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What do we know about susceptibility of mares to
endometritis?
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Summary

Breeding of mares is followed by uterine contamination of bacteria and inflammation. The inflammation is due to polymorphonuclear leu-
kocytes (PMN) which are induced by spermatozoa. Normal mares eliminate bacteria, sperm and inflammatory by-products rapidly, in 24-
48 hours, but some mares are not capable of doing this. These mares are called susceptible to uterine infections, because the normally
transient inflammation becomes persistent endometritis. This review focuses on uterine defence mechanisms on post-breeding endometri-
tis particularly and on the predisposing factors that lead to persistent uterine infection. The defence mechanisms of the uterus against foreign
invaders comprise complex interactions between different elements. The defence is largely modified by steroid hormones. The uterus is part
of the mucosal immune system which consists of humoral and cellular defence. All aspects of PMN function are vital in the defence against
bacterial invaders: migration in sufficient numbers into the desired site in response to chemotaxis, coating of bacteria by opsonins, pha-
gocytosis and intracellular killing. There is no conclusive evidence, however, that any of these are deficient in mares susceptible to end-
ometritis. Instead, increasing evidence shows that differences in the mechanical drainage of the uterus provide the best explanation for
susceptibility to uterine infections. Adequate cervical dilation, effective myometrial contractions and lymphatic drainage are required for the
maintenance of uterine health. Delayed uterine clearance results in intrauterine fluid accumulation and in subsequent endometritis. The
anatomical barriers of the mare have to be intact: their disruption severely predisposes the mare to endometritis.  
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Was wissen wir über die Empfänglichkeit von Stuten für Endometritiden?

Die Belegung/Besamung von Stuten geht mit einer uterine Kontamination mit Bakterien sowie mit einer Entzündungsreaktion einher. Die
Entzündung entsteht durch polymorphkernige Leukozyten (PMN), die durch Spermatozoen angelockt werden. Gesunde Stuten eliminieren
Bakterien, Sperma und Entzündungsprodukte schnell (innerhalb von 24-48 Stunden). Stuten, die dazu jedoch nicht in der Lage sind, gel-
ten als empfänglich für uterine Infektionen, da sich die normalerweise vorübergehende Entzündung zu einer persistierenden Endometritis
entwickelt. Diese Übersicht konzentriert sich insbesondere auf uterine Abwehrmechanismen im Rahmen besamungs-/belegungsindizierter
Endometritiden sowie auf prädisponierende Faktoren, die zu persistierenden Uterusinfektionen führen können. Die uterinen Abwehrme-
chanismen gegen Fremdeinflüsse bestehen aus komplexen Interaktionen zwischen diversen Elementen und werden in hohem Maße von Ste-
roidhormonen beeinflusst. Der Uterus ist Teil des Schleimhaut-assoziierten Immunsystems mit sowohl humoraler als auch zellulärer Immun-
antwort. Für die Abwehr bakterieller Erreger sind alle Aspekte der PMN- Funktion essentiell: auf Chemotaxis basierende Einwanderung in
das betroffene Gebiet in ausreichender Anzahl, Opsonisierung der Bakterien, Phagozytose und intrazelluläre Lysis. Allerdings existieren kei-
ne endgültigen Beweise, dass irgendeine dieser Funktionen bei für Endometritiden empfänglichen Stuten unzureichend ausgebildet ist. Statt-
dessen wird immer offensichtlicher, dass Unterschiede in der mechanischen Drainage des Uterus die beste Erklärung für die Empfänglich-
keit für uterine Infektionen darstellt. Eine ausreichende Zervixöffnung, effektive Kontraktionen des Myometriums und eine ausreichende
Lymphdrainage sind für die Aufrechterhaltung eines gesunden Uterus essenziell, d.h. die anatomische Barriere des equinen Uterus muss
intakt sein. Eine verzögerte uterine Clearance führt zu intrauterinen Flüssigkeitsansammlungen mit anschließender Endometritis. Eine Stö-
rung der anatomischen Barriere erhöht demnach die Prädisposition der Stute für Endometritiden erheblich.
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Definition of susceptibility

The fact that some mares are more susceptible than others to
uterine infection has been known for a long time and experi-
mental studies have demonstrated this convincingly (Hughes
and Loy 1969, Peterson et al. 1969). Mares prone to per-
manent infection are usually aged, have a history of being
barren or having shown clinical signs of endometritis and
belong to biopsy categories III or IIB (Kenney and Doig
1986). However, the mares cannot be classified as suscepti-
ble on the basis of these characteristics. Young mares can
become susceptible, e.g. because of cervical problems, and
on the other hand, the majority of mares belonging to biopsy
categories III or IIB are not susceptible. History is a more sen-

sitive and specific criterion than endometrial biopsies (Willi-
amson et al. 1989). Troedsson (1991) defined resistance as
the ability of the mare to clear intrauterine bacterial inocula-
tions within 96 h on her own. LeBlanc et al. (1994b) used
another test to differentiate between mares having normal or
delayed uterine clearance (DUC): charcoal was infused into
the uterus during oestrus, and if no charcoal was detected in
uterine lavage fluid 48 h later, the mare was considered resi-
stant. Neither of these tests is applicable in practice, but ultra-
sonography provides a practical tool. According to Brinsko et
al. (2003), ultrasonically detectable intrauterine fluid >2 cm
in height after breeding suggests susceptibility. This can be
used as a guideline in practice, but it is not a specific indica-
tion of susceptibility.



The lack of universal criteria makes the interpretation and
comparison of experiments difficult. It is possible that in many
research projects the “susceptible” mares have not been cor-
rectly defined. For this reason, the “susceptible” and “resi-
stant” groups have often been heterogeneous. This - added
with the small numbers of mares, because it is difficult to
recruit susceptible mares - has led to inconsistent and con-
flicting results and conclusions. 

Effects of ovarian steroids

The uterine luminal milieu is dynamic since the composition
of the fluid varies between stages of the oestrous cycle. The
secretion and release of proteins and enzymes are regulated
by steroids. The normal uterus contains small amounts of flu-
id that is produced locally by uterine glands or represents
transudate from blood vessels. The presence of intrauterine
fluid accumulations (IUFA) during oestrus can change from
day to day and is associated with compositional changes of
uterine secretions (Reilas et al. 1997). 

Uterine epithelial cells from mares treated with oestradiol
demonstrated significantly lower bacterial adherence in vitro
than cells collected from mares treated with progesterone
(Watson et al. 1988). The presence of mucus in the oestrous
uterus may inhibit bacterial adherence also mechanically.

It is commonly agreed that mares are more susceptible to
infectious endometritis during progesterone dominance than
when under the influence of oestrogen or with no hormonal
influence at all. Progesterone treatment makes previously resi-
stant mares susceptible to bacterial challenge (Evans et al.
1986, Reilas et al. 1998). Although there is evidence for the
adverse effects of progesterone and beneficial effects of
oestrogen on PMN functions (Washburn et al. 1982, Watson
et al. 1987c), the effects on the physical drainage of the ute-
rus are much more obvious. Under the influence of proge-
sterone the cervix is closed, whereas under oestrogen domi-
nance it stays open. This has great impact on the resistance
to uterine infections: progesterone inhibits uterine drainage
by the tight cervix (Evans et al. 1986). 

Ovarian steroids regulate uterine contractility. High proge-
sterone levels maintain the quiescence of the uterus, whereas
a decrease in progesterone and an increase in oestrogens sti-
mulate contractility. Oestrogens induce the formation of gap
junctions, increase prostaglandin (PG) production, and
enhance the expression of oxytocin-receptors (OT-R) in the
smooth muscle. OT stimulates uterine contractions and
release of arachidonic acid, and thus formation of PGF2α.
PGF2α enhances uterine contractions by causing membrane
depolarization and by increasing the number of gap junctions
(Jain et al. 1999).

Humoral and cellular immunity

The equine endometrium has the potential for local immuno-
globulin synthesis. An early assumption that problem mares
did not have enough IgA led to the use of colostrum as a
source of immunoglobulins in the treatment of endometritis.
Later it was reported that mares not able to clear bacteria
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after inoculation had, in fact, higher concentrations of anti-
bodies in uterine secretions than resistant mares (Asbury et al.
1980). Although immunoglobulins are an essential compo-
nent of defence, the susceptibility to uterine infections does
not result from their deficiency.

The first papers on opsonisation in the mare’s uterus demon-
strated that susceptible mares were deficient in opsonins in
uterine fluid and that the addition of serum to uterine lavage
fluid enhanced opsonisation of bacteria in vitro (Asbury et al.
1982) and that this was a complement-dependent event
(Asbury et al. 1984). These results initiated the use of intrau-
terine plasma therapy (Asbury 1984) which was practiced for
some time. Later studies did not support the early hypothesis
that susceptible mares are not effective in opsonisation
(Brown et al. 1985). In fact, haemolytic complement activity
was significantly greater in uterine washings from susceptible
than resistant mares (Watson et al. 1987b). This is under-
standable because of the persistent nature of inflammation in
these mares. No opsonins were detected prior to uterine
infection, but after bacterial inoculation they accumulated in
the uterine lumen (Brown et al. 1985). Release of opsonins
(complement and antibodies) is an important component of
uterine defence, but susceptibility of mares to uterine infec-
tions does not depend on defective opsonisation. 

MHC class II (antigen presenting cells), CD4+ (helper T-
cells), CD8+ (cytotoxic T-cells) expressing cells and B-cells
have been found in endometrial samples of mares and their
numbers increase in endometritis. Neither age nor parity
affected the occurrence of CD4- and CD8-expressing cells
(Tunón 1999). There is no evidence that mares susceptible to
endometritis would have deviations or deficiencies in cellular
immunity.

Polymorphonuclear leukocytes (PMN)

Breeding of mares is followed by a transient inflammatory
reaction of the uterus. Kotilainen et al. (1994) showed that
neutrophilia after AI is induced by spermatozoa and that
sperm concentration was positively correlated to the numbers
of PMNs. Subsequently, it was shown by Troedsson and his
co-workers that spermatozoa initiate chemotaxis of PMNs
through activation of complement (Troedsson et al. 2001).
The first PMNs enter the uterus within 1 h after AI, the highest
numbers are found around 6-12 h and at 48 h there are very
little PMNs left (Katila 1995). 

A number of studies have been conducted to investigate if
susceptible mares have differences of deficiencies in PMN
function as compared to resistant mares. The initial PMN
response was neither delayed nor decreased in susceptible
mares (Williamson et al. 1987), but these mares continue to
have PMNs in the uterus because of persistent infection. Al-
ready 12 h after experimental bacterial inoculation, barren
biopsy category II mares showed more PMNs in uterine fluid
than normal mares (Katila et al. 1990). Corticosteroid treat-
ment has been suggested as a method to control inflamma-
tion, PMN numbers and IUFA, after frozen semen AI (Dell’
Aqua Jr. et al. 2006). In normal ovariectomized mares, dexa-
methasone treatment decreased endometrial inflammation 3
and 7 days after bacterial inoculation in progesterone sup-



plemented mares as compared to progesterone treatment
only (Colbern et al. 1987). PMNs have an important role in
uterine defence, and therefore, initially high PMN numbers
would be beneficial. Their decrease by corticosteroids admi-
nistered before AI seems controversial.

Different PMN functions have been studied in susceptible vs
normal mares in vitro including migration in response to che-
motactic factors, phagocytosis and intracellular killing. The
question is how reliable are experiments studying uterine-
derived PMNs. They are not a homogenous population of
cells because they are continuously recruited from the peri-
pheral circulation in persistent infection (Liu et al. 1986). They
have been exposed to bacterial stimulation, they have
responded to chemotactic stimuli, migrated and phagocyti-
sed, which changes their ability to deform. This may have
changed their ability to migrate and kill bacteria (Watson et
al. 1987c). Many of the proposed dysfunctions for PMNs
from the uterus of susceptible mares can be related to the
adverse uterine luminal environment (Liu et al. 1986). 

There is no conclusive evidence that the onset of migration,
locomotion characteristics, or initial numbers of PMNs or
their phagocytic or killing abilities would differ between
susceptible and resistant mares, but leukocytes persist for a
longer time in susceptible mares. Infected uterine fluid con-
tains many chemoattractants, e.g. certain metabolites of ara-
chidonic acid, which continue to attract PMNs (Watson et al.
1987a).

Mechanical drainage

Excessive accumulation of intrauterine fluid may result from
decreased clearance (LeBlanc et al. 1994b), increased secre-
tion (Reilas et al. 1997, Özgen et al. 2002) or increased
transudation (Tunón et al. 1998). Mares may have increased
glandular secretion, e.g. because of uterine irritation. Mares
with purulent endometritis or pyometra show a uniform glan-
dular dilation, which probably indicates increased secretion.
IUFA during dioestrus indicates an inflammatory process with
negative effects on pregnancy (Adams et al. 1987). 

Uterine contractility

Today it is commonly believed that deficiencies in mechanical
drainage have the greatest impact on the susceptibility of
mares to uterine infection. Uterine contents are removed by
two ways – via lymphatics and through the cervix and vagina.
Uterine contractions are necessary for both. Susceptible
mares have been shown to exhibit decreased electrical activi-
ty of the myometrium 10-20 h after bacterial inoculation as
compared to resistant mares (Troedsson et al. 1993). Myo-
metrial contractility has been evaluated in vitro by measuring
isometric tension generated by longitudinal circular muscle
strips in response to KCl, OT and PGF2α. No age-dependent
decline was observed, but the myometrium from mares with
DUC failed to generate as much tension as the myometrium
from normal mares for all contractile agonists tested. It was
concluded that mares with DUC have an intrinsic contractile
defect of myometrial cells. This is not related to mediation by
receptors or to reduced intracellular Ca2+ concentration (Rig-
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by et al. 2001). Increased collagen deposition is a common
finding in aged mares (Kenney and Doig 1986). This may stif-
ten the extracellular matrix of the myometrium and decrease
contractile forces (Rigby et al. 2001).

It has been proposed that old multiparous mares could have
abnormal contractility patterns and delayed clearance becau-
se of repeated prolonged stretching of the myometrium and
nerve endings within the muscle during pregnancy. Admini-
stration of detomidine (an α2-agonist) before OT-injection
increased the number of uterine contractions and maximum
intrauterine  pressure in the uterine horn in normal mares as
compared to response after administration of saline and OT,
but detomidine had no effect in mares with DUC. This may be
due to decreased numbers or unresponsiveness of α-adre-
nergic receptors or due to a defect in myometrial signalling.
It is not known why α2-agonists increase the response to OT.
Perhaps detomidine stimulates neurons that promote myome-
trial responsiveness to OT or signalling pathways activated by
detomidine may potentiate OT induced signal transduction.
Also the location of the pacemaker region was different in
normal as compared to DUC mares. In normal mares, the
region is in uterine horns causing uterine contractions to pro-
pagate from the horn towards the cervix. In mares with DUC,
the pacemaker region was more frequently located in the ute-
rine body. This may be intrinsic or may have developed as
consequence of stretching and hypertrophy from repeated
pregnancies (von Reitzenstein et al. 2002). 

The important role of uterine contractility in uterine clearance
was demonstrated by Nikolakopoulos and Watson (1999).
They reduced uterine contractions by a clenbuterol treatment
and infused bacteria into the uteri of resistant oestrous mares.
Although most mares were able to eliminate bacteria, they all
accumulated fluid, which they did not do during the control
cycle (Nikolakopoulos and Watson 1999). The importance of
uterine contractions in the removal of fluid and PMNs was
shown also in an experiment with control, OT-treated and flu-
nixin meglumine treated normal mares. At 8 h after AI, the
OT-group had very little intrauterine fluid and PMNs, where-
as the flunixin group had more PMNs and fluid. At 25 h, OT-
group had hardly any fluid and PMNs; control and flunixin
group did not differ from each other (Reilas et al. 2006). 

Insemination has been shown to cause the same kind of end-
ogenous OT-release in susceptible and resistant mares, but
PGF2α release was significantly higher in the resistant group
than in the group of susceptible mares for the first 30 min
after AI. Similarly, exogenous OT induced significantly higher
PGF2α release in resistant mares as compared to susceptible
mares. The authors thought this to indicate a possible defect
in PGF2α release at the OT-R or post-receptor level. The
reduced OT-stimulated myometrial PGF2α production pro-
bably contributes to the reduced contractile response seen in
problem mares (Nikolakopoulos et al. 2000). On the other
hand, LeBlanc et al. (1994a) have shown the efficacy of OT
in enhancing clearance of radiocolloid from the uterus both
in normal and susceptible mares. In another experiment, nor-
mal mares were treated with OT, phenylbutazone (PG-inhibi-
tor) or with both (phenylbutazone 3.5 h before OT) and ute-
rine clearance of radiocolloid was measured using scintigra-
phy. Phenylbutazone alone inhibited PG-release and uterine
clearance of radiocolloid, but despite the inhibition of PG-



release it was not able to override the clearance promoting
effect of OT (Cadario et al. 1995). The authors concluded
that OT may have a direct effect in the mare. Obviously, more
studies are needed to study the relationship of PG and OT in
the mare.

OT-injections facilitate uterine drainage in susceptible mares
(Allen 1991) and are commonly used in practice. The finding
of Nikolakopoulos and his co-workers may have practical
consequences: perhaps some problem mares could respond
better to PG-treatment than to OT-treatment. However, Shar-
pe et al. (1988) have reported that PGF2α has no uterotonic
effect in the cyclic mare.

Lymphatic drainage

Lymphatic vessels and lymph nodes drain the equine uterine
submucosa and uterine lumen of excess fluid (LeBlanc et al.
1995) Rhythmic muscle contractions pump fluid into the lym-
phatics. The efficacy and rate of lymphatic drainage were
decreased in susceptible mares compared with resistant
mares. If the uterus is not cleared before the cervix is closed,
lymphatics drain the uterine contents in normal mares. In
susceptible mares, inflammatory by-products remain in the
uterine lumen producing more inflammation and irritation of
the endometrium (LeBlanc et al. 1995). The study of Reilas et
al. (1997) failed to show any association between intrauteri-
ne fluid accumulations and lymphatic lacunae in biopsy spe-
cimen, but fibrosis was more prominent in mares with fluid
accumulation. Also Özgen et al. (2002) discovered periglan-
dular fibrosis more often in mares with intrauterine fluid, and
LeBlanc (1994) has suggested that endometrial fibrosis may
block uterine drainage through lymph vessels. 

Conformation of the reproductive tract

Conformational abnormalities, such as pneumovagina, uro-
vagina and cervical lesions, facilitate entrance of bacteria, air
and urine into the uterus. A properly functioning vestibulova-
ginal fold is an important barrier to an ascending bacterial
contamination. Clitoral fossa contains more bacteria than
any other part of the reproductive tract of the mare and may
serve as a source of bacterial contamination during breeding
and uterine manipulations of susceptible mares (Hinrichs et
al. 1988). 

Fluid tends to accumulate in the uterine body. Possible rea-
sons for fluid accumulations besides impaired myometrial
activity include an uterus that tilts ventrally in relation to the
pelvic brim and poor cervical relaxation during oestrus
(LeBlanc et al. 1998). Because of gravity, fluid accumulates in
ventral dilations of the uterus (Knudsen 1964). Ventral dila-
tions and ventral tilting of the uterus are typically problems of
old multiparous mares.

The necessity of a patent cervix was discovered early (Evans
et al. 1986) and later confirmed in scintigraphic studies of
LeBlanc et al. (1994b). They showed that susceptible mares
were more likely to retain radiocolloid in the uterus than resi-
stant mares during oestrus or 48 h after ovulation. However,
some nulliparous mares did not clear radiocolloid, nor did
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normal mares during dioestrus. These workers concluded that
poor cervical dilation may delay uterine clearance.  The prac-
tical importance of a functioning cervix in stud farm practice
was recognized by Pycock (cited by Allen 1993); mares with
intrauterine fluid collections often had an abnormal cervix.
Failure of the cervix to relax occurs typically in maiden mares.
Manual dilation of the cervix is used to aid evacuation of flu-
id collections (Pycock, cited by Allen 1993, Pycock and New-
combe 1996).

References

Adams G. P., Kastelic J. P., Bergfelt D. R. and Ginther O. J. (1987)
Effect of uterine inflammation and ultrasonically-detected uterine
pathology on fertility in the mare. J. Reprod. Fert., Suppl. 35, 445-
454

Allen W. E. (1991) Investigations into the use of exogenous oxytocin
for promoting uterine drainage in mares susceptible to endometri-
tis. Vet. Rec. 128, 593-594

Asbury A. C. (1984) Uterine defense mechanisms in the mare: The
use of intrauterine plasma in the management of endometritis.
Theriogenology 21, 387-393

Asbury A. C., Halliwell R. E. W., Foster G. W. and Longino S. J.
(1980) Immunoglobulins in uterine secretions of mares with diffe-
ring resistance to endometritis. Theriogenology 4, 299-308

Asbury A. C., Schultz K. T., Klesius P. H., Foster G. W. and Washburn
S. M. (1982) Factors affecting phagocytosis of bacteria by neutro-
phils in the mare’s uterus. J. Reprod. Fert., Suppl. 32, 151-159

Asbury A. C., Gorman N. T. and Foster G. W. (1984) Uterine defen-
se mechanisms in the mare: Serum opsonins affecting phagocyto-
sis of Streptococcus zooepidemicus by equine neutrophils. Therio-
genology 21, 375-385

Brinsko S. P., Rigby S. L., Varner D. D. and Blanchard T. L. (2003) A
practical method for recognizing mares susceptible to post-bree-
ding endometritis. 49th Ann. Conv. Am. Ass. Equine Practitioners,
New Orleans, Louisiana. www.ivis.org

Brown A. E., Hansen P. J. and Asbury A. C. (1985) Opsonization of
bacteria by uterine secretions of cyclic mares. Am. J. Vet. Res. 45,
1205-1208

Cadario M. E., Thatcher M.-J. D. and LeBlanc M. M. (1995) Rela-
tionship between prostaglandin and uterine clearance of radiocol-
loid in the mare. Biol. Reprod. Mono 1, 495-500

Colbern G. T., Voss J. L., Squires E. L., Ellis R. P., Shideler R. K. and
McChesney A. E. (1987) Development of a model to study end-
ometritis in mares. Equine vet. Sci. 7, 73-76

Dell’ Aqua Jr. J. A., Papa F. O., Lopes M. D., Alvarenga M. A., Mace-
do L. P. and Melo C. M. (2006) Modulation of acute uterine
inflammatory response after artificial insemination with equine fro-
zen semen. Anim. Reprod. Sci. 94, 270-273

Evans M. J., Hamer J. M., Gason L. M, Graham C. S., Asbury A. C.
and Irvine C. H. G. (1986) Clearance of bacteria and non-anti-
genic markers following intra-uterine oculation into maiden
mares: effect of steroid hormone environment. Theriogenology
26, 37-50

Hinrichs K., Cummings M. R., Sertich P. L. and Kenney R. M. (1988)
Clinical significance of aearobic bacterial flora of the uterus, vagi-
na, vestibule, and clitoral fossa of clinically normal mares. J. Am.
Vet. Med. Ass. 193, 72-75

Hughes J. P. and Loy R. G. (1969) Investigations on the effect of
intrauterine inoculations of  Streptococcus zooepidemicus  in the
mare. Proc. 15th Ann.Conv. Am. Ass. Equine Practitioners, 289-
292

Jain T. L., Saade G. R. and Garfield R. E. (1999) Uterine contraction.
In: E. Knobil and J.D. Neill (eds) Encyclopedia of reproduction,
Vol. 4, Academic Press

Katila T. (1995) Onset and duration of uterine inflammatory respon-
se of mares after insemination with fresh semen. Biol.Reprod.
Mono 1, 515-517



Katila T., Lock T. F., Hoffman W. E. and Smith A. R. (1990) Lysozyme,
alkaline phophatase, and neutrophils in uterine secretions of
mares with differing resistance to endometritis. Theriogenology
33, 723-732

Kenney R. M. and Doig P. A. (1986) Equine endometrial biopsy. In:
D.A. Morrow (ed.) Current Therapy in Theriogenology. W.
B.Saunders, Philadelphia, PA, 723-729

Knudsen O. (1964) Partial dilatation of the uterus as a cause of ste-
rility in the mare. Cornell Vet. 54, 423-438

Kotilainen T., Huhtinen M. and Katila T. (1994) Sperm-induced leu-
kocytosis in the equine uterus. Theriogenology  41, 629-636

LeBlanc M. M. (1994) Breakdown of uterine defense mechanisms in
the mare: Is a delay in physical clearance the culprit? Proc. Ann.
Meet. Soc. Theriogenology, Kansas City, Missouri, 121-129

LeBlanc M. M., Neuwirth L., Mauragis D., Klapstein E. and Tarn T.
(1994a) Oxytocin enhances clearance of radiocolloid from the
uterine lumen of reproductively normal mares and mares suscep-
tible to endometritis. Equine vet. J. 26, 279-282

LeBlanc M. M., Neuwirth L., Asbury A. C., Tarn T., Mauragis D. and
Klapstein E. (1994b) Scintigraphic measurement of uterine clea-
rance in normal mares and mares with recurrent endometritis.
Equine vet. J. 26, 109-113

LeBlanc M. M., Johnson R. D. and Calderwood Mays M. B. (1995)
Lymphatic clearance of India ink in reproductively normal mares
and mares susceptible to endometritis. Biol. Reprod. Mono 1,
501-506

LeBlanc M. M., Neuwirth L., Jones L. and Mauragis D. (1998) Diffe-
rences in uterine position of reproductively normal mares and tho-
se with delayed uterine clearance detected by scintigraphy. The-
riogenology 50, 49-54

Liu I.K. M., Cheung A. T. W., Walsh E. M. and Ayin S. (1986) The func-
tional competence of uterine-derived polymorpho-nuclear neutro-
phils (PMN) from mares resistant and susceptible to uterine infection:
A sequential migration analysis. Biol. Reprod. 53, 1168-1174

Nikolakopoulos E. and Watson E. D. (1999) Uterine contractility is
necessary for the clearance of intrauterine fluid but not bacteria
after bacterial infusion in the mare. Theriogenology 52, 413-423

Nikolakopoulos E., Kindahl H. and Watson E. D. (2000) Oxytocin
and PGF2? release in mares resistant and susceptible to persistent
mating-induced endometritis. J. Reprod. Fert., Suppl 56, 363-372

Özgen S., Schoon H.-A., Aupperle H., Sieme H. and Klug E. (2002)
Etiopathogenesis of equine intrauterine fluid accumulation. Pfer-
deheilkunde 18, 594-599

Peterson F. B., McFeely R. A. and David J. S. E. (1969) Studies on the
pathogenesis of endometritis in the mare. Proc. 15th Ann.Conv.
Am. Ass. Equine Practitioners, 279-287

Pycock J. F. (1993) Cervical function and uterine fluid accumulation
in mares. Proc. J.P. Hughes Int. Workshop on Equine Endometritis.
Reviewed by W. R. Allen In: Equine vet. J. 25, 191

Pycock J. F. and Newcombe J. R. (1996) Assessment of the effect of
three treatments to remove intrauterine fluid on pregnancy rate in
the mare. Vet. Rec. 138, 320-323

Reilas T., Katila T., Mäkelä O., Huhtinen M. and Koskinen E. (1997)
Intrauterine fluid accumulation in oestrous mares. Acta vet. Scand.
38, 69-78

Reilas T., Risco A. M., Kareskoski M. and Katila T. (2006) Effect of flu-
nixin meglumine and oxytocin on uterine response to insemination
in mares. Anim. Reprod. Sci. 94, 252-253

Reilas T., Ristiniemi M. and Katila T. (1998) Influence of hormone
replacement therapy and bacterial inoculation on proteins and
enzymes in uterine lavage fluid of ovariectomized mares. Reprod.
Dom. Anim. 33, 11-19

Reitzenstein M. von, Callahan M. A., Hansen P. J. and LeBlanc M. M.
(2002) Aberrations in uterine contractile patterns in mares with
delayed uterine clearance after administration of detomidine and
oxytocin. Theriogenology 58, 887-898

T. Katila

Pferdeheilkunde 24 65

Rigby S. L., Barhoumi R., Burghardt R. C., Colleran P., Thompson J.
A., Varner D. D., Blanchard T. L., Brinsko S. P., Taylor T., Wilkerson
M. K. and Delp M. D. (2001) Mares with delayed uterine clearan-
ce have an intrinsic defect in myometrial function. Biol. Reprod.
65, 740-747

Sharpe K. L., Eiler H. and Hopkins F. M. (1988) Absence of uteroki-
netic effects of prostaglandin F2α on oxytocin-reactive uterus in
the mare. Theriogenology 30, 887-892

Troedsson M. H. T. (1991) Uterine defense mechanisms in the mare.
Ph.D. Thesis, University of California, Davis, USA

Troedsson M. H. T., Liu I. K. M., Ing M., Pascoe J. R. and Thurmond
M. (1993) Multiple site electromyography recordings of uterine
activity following an intrauterine bacterial challenge in mares
susceptible and resistant to chronic uterine infection. J. Reprod.
Fert. 99, 307-313

Troedsson M. H. T., Loset K., Alghamdi A. M., Dahms B. and Crabo
B. G. (2001) Interaction between equine semen and the endome-
trium: the inflammatory response to semen. Anim. Reprod. Sci.
68, 273-278

Tunón A.-M. (1999) The endometrium of the gynaecologically heal-
thy mare during oestrus. A clinical, morphological, chemical and
immunological study. Doctoral thesis. Swedish University of Agri-
cultural sciences, Uppsala, Sweden

Tunón A.-M., Rodriguez-Martinez H., Hultén C., Nummijärvi A. and
Magnusson U. (1998) Concentrations of total protein, albumin
and immunoglobulins in undiluted uterine fluid of gynecologically
healthy mares. Theriogenology 50, 821-831

Washburn S. M., Klesius P. H., Ganjam V. K. and Brown B. G. (1982)
Effect of estrogen and progesterone on the phagocytic response of
ovariectomized mares infected in utero with _-hemolytic strepto-
cocci. Am. J. Vet. Res. 43, 1367-1370

Watson E. D., Stokes C. R. and Bourne F. J. (1987a) Influence of ara-
chidonic acid metabolites in vitro and in uterine washings on
migration of equine neutrophils under agarose. Res. Vet. Sci. 43,
203-207

Watson E. D., Stokes C. R. and Bourne F. J. (1987b) Cellular and
humoral defence mechanisms in mares susceptible and resistant
to persistent endometritis. Vet. Immunol. Immunopathol. 16, 107-
121

Watson E. D., Stokes C. R. and Bourne F. J. (1987c) Influence of
administration of ovarian steroids on the function of neutrophils
isolated from the blood and uterus of ovariectomized mares. J.
Endocr. 112, 443-448

Watson E. D., Stokes C. R. and Bourne F. J. (1988) Influence of ova-
rian steroids on adherence (in vitro) of Streptococcus zooepidemi-
cus to endometrial epithelial cells. Equine vet. J.  20, 371-372

Williamson P, Munyua S. J. M., Martin R. and Penhale J. (1987)
Dynamics of the acute uterine response to infection, endotoxin
infusion and physical manipulation of the reproductive tract in the
mare. J. Reprod. Fert., Suppl. 35, 317-325

Williamson P., Munyua S. J. M. and Penhale J. (1989) Endometritis in
the mare: a comparison between reproductive history and uterine
biopsy as techniques for predicting susceptibility of mares to uteri-
ne infection. Theriogenology 32, 351-357

Prof. Terttu Katila
University of Helsinki
Faculty of Veterinary Medicine
Department of Production Animal Medicine
Pohjoinen Pikatie 800, 04920 Saarentaus
Finland
terttu.katila@helsinki.fi


