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Summary

A total of 342 breeding cycles [262 lactating (L), 80 barren (B)] in 237 mares were evaluated. The effect of the following variables on preg-
nancy (14 and 42 days) was analysed using a general linear model system. Each cycle was randomly assigned to one of the following treat-
ments: untreated control (T1); oxytocin (20 1U, i.v.), administered 0 and 12 to 16 h after breeding (T2); intrauterine infusion of leukocyte-en-
riched plasma (120 ml) 12 to 16 h after breeding (T3); combined treatment of oxytocin (20 IU, i.v.) administered 0 h after breeding and leu-
kocyte-enriched plasma infused 12-16 h after breeding/insemination The early pregnancy rate per cycle was significantly higher (p < 0.05) in
barren mares treated with plasma containing leukocytes (78.6%) than in mares treated with oxytocin (50.0%) and in control mares (52.0%),
but they did not differ from pregnancy rates obtained in mares treated with the combined treatment (69.2%, T4). The different treatments
(T2, T3, T4) did not affect significantly (p > 0.05) the pregnancy rate per cycle in lactating mares when compared to control group. It was
concluded that the infusion of leukocyte-enriched plasma improves pregnancy rate per cycle in barren mares.
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Oxytocinapplikation und leukozytenhaltige Plasmainfusion sowie Kombinationen beider Verfahren zur Endometritisbehandiung
nach der Belegung beim Pferd

Ziel der Arbeit ist es, den Effekt von Oxytocin oder infundiertem leukozytenangereichertem Plasma bzw. deren Kombination auf die durch die
Belegung hervorgerufene Endometritis zu ermittein. Untersucht wurden insgesamt 342 Zyklen (laktierend: n = 263; gust: n= 80) von 237
Stuten. Eine Trachtigkeitsuntersuchung erfolgte am 14. und 40. Tag post ovulationem, die Ergebnisse wurden anhand des allgemeinen li-
nearen Modells statistisch analysiert. Die Stuten wurden randomisiert folgenden Behandlungsgruppen zugeteilt: T1: keine Behandlung -
Kontrolle, T2: Oxytocinapplikation (20 1U, i.v.) 0 und 12-16 Stunden nach der Belegung, T3: intrauterine Infusion von 120 ml leukozytenan-
gereichertem Plasma 0 und 12-16 Stunden nach der Belegung, T4: Oxytocinapplikation (20 1U, i.v.) O Stunden nach der Belegung und Infu-
sion von leukozytenangereichertem Plasma 12-16 Stunden nach der Belegung.

Bei gusten Stuten, die mit einer leukozytenangereicherten Plasmainfusion behandelt worden waren, war die Trachtigkeitsrate (78,6%) signifi-
kant héher (p < 0,05) als die der Kontrollen (52,0%) und die derjenigen Stuten, bei denen Oxytocin appliziert worden war, unterschied sich
jedoch nicht von der Rate, die nach Kombinationstherapie erzielt wurde (69,2%). Bei Stuten mit Fohlen bei FuB flhrte im Vergleich mit den
Kontrollen keine der durchgeflhrten Behandlungen zu einer Anhebung der Trachtigkeitsrate (p > 0,05). Es wird die SchluBfolgerung gezo-
gen, daB bei gusten Stuten die Trachtigkeitsrate pro Zyklus durch eine Infusion mit leukozytenangereichertem Plasma erhoht werden kann.

Schlisselworter:

Introduction

Reproductive efficiency in horses is low compared to other
domestic species, with yearly pregnancy rates ranging from
50 to 60% (Ginther, 1992). Maintenance of a uterine environ-
ment compatible with embryonic and fetal life is necessary to
improve fertility (Asbury, 1987). Contamination of the uterus
with micro-organism during breeding or parturition can lead
to inflammation of the endometrium, which disrupts the ute-
rine environment and is detrimental to fertility. A transient
acute endometritis commonly occurs after breeding or artifi-
cial insemination, as a result of an inflammatory reaction
against bacteria and spermatozoa (Kotilainen et al., 1994;
Troedsson et al., 1995). This should be considered as a phy-
siological process that leads to the removal of excess sper-
matozoa, seminal plasma and contaminants prior to the ent-
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ry of the embryo into the uterus (Troedsson, 71997). In fertile
mares resistant to endometritis, fast clearance of contami-
nants from the uterus causes this postbreeding endometritis
to subside within a few hours or days. In contrast, mares
susceptible to endometritis have high embryonic mortality
and poor pregnancy rates because they are unable to com-
pletely clear contaminants from the uterus.

Several postbreeding treatments to improve fertility have
been recommended. These treatments are intended to re-
duce uterine inflammation and contamination, restoring a
uterine environment capable of supporting pregnancy.
Treatments include antibiotics, uterine lavages, uterotonic
drugs, and infusion of homologous plasma enriched or not
with leukocytes.
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Objective was to determine whether postbreeding treat-
ment of barren and lactating mares with an intrauterine infu-
sion of plasma with leukocytes, oxytocin, or a combination
of both would improve pregnancy rates.

Materials and methods

Animals

Estrous cycles (n=342) of 237 mares were used. Lactating
and barren mares accounted for 262 and 80 cycles, res-
pectively. Barren mares were classified as susceptible or
resistant to endometritis prior to treatment. History of recur-
rent endometritis was the criterion used to classify mares
as susceptible.

Plasma with leukocytes

Blood (270 ml) was collected from the jugular vein into
a graduated cylinder containing anticoagulant (heparin,
10 1U/mi of blood) 1h prior to infusion of plasma. Sponta-
neous separation of plasma from blood cells was allowed
to occur. A solution of dextrose (100 ml, 6% w/v) was ad-
ded slowly to the separated blood to cause floatation of
leukocytes into the plasma fraction. Floatation occurs within
30 min of addition of dextrose. The plasma fraction with
leukocytes (> 5000 leukocytes/mm3) was aspirated and in-
fused immediately into the uterus.

Reproductive management

Teasing for detection of estrus was performed daily. When
estrus was detected, mares were submitted to daily exami-
nations of the uterus and ovaries by rectal palpation and ul-
trasonography. Ovarian structures observed were recorded
in every examination. When a preovulatory follicle (> 35mm)
was detected, examinations were ceased and mares were
either naturally bred or artificially inseminated. Semen
collected for artificial insemination was extended with skim
milk (1+2, semen/extender). Insemination dose contained
at least 500 x 108 sperm/mli, and concentration of sperm
ranged from 25 x 106 to 50 x 106/ml.

Treatments

Each cycle was randomly assigned to one of the following
treatments: untreated control (T1); oxytocin (20 U, i.v.) ad-
ministered 0 and 12 to 16 h after breeding (T2); intrauterine
infusion of plasma with leukocytes (120 mil) 12 to 16 h after
breeding (T3); combined treatment of oxytocin (20 U, i.v.)
administered O h after breeding and plasma with leukocytes
infused 12 to 16 h after breeding or insemination. Breeding
and treatments were repeated every 48 h until ovulation
was detected.

Pregnancy diagnosis was performed by ultrasonography 14
and 40 days (d14 and d40) after ovulation (d0). Embryonic
loss was calculated using the difference between pregnan-
cy rates detected on d14 and d40. Mares diagnosed open
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were randomly reassigned to a treatment and treated in the
following estrus.

Statistical analysis

Data were analysed using chi-square and logistic regres-
sion analyses. The dependent variable was pregnancy rate
at d14 and independent variables included treatment, age,
history of endometritis, and method of breeding. Analysis of
variance was used to test the effect of age. Means were
compared using Tukey’s test, and differences were consi-
dered significant at P = 0.05.

Results

Mean age of lactating mares was 8.9+3.4 years. Mean age
of lactating mares in the different treatment groups did not
differ (P > 0.05). Barren mares in T3 were older than mares
inT1 (12.2+4.4 vs. 8.8+3.4 years, P < 0.05). Age of barren
mares in T2 (10.1+4.0 years) and T4 (10.2+£3.9 years) did
not differ from age of mares in T3 and T1.

Pregnancy rates of lactating mares and barren mares on
d14 were 54.3% and 63.8%, respectively (table 1).

Tab. 1: Day 14 pregnancy rates according to treatment in bar-
ren and lactating mares

Trachtigkeitsrate am Tag 14 in Abh&ngigkeit von der
Therapie glster und laktierender Stuten.

Treatments Barren Mares | Lactating Mares
n % n %

T1 (Control) 25 52.02 84 £63.128

T2 (Oxytocin) 10 50.02 54 42,60

T3 (plasma+leukocytes) 28 78.6° 73 54.8a

T4 (plasma +leukocytes | 17 64,73 51 47‘1b

+oxytocin)

a,b means within columns bearing different superscripts differ (p < 0.05)

Pregnancy rates on day 14 of susceptible and resistant ma-
res are presented in table 2.

Tab. 2: Day 14 pregnancy rates according to treatment and sus-
ceptibility to endometritis

Trachtigkeitsrate am Tag 14 in Abhéangigkeit von der
Therapie und der Empfanglichkeit der Endometritiden.

Treatments Barren Mares | Lactating Mares
n % n %

T1 (Control) 9 33.3° 11 54.52

T2 (Oxytocin) 5 k40.03 3 66.72

T3 (plasma-+leukocytes) 13 692b 12 83.3P

T4 (plasma +k|euk‘<ljcytes 8 . 50.0@ 7 a 71.4b

+oxytocin)

a,b means within columns bearing different superscripts differ (p < 0.05)
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Mares were either bred naturally or artificially inseminated.

Pregnancy rates obtained using the two breeding methods

are presented in table 3.

Tab. 3: Day 14 pregnancy rates according to treatment and
breeding method

Trachtigkeitsrate am Tag 14 in Abhangigkeit von der
Therapie und der Zuchtmethode.

Treatments Artificial Natural

Insemination breeding

n % n %
T1 (Control) 69 65.284 9 33.328
T2 (Oxytocin) 40 35.00 8 50.0pA
T3 (plasma-+leukocytes) 61 55.78A 10 60.00A
T4 (plasma +leukocytes | 38 36.8vA 11 72.708
+oxytocin)

a,b means within columns bearing different superscripts differ (p < 0.05)
A,B means within rows bearing different superscripts differ (p < 0.05)

Embryonic mortality between d14 and d40 of pregnancy in
barren mares (12.0%) and in lactating mares (22.8%) did
not differ (P > 0.05). Treatments did not affect embryo mor-
tality (P > 0.05). Pregnancy rate of mares bred during foal
heat (n=112) was 24.0% (n=18).

Discussion

Pregnancy rates of untreated barren mares (T1) was lower
than those of treated mares (52% vs. 69,1%). However,
pregnancy rates of untreated lactating mares (T1) were
higher (63.1%) than those of treated mares. This suggests
that treatments improve pregnancy rates in barren mares
but not in lactating mares.

Use of oxytocin alone in barren mares did not improve
pregnancy rates relative to the control group. However, re-
sults were improved when oxytocin (T2) was used in com-
bination with plasma with leukocytes (T3). The highest
pregnancy rates were obtained when plasma with leu-
kocytes was used (T3, 75%). So, oxytocin (T2) not only did
not improve pregnancy rates when used alone, but also re-
duced pregnancy rates when combined with plasma and
leukocytes (T4).

These results are reinforced by the fact that mares treated
with plasma with leukocytes (T3) were older than those in
the other groups (P > 0.05). Older mares have decreased
fertility (Vanderwall and Woods, 1992) due to degenerative
and inflammatory lesions of the endometrium (Bracher et
al., 1997, Schoon et al., 1997), to increased embryonic
mortality (Woods et al., 1987), to a greater tendency to ac-
cumulate fluid in the uterus, and to a reduced uterine con-
tractility (Carnevale et al., 1993). Pregnancy rates obtained
with plasma with leukocytes (T3) were significantly higher
than those of the other treatment groups.

Pregnancy rates in susceptible barren mares treated with
plasma with leukocytes (T3) were higher than those of un-
treated resistant mares (T1). Similarly, pregnancy rates
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were also improved in resistant mares treated with plasma
with leukocytes (T3) and/or with plasma with leukocytes
and oxytocin (T4). This suggests that resistant mares may
have failures of the uterine defence mechanisms.

Greater pregnancy rates observed in mares treated with
plasma with leukocytes (T3) are probably due to an im-
provement in opsonization and phagocytosis, which
caused a faster clearance of pathogenic bacteria. The sup-
plemental opsonins present in plasma may have allowed in-
creased opsonization of micro-organisms by phagocytes
already present in the uterus and by those infused with
plasma. Neutrophils obtained from peripheral blood are fully
functional (Liu et al., 1985). Separation of leukocytes using
a 6% dextrose solution causes adhesion of platelets to
neutrophils. Presence of platelets in the infused plasma
may have increased phagocytic activity and inhibited
leukocyte death by apoptosis (Zalavary et al, 1996;
Andonegui et al., 1997).

Infusion of fluid into the uterus can also stimulate myometri-
al contractions (Jones, 7995). Indeed, the uterus tends to
eliminate any infused content. In the case of plasma, myo-
metrial contractility may be stimulated by proteins and su-
gars, or by prostanoids secreted by neutrophils activated
during inflammation (Troedsson et al., 1993a). Infusion of
dextrose, used in the separation of leukocytes, could re-
duce uterine inflammation and prevent bacterial adhesion.
Infusion of 5% mannose in the uterus has been shown to
prevent bacterial adhesion and to reduce inflammation of
the equine endometrium (King et al., 1998).

Repeated injections of oxytocin at 0 and 12 to 16 h after
breeding did not improve pregnancy rates of barren mares
relative to the control group (T1). Similar findings were re-
ported by Rigby et al. (1999) when injection of oxytocin im-
mediately after insemination failed to improve pregnancy
rates. Treatment with oxytocin (T2) was intended to stimu-
late uterine contractility and improve pregnancy rates, es-
pecially in susceptible mares. Susceptible mares have been
shown to have myometrial contraction of short duration and
delayed onset in response to an experimental infection
(Troedsson et al., 1993b). However, in this study, pregnan-
cy rates of susceptible mares were not improved by any
treatment with oxytocin (T2, T4). Similarly, oxytocin (T2) did
not improve pregnancy rates in resistant mares.

Treatment of barren mares with oxytocin (T2) did not affect
pregnancy rates. It is possible that pregnancy rates could
be improved if oxytocin was injected 4 to 8 h after breeding
(LeBlanc et al., 1994, Rasch et al., 1996). Pregnancy rates
of barren mares were improved by infusion of plasma with
leukocytes (T3), probably because of an improvement of
uterine cellular and humoral immunity.

in lactating mares, greater pregnancy rates were observed
in mares treated with plasma with leukocytes (T3) and in
untreated mares (T1). This is in agreement with Mattos et
al., 1997. Use of oxytocin (T2) reduced pregnancy rates re-
lative to the control group. These results suggest that most
lactating mares do not have deficiencies in cellular and hu-
moral immune mechanisms involved in eliminating post-
breeding inflammation.
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The use of ecbolic drugs is detrimental to fertility in lactating
mares. It is possible that administration of oxytocin imme-
diately after breeding decreased sperm transport to the ovi-
duct. The fact that oxytocin (T2) decreased pregnancy
rates in lactating mares, but not in barren mares, may be
related to the fact that many barren mares have defects in
uterine contractility. Administration of oxytocin in mares
with defective contractility may not interfere with sperm
transport.

These findings are supported by the results observed in
mares bred naturally and in mares artificially inseminated. In
inseminated mares, pregnancy rates were lower when ani-
mals were treated with oxytocin or with the combination of
oxytocin and plasma with leukocytes. In contrast, mares
bred naturally treated with any treatment had improved
pregnancy rates relative to the control group. Since the
number of spermatozoa deposited in the uterus is smaller
when mares are inseminated artificially, it is possible that
uterine contractions induced by oxytocin cause evacuation
of spermatozoa from the uterus to the vagina. When mares
are bred naturally, a more intense inflammatory reaction fol-
lows because of the greater number of spermatozoa depo-
sited in the uterus (Katila, 7995). It is possible that the use
of oxytocin (T2), plasma with leukocytes (T3), or a combina-
tion of oxytocin and plasma with leukocytes (T3) result in fa-
ster elimination of uterine inflammation either by the myo-
metrial action of oxytocin or by the humoral and cellular ac-
tion of plasma and leukocytes.
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