second attempt on Day 6, third
attempt on Day 6.5; Trt: treatment effect.
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Fig. 2. Serum progesterone concentration for Experiment 2;
treatment was initiated on Day 4.5; untreated control (C) or
misoprostol (M) (0.009 mg/kg, per os, two doses 12 h apart),
n = 6 per group; Trt: treatment effect; Time: time effect.
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Fig. 3. Ultrasonic-image analysis of the corpus luteum for
Experiment 2; treatment was initiated on Day 4.5; untrea-
ted control (C) or misoprostol treatment (M) (0.009 mg/kg,
per os, two doses 12 h apart), n = 6 per group; Trt: treat-
ment effect, Time: time effect.
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