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Abstract

Persistent-breeding induced endometritis (PBIE) as the third most common disease in mares is a leading reason
for infertility. Some mares do not respond effectively to traditional treatments including uterine lavage, and
administration of antibiotics, anti-inflammatories, and ecbolic agents. This study explored the combined use of
oxytocin and carbetocin with flunixin meglumine for treating PBIE in Dareh Shouri mares. The study involved 45
Dareh Shouri mares with PBIE. Treatment groupl: mares were treated with oxytocin, flunixin meglumine, and
uterine lavage with normal saline (15); treatment group2: mares were treated with carbetocin, flunixin meglumine,
and uterine lavage with normal saline (15); and control, only uterine lavage with normal saline (15). Cytology
samples were collected post-ovulation and pre-treatment to confirm endometritis. Pregnancy rates were assessed
via ultrasonography 14 days post-ovulation. Results indicated a significantly higher pregnancy rate in the
carbetocin-treated group (86%) and oxytocin-treated group (66%). A significant correlation was found between
pregnancy outcomes and factors such as uterine edema, follicle size, and the interval between mating and
ovulation. This study highlights the potential effectiveness of using oxytocin and carbetocin with flunixin
meglumine for treating PBIE in Dareh Shouri mares, though further research is necessary for definitive
conclusions.
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Introduction

Endometritis as a prevalent cause of species (Talebkhan Garoussi et al, 2022;
infertility in mares has been reported to be Traub-Dargatz et al, 1991). Endometritis
the third health condition in the equine occurs when the uterus exhibits a weakened
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ability to clear microorganisms (Morris et
al, 2020). Also, predisposing factors of this
health disorder encompass a history of
dystocia or placental retention, reproductive
tract anatomical defects, and inadequate
uterine clearance after natural mating or
artificial insemination (AI) (Troedsson,
2006; Troedsson and Woodward, 2016).
These factors contribute to a decrease in
horse fertility (Bucca et al, 2008).

There are three crucial types of
endometritis in mares including genital
endometritis, persistent-breeding-induced
endometritis (PBIE), and chronic uterine
infections. Persistent-mating-induced
endometritis has been introduced as the
predominant form of non-infectious
endometritis (Troedsson, 1999; Troedsson
and Woodward, 2016). Reports suggest that
approximately 10 to 15 percent of mares are
susceptible to PBIE (Canisso et al, 2020;
LeBlanc, 2010).

Endometritis contributes to a decline in
the fertility rate in mares by creating an
unsuitable uterine environment for embryos
5 to 6 days after ovulation. It is noteworthy
that the occurrence of endometritis after
mating is a normal phenomenon in all mares
(Zent et al, 1998). However, in most mares,
this inflammatory process is transient, and
within 24 to 48 hours, the uterus is cleared
of inflammatory substances and cells
(Pycock and Allen, 1990). In contrast, this
inflammation persists in sensitive mares
and causes persistent-breeding induced
endometritis. Several factors predispose
mares to persistent-breeding induced
endometritis. Aging and poor perinatal
structure are the most significant
contributors (Brito and Barth, 2003). Older
mares are more susceptible to persistent-
mating endometritis than their younger
counterparts.

Treatment options for endometritis are
diverse and encompass various approaches.
These may involve uterine lavage using
solutions such as Ringer's lactate or
buffered saline, anti-inflammatory
treatment, mucolytic compounds,

antibiotics and oxytocin (Christoffersen et
al, 2012; Fedorka et al, 2018; MacAllister et
al, 1993; Rogan et al, 2007).

Oxytocin is  synthesized in the
hypothalamus and stored in the posterior
pituitary gland to be released in response to
the related signals. Oxytocin stands out as
the most widely recognized drug for
enhancing uterine contraction and fluid
outflow in mares (Holleboom et al, 2013;
LeBLANC et al, 1994; Risco et al, 2009).

Carbetocin, a synthetic oxytocin analog,
is a long-acting alternative with a half-life
of around 2.5 times longer than oxytocin in
horse. The half-life of oxytocin is relatively
short (6.8 minutes in horse). The extended
duration of action of carbetocin may offer
advantages in certain therapeutic contexts
compared to the transient effects of
oxytocin (de Amorim et al, 2023;
Holleboom et al, 2013; Schramme et al,
2008).

According to studies, repeated doses of
oxytocin are employed to treat endometritis
after mating. Considering the extended half-
life of carbetocin and therefore, the
possibility of using it as a single dose for
treatment  persistent-breeding  induced
endometritis, the present study was
designed to evaluate the effect of using
exogenous administration of oxytocin or
carbetocin along with flunixin meglumine
and uterine lavage on the treatment of
persistent-breeding-induced endometritis in
Dare-shuri mares.

Materials and Methods
Animals and Experimental Design

This study was conducted on 45 Dereh-
Shuri mares with PBIE between the ages of
8 and 24 years, from June 2022 to
November 2023. The studied mares were
divided in to three groups. Treatment group
1: mares were treated with oxytocin along
with flunixin meglumine and uterine lavage
with 2-3 liters saline solution (15). Treatmet
group 2: mares were treated with carbetocin
along with flunixin meglumine and uterine
lavage with 2-3 liters of saline solution (15),

Iranian Veterinary Journal




Evaluating the effect of oxytocin or carbetocin combined with . . .

control: only uterine lavage with 2-3 liters
saline solution. The MeantSE time
intervals between mares’ parturition and
entering the study were 35.6+4.99,
29.4+4.34 and 35.2+4.58 in control,
treatment group 1 and treatment group 2
respectively. The Mean+SE of mares’ parity
was 8.13+0.46, 6.06+£0.44 and 7.26+0.40 in
control, treatment group 1 and treatment
group 2 respectively. All mares included in
this study were kept in stables that provide
adequate and appropriate nutrition for the
mares.

Evaluation and preparation of mares for
mating or Al

Prior to the clinical trial and the
commencement of the study, the mares
under investigation underwent rectal
ultrasound examinations (Emp V9, China)
at 24-hour intervals during the estrous
period to determine the precise mating time.
These mares were evaluated for signs of
ovulation (such as changes in follicle shape,
reduction in uterine edema, and constancy
of follicle size). Subsequently, 25
micrograms of Vetaroline (Aburaihan,
Tehran, Iran) were administered via
intramuscular injection 24 and 12 hours
before mating to induce ovulation. The
uterus was also evaluated by ultrasound
examination. The mares showed more than
1 cm of non-echogenic fluid or any amount
of echogenic fluid accumulation in the
uterus during estrus, were excluded from
the study. The uterine edema and follicular
size were measured and recorded at the last
ultrasonography  before = mating  or
insemination.

Twelve stallions were used for mating or
artificial insemination in this study and all
of the stallions had normal fertility based on
their history. Based on the indicators of the
nearness of ovulation mentioned above, the
approximate time of ovulation was
determined. At this point, natural mating or
artificial insemination was performed using
a 65 cm pipette (Mini Tube, Germany),
which was inserted into the posterior part of
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the uterine body. The total volume of semen
inseminated to obtain normal fertility was
15-20 ml. This volume was based on the
motility and concentration of sperm in the
sample.

Evaluation for diagnosis of endometritis and
uterine cytology preparation

Between 24 to 48 hours following mating
or insemination with fresh sperm, mares
underwent another ultrasound examination
to confirm ovulation. In some of the studied
mares and because of the field conditions,
ultrasound examination for detection of
ovulation was preformed less than 24 hours
after insemination.  If ovulation was
detected, uterine fluid cytology was
examined to confirm the diagnosis of
endometritis before initiating treatment.
The cytology samples were collected from
the mares that showed more than 1 cm of
non-echogenic fluid or any amount of
echogenic fluid accumulation in the uterus.
The study continued until 45 mares with
PBIE were gathered for the study.

The mares' tails were first thoroughly
closed to conduct the cytology, and the
vulva was meticulously cleaned with
betadine scrub. Subsequently, the sample
was gently collected using a sampling brush
to prepare a smear. Using the index finger,
sampling brush was put into the body of
uterus through cervix. In the uterine body,
its cap was removed by moving it forward.
The brush was held in the endometrial
cavity for 10 to 15 sec. The collected sample
was used for smear preparation.

After fixation of smear with 95%
methanol for 30 seconds, prepared smears
were stained using Giemsa 10% for 20
minutes. Subsequently, all slides were
rinsed with water. Following drying, the
slides were examined using a light
microscope with 1000x magnification and
immersion oil, and interpreted as follows:
between 0-2 neutrophils in each field were
considered  normal. = Between  3-5
neutrophils in each field were deemed
indicative of moderate inflammation. The
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presence of >5 neutrophils in each field was
indicative ~ of  severe  inflammation
(McKinnon et al, 2011). Fourteen days after
ovulation, the mares under study underwent
rectal ultrasound (Emp V9, China)
examination to assess pregnancy.

Just one mating or Al was done for each
mare and if the mare did not ovulate during
48 h after mating or AIl, that mare was
excluded from the study. Treatment
procedures in all groups were done once and
the result of pregnancy was evaluated and
considered for the present study after this
treatment. Non-pregnant mares were treated
based on their uterine and ovarian condition
in the next estrus cycles.

Treatment procedures for mares with PBIE

The first treatment group comprises
mares subjected to uterine lavage with 2 to
3 liters saline solution, along with
intramuscular injection of 20 units of
oxytocin (Rooyan, Iran) and flunixin
meglumine (Razak, Iran) that administered
intravenously at a 1.1 mg/kg dosage, one
hour after oxytocin injection and uterine
lavage, and wupon diagnosis of the
complication (within 24 to 48 hours after
mating). The second treatment group
comprised mares that received uterine
lavage with 2 to 3 liters saline solution,
along with intramuscular injection of 0.175
mg of carbetocin (Hanlim Pharm, South
Korea) and flunixin meglumine was
administered intravenously at a 1.1 mg/kg
dosage, one hour after the injection of
carbetocin. The control group included
mares that underwent uterine lavage with 2
to 3 liters saline solution at the time of
diagnosis, which occurred between 24 to 48
hours after mating. All treatments were
started within 24 to 48 hours after mating
for all groups. Endometritis detection was
done at the time of ovulation detection in
this study (within 24 to 48 hours after
mating).

Statistical analysis

The data were analyzed using IBM
SPSS23. Categorical data were analyzed by
Kruskal-Wallis  Test. The correlation
between data were analyzed using
Spearman’s correlation. The differences at
the level of 5% (P<0.05) were considered
significant.

Results
Age of the mares

The age of the mares in this study, among
the groups receiving oxytocin, carbetocin,
and the control, was between 8-24 years, 14
years on average. The mares range and
average of the mares are shown in Table 1.
The results indicated no significant
difference in the average age of mares
between the groups (P>0.05).

Table 1: The range and mean+SE of the age of
mares in experimental groups

Groups Range Mean+SE
(vea) | (year)
Oxytocin Group 11-20 13.93+2
Carbetocin Group 8-24 13.06+3
Control Group 12-22 15.92+2

Pregnancy rates in mares

In total, 32 mares breed by natural mating
and 13 mares breed by Al in this study. In
the control group, out of a total of 15 treated
mares, 6 mares (40%) became pregnant
(Figure 1). In the group receiving oxytocin,
out of 15 treated mares, 10 mares (66%)
became pregnant which was statistically
different compared to the control group
(P<0.05) (Figure 1). In the group receiving
carbetocin, out of 15 treated mares, 13
mares (86%) became pregnant which was
different compared to the control group
(P<0.05) (Figure 1). The pregnancy rate of
the oxytocin group was not significantly
different in comparison with the carbetocin
group (P>0.05).
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Figure 1: The pregnancy rate of mares among experimental groups. Different letters show significant
differences between groups.

Uterine cytology

The results related to evaluation of
uterine cytology between 24 to 48 hours
following mating or insemination and
immediately before treatment in the groups
receiving oxytocin, carbetocin, and the
control are shown in Figure 2. No
significant difference in the uterine

Number of mares in different
cvtological eategories

Control

cytology status was observed among the
groups (P>0.05).

Uterine edema

The results of comparing uterine edema
degree among the oxytocin, carbetocin, and
the control groups, showed no significant
difference (P>0.05) (Figure 3).

Oxytocin Carbetocne

Figure 2: Frequency of mares based on cytology category among experimental groups. M: Number of 0-2
neutrophils in 5 microscopic sections with X1000 magnification; ==: Number of 3-5 neutrophils in 5
microscopic sections with X1000 magnification; ::: Number of <5 neutrophils in 5 microscopic sections
with X1000 magnification
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Figure 3: Frequency of mares based on uterine edema category among experimental groups. M: edema

grade 1; =%: edema grade 2; *\': edema grade 3.

Preovulatory follicle diameter

Preovulatory follicle diameter in the
studied mares ranged from 3.9 cm to 4.5 cm,
with an average of 4.4 cm. The range and
average diameter of preovulation follicles
in the experimental group are shown in
Table 2. A statistically significant
correlation ~ was  observed  between
pregnancy in mares with Preovulatory
follicle diameter before mating (P<0.003).

Table 2: The range and mean+SE of
preovulatory follicle diameter of mares in
experimental groups

Groups Range Mean+SE
(cm) (cm)
Oxytocin Group 3.7-4.6 4.3+1
Carbetocin Group 3.9-5.6 4.3+2
Control Group 4.1-4.2 4.2+1.5

Mating to ovulation interval

The interval between mating to ovulation
in the studied mares varied from 18 to 48
hours, with an average of 38 hours. The

range and average of the mating interval to
ovulation in experimental groups are shown
in Table 3. The -correlation between
pregnancy rate in mares and mating to

ovulation interval was not significant
(P<0.068).

Table 3: Mating to ovulation interval in mares

Groups Range (h) | Meant£SE (h)
Oxytocin Group 48-18 34,944
Carbetocin Group 48-18 36.9+£3
Control Group 39-48 42+2

Correlation between evaluated variables

There were significant correlations
between pregnancy and uterine cytology 48
hours after mating and immediately before
treatment, pregnancy and dominant follicle
size before mating and uterine cytology and
dominant follicle size before mating
(P<0.05). The correlations between other
evaluated variables were not significant
(P>0.05) (Table 4).
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Table 4: Correlation between evaluated variables

. . dominant Mating to | GnRH injection
Uterine | Uterine . ; .
Pregnancy| Cytology . follicle Age |ovulation| to ovulation
edema fluid . . .
size interval interval
Preenanc | r=0.603 [ r=-0.340 | =0.103 | r=0.443 |[r=-0.038 | r=-0.278 r=-0.018
g y p=0.001| p=0.24 | p=0.252 | p=0.003 | p=0.807 | p=0.068 p=0.228
Cytolo 1 r=0.336 | r=-0.083 | r=-0.436 | r=0.205 ) i
gy p=0.14 | p=0.297 | p=0.003 | p=0.182
Uterine 1 r=0.179 | r=-0.219 ) ) i
edema p=0.244 | p=0.153
Uterine r=0.116 | =0.27 ) i
fluid p=0.455 | p=0.860
dominant | ) ) i
follicle size
Age 1 - -
Mating to r=-0.185
ovulation 1 0228
interval p=7.
GnRH
injection to
. 1
ovulation
interval
Discussion

Post-breeding-induced endometritis
(PBIE) as the third common disease in adult
mares accounts for the main cause of
infertility, affecting approximately 15% of
mares (Hurtgen, 2006; LeBlanc and
Causey, 2009). Traditionally, endometritis
is treated with the administration of drugs
such as anti-inflammatory substances,
antibiotics, and ecbolics concomitant with
lavage of the uterus. Unfortunately, some
mares do not respond to these treatments
(Liu and Troedsson, 2008). In addition to
the ecbolic agents, administration of
cloprostenol can be wused for uterine
clearance in the mare and it is mentioned
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that this prostaglandin analogue has a
longer activity duration compared to
oxytocin (Combs et al, 1996). However, it
is shown that when this drug is
administrated during the periovulatory
period until two days post-ovulation, it has
a negative effect on progesterone levels
during the early days after ovulation (Nie et
al, 2003).

These treatments are sometimes not
effective enough, and the prevalence of
antibiotic-resistant microorganisms has
increased,  which  necessitates  the
development of alternative medications for
mares with persistent-breeding endometritis
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(Buczkowska et al, 2015; Scoggin, 2016).
The present research was aimed to
investigate the effect of using exogenous
administration of oxytocin or carbetocin
along with flunixin meglumine and uterine
lavage on the persistent-breeding induced
endometritis treatment in Dare-Shuri mares.
The results of some studies show that
oxytocin administration stimulates a pulse
of PGFM (a PGF2a metabolite) that mimics
a natural PGFM pulse during luteolysis in
mare. In the study of Santos et al, (2016),
single injection of oxytocin with each of
doses (1-10 IU/mare) stimulated a burst of
PGFM that was maximum in 4 minutes, but
this burst was unlike a natural pulse. In this
study, oxytocin infusion during 2 hours with
doses of 1.25, 2.5, or 5 IU/100 kg induced a
PGFM pulse similar natural pulse and the
peak of an induced seemed similar to
reported natural peaks. Percentage decrease
in progesterone within 8 hours was
significantly —greater for this group
(oxytocin infusion during 2 hours) than
saline injected group. Considering that,
oxytocin injection was 1 or 2 days after
ovulation in our study and to prevent
possible adverse effect of oxytocin on Cl
development and progesterone
concentration, only one injection of
oxytocin was considered in this study. In the
study by Rasch et al., the effect of oxytocin
on the rate of uterine clearance and
pregnancy in mares showed that
intravenous oxytocin administration in
mares suffering from the accumulation of
intrauterine fluid increased fertility (Rasch
et al, 1996). According to Guthjahr et al,
oxytocin treatment should begin in the
preovulatory period because the response of
the uterus to oxytocin is greater when
progesterone levels are low and estrogen
levels are high. If oxytocin treatment is used
after ovulation, the dose should be
increased to achieve a better -effect.
However, caution 1is necessary, as
administering more than 25 IU of oxytocin
can cause persistent contractions, spasms,
and tetany, leading to uterine fluid retention

(Gutjahr et al, 2000). In the present study,
the pregnancy rates in mares of the control
and oxytocin groups were 40%, and 66%
respectively, which was significantly
different between the oxytocin-treated and
the control groups. Therefore, according to
the obtained results, oxytocin increases the
pregnancy rate in mares.

Carbetocin, with a half-life of 17.2
minutes, can be used in mares as an
alternative to oxytocin, which has a half-life
of 6.8 minutes (Schramme et al, 2008). One
of the disadvantages of oxytocin is the need
for repeated doses, making carbetocin more
practical. However, to date and to the extent
that the authors have investigated, no
studies have compared the -effect of
oxytocin and carbetocin to accelerate
uterine clearance (de Amorim et al, 2023;
Steckler et al, 2012). In the present study,
the pregnancy rate examined in mares was
40% in the control group compared to 86%
in carbetocin group. A significant difference
was observed between the carbetocin group
and the control group. In the study by Khan
et al., preovulatory administration of
ecbolics in mares resistant to endometrial
infection did not affect the clearance of the
uterus or luteal development. Moreover,
carbetocin did not have the expected effect
on uterine clearance but this treatment had
no side effect on the corpus luteum until day
14. Therefore, pre- and post- ovulation
treatment with carbetocin, twice-daily, is
safe in inseminated mares (Khan et al,
2024).

In this study, flunixin meglumine was
used in treatment groups alongside oxytocin
and carbetocin. In the study by Donnelly et
al., the administration of flunixin
meglumine did not affect the time interval
between the detection of a follicle > 30 mm
to ovulation. The pregnancy rate per cycle
was not significantly different in flunixin
meglumine-treated (83% of matings)
compared to the control group (68% of
matings). Flunixin meglumine had no
significant effect on the behavioral
symptoms of estrus, uterine edema, or
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serum progesterone concentration
(Donnelly et al, 2019).

In our study, there was no significant
difference in cytology grade, among the
groups that received oxytocin or carbetocin
or no treatment, at 48 hours after mating and
immediately before treatment. In the study
by Riddle et al. (2007), the pregnancy rate
of mares with positive cytology or bacterial
culture was lower than those with negative
culture (P<0.01). The mares with severe
endometrial inflammation had a lower
pregnancy rate than those with moderate
inflammation (21% vs 48%). In this study,
uterine cytology was used to confirm
endometritis in all studied mares, and the
lack of a significant difference in the present
study indicates similar conditions of the
studied mares, consistent with other studies.

On the other hand, to create uniform
conditions and reduce the impact of
physiological factors on fertility, a
statistical comparison was made for the age
of the different groups. The results of this
comparison  showed no  significant
difference in age among the groups
receiving oxytocin, carbetocin, and the
control. Nazem et al, (2023), reported a
significant difference in the age of mares
with endometritis after mating. The absence
of significant difference in age between the
groups in our study helped to clarify the
effect of treatments among groups.

To ensure the uniformity of study
conditions in mares, the average diameter of
the follicles before ovulation and the
average mating interval until ovulation was
investigated across different groups. No
statistically significant difference was
observed. These results are important in
confirming the presence of the normal
estrus cycle and similar physiological
conditions among the mares.

The results for uterine edema in mares
receiving oxytocin, carbetocin, and the
control showed no statistically significant
difference. Inflammatory changes in the
uterus of mares are typically indicated by
the presence of uterine fluid or a significant
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increase in endometrial edema. During the
normal estrous cycle, endometrial edema is
used as a diagnostic factor and correlates
with estrogen production. Typically, the
degree of edema near ovulation is low or
absent. When edema is detected in mares
that are in diestrus or pregnant, it is a sign
of inflammation. In the present study, there
was a direct but not significant correlation
between pregnancy in mares and uterine
edema before mating (Del Prete, Montano,
et al, 2024; Del Prete, Nocera, et al, 2024).

Mateu-Sanchez et al, reported that the
pregnancy rate was positively correlated
with the duration of estrus and endometrial
edema in both natural and prostaglandin-
induced cycles. Additionally, a positive and
significant correlation was found between
the lenght of endometrial edema and both
the interval between ovulation and the
interval from PG treatment to ovulation
(Mateu-Sanchez et al, 2016). In the study by
Grabowska and Kozdrowski, there was a
significant relationship between the level of
progesterone at 14 days post ovulation and
the presence of endometrial edema
observed at estrus. Sometimes, lack of
sufficient endometrial edema at estrus has
been related to low progesterone
concentration 14 days post-ovulation
(Grabowska and Kozdrowski, 2022).

Upon our results, a positive and
significant  correlation was detected
between pregnancy and the size of the
dominant follicle before mating. The
diameter and growth rate of the follicle
before ovulation at the beginning of estrus
can affect the duration of estrus until
ovulation in mares. It has been
demonstrated that the size of the dominant
follicle significantly affects the intensity of
estrus in mares (Grabowska and
Kozdrowski, 2022).

The results of the present study support
the effectiveness of using a combination of
flunixin meglumine and carbetocin to treat
persistent-mating endometritis in mares.
Considering that, carbetocin has a longer
duration of action than oxytocin and does
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not have the side effects mentioned in
previous the studies, it is probably a suitable
option for persistent-breeding-induced
endometritis treatment in mares. However,
more studies especially on more severe or
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