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Abstract

This manuscript addresses some of the factors that affect the severity of the inflammatory response after breeding. At the time of breeding or
insemination the uterus is exposed to seminal components, bacteria and debris. This results in an inflammatory response characterized by
the influx of polymorphonuclear neutrophils (PMN) into the uterine lumen. A review of the recent literature was carried out in order to take
stock of the situation on how age of mare and reproductive status, seminal plasma, insemination dose and site of insemination, type of semen
and number and timing of insemination influence this phenomenon. The comparison of the data shown in the studies demonstrates that at
least in normal mares there is no disadvantage to insemination more than once in a cycle and if semen is available for two inseminations,
then the management of the mares with frozen semen can be similar to that used for cooled semen or those bred naturally.
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Welche Faktoren beeinflussen die uterine entzündliche Reaktion auf das Sperma? 

In diesem Artikel werden einige Faktoren aufgeführt, die den Schweregrad der entzündlichen Reaktion des Endometriums nach der Be -
deckung beeinflussen. Durch den Deckakt oder die Insemination wird der Uterus den Komponenten des Spermas, Bakterien und Verun-
reinigungen ausgesetzt. Das Ergebnis ist eine entzündliche Reaktion, die durch Einwanderung neutrophiler Granulozyten in das Lumen cha-
rakterisiert ist. Anhand aktueller Literatur wird eine Bestandsaufnahme erstellt, inwieweit das Alter und der Reproduktionsstatus der Stute,
das Seminalplasma, die Menge und Lokalisation der Insemination, Spermaart sowie Anzahl und Wahl des Zeitpunktes der Insemination
dieses Phänomen beeinflussen. Vergleicht man die Ergebnisse der Studien, zeigt sich, dass sich zumindest bei der normalen Stute durch die
mehrmalig in einem Zyklus erfolgte Insemination kein Nachteil ergibt. Auch in dem Fall, dass Sperma für zwei Inseminationen zur Verfü-
gung steht, ist das Management der mit gefrorenem Sperma besamten Stuten ähnlich dem nach Verwendung von gekühltem Sperma oder
nach Natursprung.

Schlüsselwörter: Sperma / Endometritus / Stute / Reproduktion

Introduction

At the time of breeding or insemination the uterus is exposed
to seminal components, bacteria and debris. This results in an
inflammatory response characterized by the influx of poly-
morphonuclear neutrophils (PMN) into the uterine lumen.
The purpose of the inflammation is to clear from the uterus
defective and excess sperm, and other contaminating agents.
The influx of PMNs into the uterine lumen results in phagocy-
tosis of sperm, bacteria and release of prostaglandin, which
causes uterine contractions. This inflammation is quickly cle-
ared from the uterus within 36 hours. In fact, in most mares
that are resistant to delayed post breeding endometritis, the
uterus is clear of fluid by 24 hours with the peak of PMNs and
uterine fluid occurring at 12 hours after insemination. It has
often been stated that insemination of mares with frozen
semen results in a greater inflammatory response However
there are limited data on the response of the mare`s uterus
to various types of semen. This manuscript addresses some of
the factors that affect the severity of the inflammatory respon-
se after breeding.

Age of Mare and Reproductive Status

Barbacini at al. in 2003 reported that 17% of the mares 3 to
9 years of age had uterine fluid after insemination with frozen

thawed semen versus 28% of the mares 10 to 16 years of age
and 68% of the mares greater than 16 years of age. The pre-
sence of fluid in older mares dramatically decreased preg-
nancy rate. In contrast when infertile or aged mares were
excluded from this study, the incidence of fluid after insemi-
nation with frozen thawed semen was 16%, which is identical
to the report of Watson at al. (2001) for mares naturally
mated. This is in contrast to Guvenc et al. 2004, who com-
pared uterine fluid accumulations in young versus old mares
inseminated with frozen semen. They reported that the rate of
inflammation did not differ between the two groups of mares.
Barbacini et al. 2003, in a retrospective study of mares inse-
minated with frozen semen, reported that barren mares had
more uterine fluid (38%) versus maiden mares (19.7%) and
foaling mares (17.8 %). The presence of uterine fluid after
insemination of frozen semen decreased pregnancy rates in
the foaling mares (44% vs 68%). Recently, Barbacini et al.
2008 reported higher pregnancy rates, for mares less than 16
yr old versus greater than 16 yr, when inseminated with fro-
zen semen. Treatment of mares with oxytocin or uterine lava-
ge improved pregnancy rates after insemination with frozen
semen. Thus the age of the mare and reproductive status of
the mare at the time of breeding has an influence on the
amount of uterine fluid after breeding. Obviously mares in
these two categories( barren and old) would need to be trea-
ted for fluid accumulations in order to improve fertility. 
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Role of Seminal Plasma

One of the reasons it has been suggested that frozen thawed
semen results in a greater inflammatory response is the fact
that the majority of seminal plasma is removed from semen
prior to freezing. Troedsson et al. 2002 demonstrated that the
addition of seminal plasma in vitro, reduced the binding of
the neutrophils to sperm. The same investigators further
demonstrated that seminal plasma selectively reduces the
binding of live sperm to PMN while enhancing the binding of
PMN to dead sperm. They also demonstrated that if insemi-
nation was made into an inflamed uterus, the complete remo-
val of seminal plasma from the inseminate resulted in a very
low pregnancy rate. These studies together emphasize the
role of seminal plasma in modulating the post- breeding
inflammation. However, with frozen semen approximate 5%
seminal plasma is still remaining after processing for freezing
and this may be enough seminal plasma to modulate the
inflammatory response. This would suggest that the inflam-
matory response after insemination or frozen thawed semen
may be more a function of sperm number and concentration
versus the lack of seminal plasma.

Insemination Dose and Site of Insemination

Katila (2005) reported that insemination of high sperm num-
bers in a small volume resulted in greater inflammatory
response then low sperm numbers in high volume. Guvenc et
al. (2005) conducted a study to compare the inflammatory
response of mares inseminated with low or high numbers of
sperm of frozen semen into the uterine horn or uterine body.
Thirty two mares were inseminated with either 20 million or
200 million sperm in .5ml in uterine body versus 20 million
or 200 million in .5 ML in the uterine horn. They sampled the
mares for presence of uterine fluid and numbers of PMN, 24
hours after insemination. The treatment group inseminated
with 20 million sperm into the uterine horn had less fluid than
all other groups whereas the number of PMNs was the same
among the four groups. They concluded that the insemination
of low numbers of sperm into the uterine horn was the pre-
ferred method for minimizing the inflammatory response.
More importantly they concluded that deep horn insemination
did not increase the risk of post- breeding endometritis. Sie-
me et al. (2004) reported no difference in uterine fluid accu-
mulation between mares inseminated with a hysteroscope
versus deep horn insemination using a flexible catheter. Per
cycle pregnancy rates of mares inseminated with frozen
semen was lower than that for mares inseminated with fresh
semen, in problem mares but not in  normal mares. He con-
cluded that the lower pregnancy rates in problem mares with
frozen semen were not due to a difference in the inflammato-
ry response. Others have provided information that the
amount of inflammation is dependent upon sperm concen-
tration, with higher concentrations causing a greater inflam-
matory response. More recently, Fiala et al. (2007) determi-
ned the influence of sperm concentration on the intensity of
uterine inflammation at 2, 4 and 24 hours after insemination
of cooled semen. Mares were inseminated with semen diluted
to 5, 25 or 50 million per milliliter suspended in 17 ml of
skim-milk extender +3 ml of seminal plasma. Controls inclu-
ded a group of non-inseminated mares and those insemina-
ted with either skim milk or seminal plasma alone. Seminal

plasma increased uterine inflammation relative to controls at
two hours and skim milk increased uterine inflammation rela-
tive to controls at four and 24 hours. Inflammation was
dependent upon sperm concentration with a higher concen-
tration causing the greatest inflammatory response. 

Type of Semen

Although it is often stated that insemination of mares with fro-
zen thawed semen results in a greater inflammatory respon-
se, studies in which mares are inseminated with various types
of semen and the inflammatory response determine are quite
limited. Kotilainen et al. (1994) compared the inflammatory
reaction induced in the uterus by insemination with fresh and
frozen semen. They used 11 groups, 6 to 8 mares per group
over two breeding seasons. They examined whether compo-
nents of the extender, enzymes from damage sperm, or high
concentrations in low volumes were the primary cause of ute-
rine inflammation. Forty seven cycling, nonlactating mares
and three stallions were used in the study. Six hours after the
treatment, mares were palpated and ultrasounded for uterine
fluid. PMN from fluid recovered from the mare’s uterus was
counted. The least amount of PMN in the uterus was caused
by infusion of PBS, supernant from centrifuging frozen semen,
skim milk extender, and egg yolk extender. Interestingly, the
number of PMN was similar for mares inseminated with fro-
zen semen, frozen semen plus seminal plasma and concen-
trated fresh semen. They concluded that the components of
the extenders (Skim milk, Egg yolk, glycerol) were not respon-
sible for the inflammatory response and neither was the enzy-
mes released from the frozen/ thawed sperm. Highly concen-
trated sperm whether fresh or frozen/thawed caused the gre-
atest inflammatory response. Diluting the frozen/thawed
sperm in 30 ml of skim milk extender decreased the inflam-
matory response. Fertility trails are needed where frozen
semen is diluted in extender in order to decrease the concen-
tration and increase the volume.

Recently data (unpublished) were made available from two
affiliate labs of Select Breeder Service. These two labs froze
semen under the same protocol and provided data where
mares were inseminated with fresh, 24 hr cooled, or frozen
semen. Unfortunately the numbers of mares in each semen
group were not equal and mares were only inseminated with
one semen type. However, of 76 mares bred with fresh
semen, 72% were pregnant on that cycle, and 28% had ute-
rine fluid 24 hr after breeding. This compares to 11 of 11
becoming pregnant with cooled semen and 36% having ute-
rine fluid and 61 of 89 bred with frozen semen (69%) beco-
ming pregnant after one cycle and 11% of mares  having ute-
rine fluid. Since this are field data it is hard to make statisti-
cal comparisons but it seems safe to say that frozen semen
did not decrease pregnancy rates or increase the incidence of
uterine fluid 24 hr after insemination

Number and Timing of Insemination

Depending on the quantity of semen made available, mares
are inseminated either once or twice during the cycle. By inse-
minating twice during the cycle mares only need to be exa-
mined with ultrasound once per day similar to the manage-
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ment of mares inseminated with cooled semen. However the-
re are two reasons why breeders choose to breed only once
during the cycle: cost of the semen and fear of a greater
inflammatory response with two inseminations with frozen
semen in one cycle. Numerous studies have shown that the
fertility of mares inseminated twice during the cycle with fro-
zen semen was similar to that of mares inseminated once
(Barbacini et al. 2008, Loomis and Squires (2005). Based on
several hundreds of mares, Loomis and Squires (2005) repor-
ted a 51.5% and 51.7 % per cycle for mares bred once ver-
sus two or more times in the cycle. In another group of mares,
in the same study, pregnancy rates per cycle were also simi-
lar for once versus two time AI ( 47% vs. 46%). Also the inci-
dence of uterine fluid post-breeding was similar for the two AI
groups (one-23%;twice-23%). These results are supportive of
others that have reported higher pregnancy rates with 2 inse-
minations per cycle (Samper et al. 2005). It is common in
France (Vidament et al. 1997) to inseminate mares with fro-
zen semen daily after administration of an ovulatory agent
and until ovulation. Metcalf (2000) conducted a study to
determine the fertility of the second dose of semen in mares
inseminated twice during the cycle with frozen semen. Thirty
six to 40 hr after hCG, mares were inseminated with frozen
semen from stallion A then 6-10 hr after the first insemination
they were inseminated with frozen semen from stallion B.
Parentage of the foals was determined by DNA. Eight of 11
were pregnant after once cycle and one mare was pregnant
after 3 cycles of breeding. The sire of the foals was stallion A
in 4 cases and stallion B in 5 cases. She concluded that post-
breeding endometritis from the first AI was not detrimental to
the fertility of a second dose.

The uterine response to multiple inseminations was studied
further by Card et al. 2004. Thirty-three mares were assigned
to one of three groups: nonbred, single insemination or two
inseminationwith frozen semen. Sample of uterine fluid were
collected at 24, 48, 72, 96 (groups 1 and 2) and 24 hr
(groups 3) after insemination Scores were developed for
debri, bacteria and PMN in the uterine flushing. Within
groups 1 and 2 there no time effects for these parameters
suggesting sampling between 24 and 96 hr gave similar
results. Bacterial scores, debris and numbers of PMN were
similar for mares inseminated once versus twice in a cycle.
These studies combined demonstrate that at least in normal
mares there is no disadvantage to inseminationmore than
once in a cycle and if semen is available for two insemina-
tions then the management of the mares with frozen semen
can be similar to that used for cooled semen or those bred
naturally.
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