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Summary

Transportation of viable spermatozoa to the oviduct is a rapid process that is completed within 4 hours of breeding. Uterine contractions
play a major role in this process, but other mechanisms such as sperm motility, epithelial cilia and a possible effect of seminal PGE on the
utero-tubal junction may also be involved. Only a small portion of inseminated or ejaculated semen reach the oviduct. The majority of
spermatozoa needs to be effectively eliminated from the uterus before the embryo descends down from the oviduct to the uterine lumen
approximately 5 days after fertilization. Myometrial contractions and semen-induced inflammation are responsible for this process. Recent
data suggest that sperm elimination from the uterus is a selective process, targeting dead spermatozoa, while viable spermatozoa are pro-
tected from PMN-binding and phagocytosis by a specific seminal plasma protein.
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Spermientransport und -elimination im Reproduktionstrakt der Stute

Der Transport lebensféhiger Spermatozoen zum Eileiter ist ein sehr schneller Vorgang, der innerhalb von 4 Stunden nach der Bedeckung
abgeschlossen ist. Dafir sind hauptsdchlich die uterinen Kontraktionen verantwortlich, jedoch spielen auch andere Mechanismen wie Moti-
litat der Spermien, epitheliale Zilien und ein méglicher Effekt seminalen PGE’s auf die utero-tubale Verbindung eine Rolle. Lediglich ein
kleiner Anteil des inseminierten bzw. ejakulierten Spermas erreicht den Eileiter. Der Hauptanteil der Spermien muss effektiv aus dem Ute-
rus eliminiert werden, bevor der Embryo vom Eileiter in den Uterus ungeféhr am finften Tag nach der Befruchtung herabgewandert ist. Fur
die Elimination sind myometriale Kontraktionen und eine spermainduzierte Entzindung verantwortlich. Neueste Forschungsergebnisse spre-
chen dafir, dass die Spermienelimination ein selektiver Prozess ist und gezielt tote Spermatozoen betrifft, wihrend lebensféhige Spermato-

zoen durch ein spezifisches Seminalplasmaprotein vor einer PMN-Bindung und Phagozytose geschitzt sind.

Schlusselwérter: Pferd, Reproduktion, Spermientransport, Endometritis, Samen, Uterus

Introduction

Semen is deposited into the equine uterus during both natu-
ral breeding and artificial insemination. As a result of the stal-
lion ejaculating into the uterine lumen, rather than into the
vagina, natural breeding in horses often results in bacterial
contamination of the uterus. Following deposition info the
uterine lumen, spermatozoa are transported to the oviduct by
a combination of uterine motility, sperm motility, and epithe-
lial cilia activity. Only <1% of inseminated spermatozoa are
successfully transported to the site of fertilization in the ovi-
ducts (Scott et al. 1995, Bader and Krause 1980). The low
yield of spermatozoa in the oviduct from an insemination
dose is further decreased after insemination with frozen/
thawed semen (Bader and Krause 1980).

Since only a small portion of the inseminated or ejaculated
semen is tfransported to the oviduct, most of the ejaculated
spermatozoa, together with seminal plasma and contamina-
ting bacteria have to be effectively eliminated from the uterus
shortly after the completion of sperm transport to the oviduct.
Uterine contractions are involved in this process, but the inna-
te immune system also plays an important role in the elimi-
nation of sperm and bacteria from the uterus (Bader and
Krause 1980, Troedsson et al. 1995b, Troedsson 1999, Kati-
la et al. 2000). The objective of this review is to summarize
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our current understanding on the transport of viable sperma-
tozoa to the oviduct, and the timely elimination of excess
spermatozoa and bacteria from the uterus.

Sperm transport

Increased myometrial contractions associated with breeding
appears to be an important component of sperm transport to
the oviducts (Kafila et al. 2000) and is also responsible for
rapid sperm elimination from the uterus through the cervix. Two
phases of myoelectrical activity has been observed following
insemination (Troedsson et al. 1998). An immediate period of
myometrial contractions of short duration, followed by a later
phase of contractions of several hours duration was recorded
in response fo insemination (Figure 1). The mechanism of myo-
metrial response to insemination was not determined. Howe-
ver, the first phase of myometrial contractions coincided with
stimulation of the vagina and the cervix, with a possible release
through the Ferguson reflex. Furthermore, the introduction of
semen info the uterine lumen may affect the myometrium
through seminal estrogen and prostaglandins. Oxytocin is rele-
ased from the pituitary gland in response to physical contact
with a stallion, as well as stimulation of the vagina and the cer-
vix during artificial insemination (Alexander et al. 1995, Madill
et al. 2000). These stimuli also induce myometrial contrac-
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tions, as measured by electromyography (Taverne et al. 1979,

Troedsson et al. 1998, Madill et al. 2000).

A rapid transport of a small number of spermatozoa through
the female tract into the peritoneal cavity following mating
has been described in several species, but not equines (Phil-
lips and Andrews 1937, VanDenmark and Moeller 1951,
Overstreet and Cooper 1978). The time for equine sperma-
tozoa to reach the oviduct following breeding is apparently
still relatively short. Spermatozoa have been identified in the
oviduct within 0.5 -1 hour after insemination, and sperm
transport is thought to be completed within 4 hours after
breeding (Bader 1982, Brinsko et al. 1990, Brinsko et al.
1991, Scott et al. 1995, Scott et al. 2002, Fiala et al. 2008).
Interestingly, spermatozoa have been found in uterine glands
1 hour after insemination (Fiala et al. 2008). The authors
suggested that the uterine glands may serve as an additional
sperm reservoir besides the oviductal isthmus and the utero-
tubal junction (Thomas et al. 1994, Scott et al. 2002). In
addition to its role as a preovulatory sperm reservoir, the ute-
ro-tubal junction serves as a major barrier for spermatozoa to
reach the oviduct. It is not clear if transport through the equi-
ne utero-tubal junction is passive, or if it involves a selection
for normal and motile spermatozoa. A greater fraction of
morphological, motile sperm was found in the oviduct when
mares were bred to a fertile stallion, compared to mares bred
to subfertile stallions (Scoft et al. 1995). However, this may
have been the result of superior binding of normal spermato-
zoa to the oviductal epithelium, rather than a failure of
abnormal sperm to cross the utero-tubal junction (Thomas
and Ball 1996). Prostaglandin E (PGE) plays a role in the
transport of embryos through the oviduct, and it was hypo-
thesized that seminal PGE also may be responsible for trans-
port of spermatozoa across the oviduct (Troedsson et al.
2005). The authors observed a greater number of spermato-
zoa in the oviduct following hysterendoscopic insemination of
24 x 10 spermatozoa if the inseminate contained 2 ng/mlL
of PGE2, compared to inseminations without PGE2. The con-
centration of PGE2 in the inseminate was based on measu-
rement of PGE2 in semen from stallions with normal fertility.
However, the number of mares participating in the study was
small, and the results should be interpreted with caution.

Binding of spermatozoa to oviductal epithelial cells appears
to extend their viability (Ellington et al. 1993, Thomas and
Ball 1996), and intracellular calcium concentrations were
maintained at basal levels in spermatozoa attached to the
oviduct, preventing them from undergoing capacitation
(Dobrinski et al. 1996). Cryopreservation of equine semen
alters the ability of spermatozoa to bind to the oviductal epi-
thelium in vitro, and the ability of frozen/thawed to reach the
oviduct may also be impaired (Dobrinski et al. 1995, Bader
and Krause 1980). This may explain clinical observations that
frozen/thawed semen needs to be inseminated very close to
ovulation, while fresh semen maintain fertility for days in the
mare’s reproductive tract.

Sperm elimination
Increased myometrial contraction is responsible for elimina-

tion of excess spermatozoa and contaminating bacteria from
the uterus through the cervix. However, not all excess sper-
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matozoa are removed through this mechanism. Semen indu-
ces an inflammatory reaction in the uterine lumen (Kofilainen
et al. 1994, Katila 1995, Troedsson et al. 1995b, Troedsson
et al. 1995a, Troedsson et al. 2002). This mechanism invol-
ves a cascade of inflammatory reactions. In vitro studies sug-
gest that when equine spermatozoa entfer the uterus, they
activate complement in uterine secretion (Troedsson et al.
1995b, Troedsson et al. 2002), resulting in an influx of PMNs
into the uterine lumen. Activated PMNs bind to spermatozoa
in the presence of complement factor C3b, and a comple-
ment independent mechanisms (Dahms and Troedsson
2002). The nature of this binding is unknown, but observa-
tions suggest that it is mediated by both the extrusion of DNA
from PMNs forming extracellular neutrophil traps (NET), and
a traditional ligand receptor binding (Brinkmann et al. 2004;
Alghamdi and Foster 2005). Following binding, the sperma-
tozoa are phagocytosed by the PMNs. During the activation
of PMNs, prostaglandin F2a (PGF2a) is released from the
cell membrane by the metabolism of arachidonic acid via the
cycloxygenase pathway. In addition to being an inflammatory
mediator, PGF2a. causes contraction of smooth muscle,
including the myometrium (Troedsson et al. 1995¢). There is
a tfemporal association between the breeding-induced inflam-
mation, and the second phase of increased myoelectrical
activity that is observed after insemination (Figure 1).
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Fig. 1 Total myoelectrical activity (% of time activity was recorded)
following insemination of a mare. Insemination resulted in an imme-
diate increase in myoelectrical activity that lasted for 0.5 hours. Fol-
lowing return to baseline, myoelectrical activity increased in a second
phase that started 4 hours after insemination and lasted for more
than 8 hours. (Adapted from Troedsson et al, 1998).

Totale myoelektrische Aktivitét (gemessene Prozent der Zeitaktivitéit)
nach Insemination einer Stute. Nach der Insemination erfolgt ein
sofortiger Anstieg der myoelektrischen Aktivitét, die Gber eine halbe
Stunde anhélt. Nach einem Rickgang auf die Basiswerte, steigt die
myoelekirische Aktivitét in einer zweiten Phase an. Diese beginnt vier
Stunden nach Insemination und bleibt fir mehr als acht Stunden
bestehen. (aus Troedsson et al. 1998).

Uterine contractions are believed to physically remove accu-
mulated fluid, and harmful inflammatory products from the ute-
rus. Once these products are removed from the uterine lumen,
the inflammation subsides, and the uterine environment returns
to its normal state. Breeding-induced uterine inflammation is a
physiological reaction to semen, and it appears to be a normal
process by which sperm is eliminated from the mares’ repro-
ductive tract. A failure of the uterine defense mechanisms to
effectively eliminate an antigen and inflammatory products
from the uterus results in persistent endometritis. In approxima-
tely 15% of brood mares the system fails and the initial physio-
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logical inflammation becomes a pathological problem, with a
detrimental effect on ferility (Pycock and Newcombe 1996,
Rasch et al. 1996, Zent and Troedsson 1998). It is currently
believed that a failure of mechanical aspects of the uterine
defense system is the major contributor in uterine clearance of
bacteria and inflammatory products.

There is accumulating evidence that seminal plasma plays a
key role in the modulation of breeding-induced endometritis
(Troedsson et al. 2000, Alghamdi et al. 2004, Troedsson et
al. 2005, Fiala et al. 2002, Troedsson 2006). Seminal plas-
ma contfains proteins, enzymes, and hormones (such as pro-
staglandins and estrogens). In vitro, it has been shown to sup-
press complement activation, PMN-chemotaxis, and phago-
cytosis (Dahms and Troedsson 2002, Troedsson et al. 2000).
The duration of a breeding-induced uterine inflammation was
shown to be shorter when seminal plasma was included in an
insemination dose, compared to its removal and replacement
by a commercial semen extender (Troedsson et al. 2002).
This finding was of clinical importance, since an inflammato-
ry response to semen may interfere with normal development
and viability of an embryo if not resolved in a timely manner.
Seminal plasma also functions in breeding-induced endome-
tritis to protect spermatozoa from being phagocytosed and
destroyed in an inflammatory environment (Alghamdi et al.
2004). This finding was somewhat surprising, since an impor-
tant role of the breeding-induced inflammation is to remove
spermatozoa from the uterus by PMN-phagocytosis (Troeds-
son et al. 1995a, Troedsson 1999). However, because PMNs
are present within 0.5 hours after breeding while sperm trans-
port is completed by four hours after breeding, fertile sper-
matozoa needs to reach the oviduct in the presence of a ute-
rine inflammation. In addition, spermatozoa are deposited
into an inflammatory environment when mares are bred twi-
ce within 12 to 24 hours. Recent data supports a system that
protects viable spermatozoa from being phagocytosed while
the uterus is able to maintain an effective sperm elimination
of non-viable spermatozoa (Troedsson et al. 2006). The
authors found that specific proteins in seminal plasma protect
viable spermatozoa from binding to PMNs, and promote bin-
ding and phagocytosis of dead and damaged spermatozoa.
The observation suggests that transport of spermatozoa
through the uterus is selective for viable spermatozoa, and
may explain why a greater fraction of morphological, motile
sperm was found in the oviduct when mares were bred to a
fertile stallion, compared to when mares were bred to subfer-
tile stallions (Scoft et al. 1995).

In conclusion, sperm fransport and elimination from the ute-
rus involve a fine-tuned system of uterine contractions and
multiple facets of the innate immune system. Both transport
and elimination of sperm appear to be selective for different
populations of spermatozoa within an ejaculate.
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