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Summary

Endometritis is an important cause of fertility problems in the mare, and all mares develop endometritis following breeding but reproduc-
tively normal mares will clear the inflammation. The histological pattern during endometritis in the mare has been described qualitatively
for diagnostic purposes, but the distribution of leukocytes has not previously been described. In this study, endometrial biopsies were col-
lected from five mares during oestrus and dioestrus, and then 20 hours after inducing S. zooepidemicus endometritis in oestrus and dioe-
strus. Four mares were also bred to a stallion, providing biopsies from breeding-induced endometritis, 20 hours after breeding. Compu-
terized image analysis was used to count inflammatory cells in the luminal epithelium, stratum compactum and stratum spongiosum of the
endometrium. Lymphocyte numbers were higher in control samples during oestrus than during dioestrus, but were higher in streptococcal
endometritis in oestrus and dioestrus than during breeding-induced endometritis. The same pattern applied to eosinophil numbers, whe-
reas neutrophil numbers were lower during endometritis in dioestrus than during endometritis in oestrus.
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Leukozytenverteilung im equinen Endometrium als Reaktion auf eine akute induzierte Endometritis

Die Endometritis stellt eine wichtige Ursache fur Fertilitétsprobleme der Stute dar. Zwar entwickeln nahezu alle Pferde infolge einer Bele-
gung eine Entzindung des Endometriums, diese heilt jedoch bei reproduktiv gesunden Tieren durch Selbstreinigungsvorgénge komplika-
tionslos ab. Das histologische Bild einer equinen Endometritis ist im Rahmen diagnostischer Untersuchungen zwar qualitativ umfassend
dokumentiert, es existiert jedoch bislang keine Beschreibung tber das Verteilungsmuster der Leukozyten. In der vorliegenden Studie wur-
den von 5 Stuten Endometriumbiopsien zunéchst im Ostrus und Disstrus gewonnen, und danach 20 Stunden nach Induzierung einer End-
ometritis durch Sc. zooepidemicus zu den gleichen Zyklussténden. Dariber hinaus wurde bei 4 Tieren eine Endometritis durch Belegung
induziert, 20 Stunden nach dem Natursprung erfolgte die Biopsienentnahme. Mittels computergesteuerter Bildanalyse erfolgte die Auszéh-
lung der Entzindungszellen im luminalen Epithel sowie im Stratum compactum und im Stratum spongiosum des Endometriums. Innerhalb
der Kontrollproben konnte im Ostrus eine héhere Lymphozytenzahl als im Didstrus nachgewiesen werden. Die Streptokokken-Endometritis
zeigte sowohl im Ostrus als auch im Diéstrus eine héhere Lymphozytenzahl als die Endometritis nach Belegung. Wéhrend die Verteilungs-
muster der eosinophilen Granulozyten denen der Lymphozyten entsprechen, wurden im Verlauf der Endometritis im Didstrus weniger neu-

trophile Granulozyten beobachtet als im Ostrus.

SchlUsselwérter: Stute, Endometrium, Endometritis, Leukozyten, Lymphozyten, Reproduktion

Introduction

Mares show a varied clinical inflammatory response during
endometritis. All mares develop endometritis following bree-
ding but reproductively normal mares recover from inflam-
mation within 48-72 hours (Watson 2000). The most com-
monly isolated bacterium from endometritis is Streptococcus
equi subsp. zooepidemicus (S. zooepidemicus) (Ricketts et al.
1993). During oestrus there is an increase in the activity of
uterine-derived neutrophils in mares resistant to persistent
endometritis making them more able to clear a uterine
inflammation than during dioestrus (Asbury and Hansen
1987). A persistent endometritis can result in an early preg-
nancy loss unless the inflammation is treated before the con-
ceptus reaches the uterus.

Endometritis is traditionally characterized as either acute with
mainly neutrophils, or chronic with mostly lymphocytes, alt-
hough superimposed acute reactions also occur, where lym-
phocytic infilirates and some neutrophil infiliration are seen
simultaneously (so called “chronic active”). In chronic reac-
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tions, lymphocytes are often accompanied by scattered eosi-
nophils (Kenney 1978). There are no previous studies inve-
stigating the influence of aetiology (bacterial versus breeding
induced) on the pattern of cellular infiltrate in endometritis;
nor has the potential effect of stage of oestrus cycle been exa-
mined.

The aim of this study was to utilise experimental models to
describe the histopathology of different types of endometritis.
A histological comparison between a pure bacterial endome-
tritis and a breeding-induced endometritis was carried out, to
determine if there is a difference in endometrial cellular infil-
trates in the different types of endometritis, and at different
stages of the oestrous cycle.

Materials and methods
Five reproductively healthy mares of various breeds were

studied through four consecutive oestrous cycles. Control
endometrial biopsies from each mare were collected at

Pferdeheilkunde 24



oestrus and dioestrus before bacterial endometritis was
induced in oestrus and dioestrus, ensuring that full recove-
ry was achieved before proceeding to the next stage of the
protocol. Biopsies were collected 20 hours after induction
of endometritis. Finally four of the mares were mated to a
healthy stallion and endometrial biopsies were collected 20
hours later. An image analysis program was used to count
lymphocytes, neutrophils and eosinophils in the luminal epi-
thelium (LE), stratum compactum (SC) and stratum spongio-
sum (SS). The numbers of cells (each cell type) were com-
pared for each stage of the oestrous cycle and each induc-
tion model by general linear modelling, taking significance
at p<0.05.

Results
In the LE and SC (Figure 1), lymphocyte numbers were sig-
nificantly higher in control samples during oestrus than in

dioestrus, whereas in the SS they were lower in oestrus than
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Fig 1 Boxplot illustrating the number of lymphocytes/0.01 mm? in
stratum compactum of equine endometrial biopsies. Values labelled
a are significantly (p=0.005) higher than b, and values labelled c
are significantly (p<0.001) higher than a, b and d. 20h PI: 20 hours
after uterine inoculation with S. zooepidemicus. After breeding: 20
hours after natural breeding to a stallion.

Boxplot Darstellung der Lymphozytenzahl/0,01 mm? im Stratum com-
pactum der equinen Endometriumbiopsien. Mit a gekennzeichnete
Werte sind signifikant (p=0,005) héher als diese mit b. Mit ¢ gekenn-
zeichneten Werte sind signifikant (p<0,001) héher als diese mit a, b
und d. 20h PI: 20 Stunden nach intrauteriner Verabreichung von S.
zooepidemicus. After breeding: 20 Stunden nach Belegung durch
einen Hengst.

in dioestrus (Figure 2). There was a significant increase in
lymphocyte numbers in the LE and SC during streptococcal
endometritis in oestrus and dioestrus when compared to
control. There was a significant increase in lymphocyte
numbers in the SS during streptococcal endometritis in
oestrus, but not in dioestrus. In the LE, lymphocyte numbers
after breeding at oestrus were higher than in control sam-

ples at oestrus, but no significant increase was seen in the
SC and SS.

In the LE and SC, the number of neutrophils was increased
in streptococcal endometritis in oestrus and dioestrus, but
even though the increase was often substantial, in most
cases statistical analysis was not possible, as no neutrophils
were found in the control samples. In the SC and SS, neu-
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trophil numbers were significantly higher than during strep-
tococcal endometritis during dioestrus but did not differ
from streptococcal endometritis in oestrus. Eosinophils were
only occasionally seen in the LE, but in the SC there were
increased numbers in all three types of induced endometri-
tis, but changes were not significant. In the SS there was a
significant increase in eosinophil numbers during strepto-
coccal endometritis during oestrus and dioestrus, but not
after breeding. The biggest increase occurred in streptococ-
cal endometritis in dioestrus, which was significantly greater
than in the other types of endometritis.

To conclude, it is apparent that lymphocytes are present in
larger numbers in the equine endometrial stroma during
oestrus than during dioestrus. Lymphocytes react within the
more acute phase of endometritis, both during oestrus and
diocestrus, and in greater numbers during streptococcal
endometritis than in breeding-induced endometritis. Neu-
trophils are found, as expected, to take part in streptococ-
cal and breeding-induced endometritis, but fewer numbers
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Fig 2 Boxplot illustrating the number of lymphocytes/0.01 mm? in
stratum spongiosum of equine endometrial biopsies. Values labelled
a are significantly (p<0.005) lower than b. Values labelled ¢ are sig-
nificantly (p<0.01) lower than e. Values labelled d are significantly
higher than a (p<0.001), and ¢ (p<0.005). 20h PI: 20 hours after
uterine inoculation with S. zooepidemicus. After breeding: 20 hours
after natural breeding to a stallion.

Boxplot Darstellung der Lymphozytenzahl/0,01 mm? im Stratum spon-
giosum der equinen Endometriumbiopsien. Mit a gekennzeichnete
Werte sind signifikant (p<0,005) niedriger als diese mit b. Mit ¢
gekennzeichnete Werte sind signifikant (p<0,01) niedriger als diese
mit e. Mit d gekennzeichnete Werte sind signifikant (p<0,001) héher
als diese mit a (p<0,001) und ¢ (p<0,005). 20h PI: 20 Stunden
nach intrauteriner Verabreichung von S. zooepidemicus. After bree-
ding: 20 Stunden nach Belegung durch einen Hengst.

are observed during endometritis in dioestrus than oestrus.
Eosinophils also increase in numbers during endometritis,
but are more numerous in response fo S. zooepidemicus
than to breeding. Therefore, it seems that lymphocytes and
eosinophils arrive in the endometrium within 20 hours of
inflammatory stimulus, and that their reaction is more
dependent on the type of stimulus than on the stage of the
oestrous cycle. On the other hand, the reaction of neutro-
phils seems to be more dependent on the stage of the
oestrous cycle, as they are more numerous during both
breeding-induced and streptococcal endometritis during
oestrus, than during streptococcal endometritis in dioe-
strus.
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Summary

Chronic degenerative changes to the endometrium include endometrial fibrosis, involving a deposition of fibrous tissue in the endometrial stro-
ma and around the endometrial glands. In this study it is hypothesised that endometrial fibrosis is a result of extracellular matrix (ECM) remo-
delling following endometritis involving MMP-9 and -2 and the fissue inhibitors of MMPs (TIMPs). Endometrial biopsies and low volume uteri-
ne flushes were collected from five mares at oestrus and dioestrus before inducing endometritis. Endometritis was induced by introducing Strep-
tococcus zooepidemicus info the uterus in oestrus and dioestrus, and by breeding the mares in oestrus. Gelatin zymography on uterine lava-
ge fluid revealed that basal activities of MMP-2 and MMP-9 did not differ significantly between oestrus and dioestrus. A significant increase
(p<0.05) in MMP-9 and -2 activities was detected post-inoculation in ocestrus and dioestrus, and post-breeding in oestrus when compared to
controls. In situ zymography demonstrated MMP-9 activity in eosinophils in endometrial biopsies. Basal activity of TIMP-2 was significantly hig-
her (p<0.05) during dioestrus than during oestrus, and activity decreased during induced endometritis. The study showed that MMP-9 and
MMP-2 are likely to play a role in the repair processes following endometritis and that MMP-9 is secreted by eosinophils in the endometrial
stroma. Furthermore, the inhibitory activity of TIMP-2 is decreased during endometritis, in concert with the increased activity of MMP-9 and -2.

Keywords: Mare, endometritis, fibrosis, matrix metalloproteinases, TIMPs, reproduction

Aktivitdt der Matrix Metalloproteinasen MMP-9 und MMP-2 in Uterusspulproben im Verlauf einer induzierten equinen End-
ometritis

Die endometriale Fibrose, eine chronisch-degenerative Verdnderungen des Endometriums, ist durch eine Einlagerung von fibrésem Gewe-
be sowohl in das endometriale Stroma als auch um die endometrialen Drisen gekennzeichnet. In der vorliegenden Studie wird angenom-
men, dass die endometriale Fibrose das Ergebnis eines durch die Endometritis ausgelésten Umbaus der extrazelluléren Matrix ist, an wel-
chem MMP-9 und MMP-2 sowie deren Inhibitoren (TIMPs) beteiligt sind. Als Kontrolle dienten im Ostrus und Disstrus entnommene End-
ometriumbiopsien und kleinvolumigen Uterusspilproben von 5 Stuten vor Endometritisinduzierung. AnschlieBend wurde eine Endometritis
mittels intrauteriner Verabreichung von Streptococcus zooepidemicus zum Zeitpunkt des Ostrus und des Disstrus beziehungsweise durch
eine Belegung im Ostrus induziert. Mit Hilfe einer Gelatin-Zymographie konnten in den uterinen Spilproben keine signifikanten Unter-
schiede hinsichtlich der Grundaktivitdt von MMP-2 und MMP-9 zwischen Ostrus und Diéstrus nachgewiesen werden. Im Vergleich zu den
Kontrollproben konnte jedoch sowohl postinfektiss im Ostrus und Diéstrus als auch nach der Belegung im Ostrus ein signifikanter Anstieg
(p<0,05) der Aktivitét von MMP-2 und MMP-9 beobachtet werden. Zudem zeigte die in situ Zymographie eine Akfivitdt von MMP-9 in den
eosinophilen Granulozyten der Endometriumbioptate. Die Grundaktivitét von TIMP-2 ist im Didstrus signifikant héher (p<0,05) als im
Ostrus, nimmt jedoch im Verlauf der induzierten Endometritis ab. Die Ergebnisse dieser Studie zeigen, dass MMP-9 und MMP-2 vermutlich
eine Rolle bei Reparaturvorgéingen infolge einer Endometritis spielen, wobei MMP-9 von den eosinophilen Granulozyten des endometria-
len Stromas sezerniert wird. DarGber hinaus kann im Rahmen der Endometritis festgestellt werden, dass die hemmende Aktivitat der TIMP-
2 mit steigender Aktivitat der MMP-9 und -2 sinkt.

Schlusselwérter: Stute, Endometritis, Fibrose, Matrix Metalloproteinasen, TIMPs, Reproduktion

Introduction mental effects on fertility (Ricketts and Alonso 1991). End-

ometrial fibrosis is likely to result from events taking place
Endometrial fibrosis is a common chronic degenerative during remodelling of the endometrial extracellular matrix
change seen in the endometrium of the mare and has detri- (ECM). Endometrial remodelling is limited in the cyclic non-
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pregnant mare but is likely to occur following endometritis,
which is commonly experienced by breeding mares (Watson
2000) as a reaction to semen and potentially pathogenic
organisms. The most common cause of infectious end-
ometritis in the mare is Streptococcus equi subsp. zooepi-
demicus (S. zooepidemicus) (Ricketts et al. 1993). In a nor-
mal mare, the inflammatory response is brief, peaking
around 8h after breeding and with very few neutrophils
recovered at 48h (Katila 1995). However, approximately
15% of thoroughbred mares develop persistent endometri-
tis (Zent and Troedsson 1998).

Endometrial remodelling in women takes place around men-
struation and involves the expression, secretion and activation
of matrix metalloproteinases (MMPs; (Salamonsen 2003).
These proteases have the capacity to degrade all structural
components of the ECM, including collagen and are regula-
ted by the tissue inhibitors of MMPs (TIMPs), which also have
been identified in human endometrium (Curry Jr. and Osteen
2003). The activities of the gelatinases MMP-9 and -2 play a
role in the formation of endometrial cups during equine preg-
nancy (Vagnoni et al. 1995) and MMP-2 has been identified
around fibrotic glands of the non-pregnant equine endome-
trium (Walter et al. 2005). However, the secretion of these
MMPs in the normal non-pregnant equine endometrium
during the oestrous cycle, and during endometritis has not
previously been investigated.

We hypothesise that tissue remodelling and repair during and
following equine endometritis in the reproductively normal
mare involves regulation of MMP-9 and MMP-2 activities.

Materials and methods

Five healthy mares of various breeds were studied through
four consecutive oestrous cycles. They were reproductively
normal as confirmed by negative microbiological culture of
endometrial and clitoral swabs, the absence of inflammatory
cells in endometrial and vaginal smears and a histopatholo-
gical assessment category I-lIA (Kenney and Doig 1986) of
H&E stained endometrial biopsies.

The experimental design used was a crossover case-control
study utilizing each animal as its own control. Transrectal
scanning of the reproductive tract was carried out daily on
each animal to follow the progress of their reproductive
cycles, and samples were collected at the appropriate stage
of the oestrous cycle. A uterine lavage was collected from
each mare at the beginning of oestrus (one or more ovarian
follicles with diameter 35 mm, coinciding with endometrial
oedema) and in the following dioestrus on day nine post-ovu-
lation. Uterine lavage was collected from mares as previous-
ly described (Nikolakopoulos and Watson 1999). The lavage
fluid was collected into 15 ml tubes and centrifuged at 800 g
for 15 minutes. The supernatant was decanted into a clean
tube and stored at -20°C. Bacterial endometritis was then
induced by inoculating the uterus via a sterile insemination
pipette with 10¢ cfu of S. zooepidemicus at the beginning of
oestrus in three mares and on day nine post-ovulation in two
mares. A uterine lavage was collected from each mare five
hours after inoculation, and again 20 hours after inoculation.
After collecting samples, all mares were monitored daily for
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clinical signs of endometritis, and mares that were inoculated
in dioestrus received endometritis treatment to ensure recove-
ry. Once all mares had recovered, confirmed by cytology and
microbiology of endometrial swabs, inoculations were repea-
ted so each mare had been inoculated both at cestrus and
dioestrus. The sampling regime was repeated, and clinical
monitoring and treatment were again carried out to ensure
recovery. In the final stage of the protocol, endometritis was
induced by mating four of the mares to a healthy stallion.
Uterine lavage fluid was collected five hours and 20 hours
post-mating.

The presence of gelatinase MMPs -9 and -2 in uterine lava-
ge fluid was investigated using gelatin substrate zymography
as described previously (Riley et al. 1999). Activities of tis-
sue inhibitors of MMPs (TIMPs) in uterine lavage fluid were
analysed by reverse zymography as described by Riley et al.
(1999). Statistical analyses were performed on relative den-
sitometric values of MMP and TIMP bands using a paired t-
test. Results were considered to be significant when
p<0.05.

Results

Gelatin zymography detected MMP-9 and MMP-2 in uterine
lavage fluid (Fig. 1a). Basal levels of MMP-9 (Fig. 1b) and
MMP-2 in control samples did not differ significantly bet-
ween oestrus and dioestrus. After S. zooepidemicus inocu-
lations and after mating, latent MMP-9 and MMP-2 activi-
ties were dramatically increased (p<0.001 in all cases).
Measured activity of MMP-9 five hours post inoculation in
oestrus was significantly lower than five hours post inocula-
tion in dioestrus (p<0.001) and five hours post mating

(p<0.05).

Reverse zymograms revealed the presence of TIMP-1 and -2,
and the glycosylated and unglycosylated forms of TIMP-3 in
all uterine lavages (Fig. 2a). However, amounts of TIMP-2
were consistently and significantly higher (p<0.05; Fig. 2b) in
dioestrus control samples than at oestrus and activity in sam-
ples taken during endometritis tended to be lower than in
control samples, with a significant reduction in TIMP-2 activi-
ty demonstrated five (p<0.01) and 20 (p<0.05) hours post-
inoculation in dioestrus.

Discussion

In this study it has been shown for the first time that the
gelatinases MMP-9 and MMP-2 are induced during acute
equine endometritis, both bacterial and breeding-induced.
This suggests that they are involved in the fissue remodel-
ling and repair process following an inflammatory respon-
se in the endometrium. Moreover, this is the first time that
TIMP activities have been reported in the equine endome-
trium.

The secretion of basal MMP-9 and MMP-2 by the equine
endometrium is low at oestrus and dioestrus and therefore
it is unlikely that they play a major role during the normal
equine oestrous cycle. This is not surprising as the equine
oestrous cycle does not involve the same degree of remo-
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delling the human menstrual cycle, where increased MMP-

9 activity is associated with menstruation (Goffin et al.
2003).

In this study the response to uterine insult by upregulation of
MMP secretion was rapid, and especially profound in the
case of MMP-9. We suggest that these MMPs are important
in the uterine inflammatory response and are rapidly and clo-
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Fig 1 Boxplot illustrating the number of lymphocytes/0.01 mm? in
stratum compactum of equine endometrial biopsies. Values labelled
a are significantly (p=0.005) higher than b, and values labelled c
are significantly (p<0.001) higher than a, b and d. 20h PI: 20 hours
after uterine inoculation with S. zooepidemicus. After breeding: 20
hours after natural breeding to a stallion.

Boxplot Darstellung der Lymphozytenzahl/0,01 mm? im Stratum com-
pactum der equinen Endometriumbiopsien. Mit a gekennzeichnete
Werte sind signifikant (p=0,005) héher als diese mit b. Mit c gekenn-
zeichneten Werte sind signifikant (0<0,001) héher als diese mit a, b
und d. 20h PI: 20 Stunden nach intrauteriner Verabreichung von S.
zooepidemicus. After breeding: 20 Stunden nach Belegung durch
einen Hengst.

sely regulated according to the stage of inflammation. It was
shown that the inflammatory response following breeding at
oestrus provoked a greater increase in MMP-9 activity than S.
zooepidemicus inoculation at oestrus. Natural breeding intro-
duces sperm as well as potentially pathogenic surface
microorganisms info the uterus which might amount to an
additive effect on MMP activity by these two inflammatory
components. It is known that spermatozoa induce an inflam-
matory response in the uterus through compliment activation
(Troedsson et al. 2001), but this is counteracted by an immu-
nosuppressive effect on uterine neutrophils by seminal plas-
ma (Alghamdi et al. 2004). MMP-9 expression in uterine

72

lavage fluid demonstrated little variation between mares.
This suggests precise regulation of MMP-9 expression associ-
ated with the profound inflammatory stimulation.

It was demonstrated that TIMPs were expressed in the mare
endometrium, with activity of TIMP-2 at a higher level during
dioestrus than during oestrus. The expression of TIMP-2 ten-
ded to decrease at the same time as an increase was seen in

a Oestrus | Dioestrus
Control | L'Strep | +Strep
Oe Dioce 5h 20h 5h 20h af mw kDa

TIMP-2

# ,, Doestrus
v 4
% c
>
£

34
E Oestrus
k-
g 2
b1
s a c
=
8 f E g & ?

04

CDn.trDI sh :105 EOhInDI: sh b'reer.l ZUhl;leed Con'vtrol Shl'noc ZDh'Inoc

Abb 2 Boxplot illustrating the number of lymphocytes/0.01 mm? in
stratum spongiosum of equine endometrial biopsies. Values labelled
a are significantly (p<0.005) lower than b. Values labelled c are sig-
nificantly (p<0.01) lower than e. Values labelled d are significantly
higher than a (p<0.001), and ¢ (p<0.005). 20h PI: 20 hours after
uterine inoculation with S. zooepidemicus. After breeding: 20 hours
after natural breeding to a stallion.

Boxplot Darstellung der Lymphozytenzahl/0,01 mm? im Stratum
spongiosum der equinen Endometriumbiopsien. Mit a gekennzeich-
nete Werte sind signifikant (p<0,005) niedriger als diese mit b. Mit ¢
gekennzeichnete Werte sind signifikant (p<0,01) niedriger als diese
mit e. Mit d gekennzeichnete Werte sind signifikant (p<0,001) héher
als diese mit a (p<0,001) und ¢ (p<0,005). 20h PI: 20 Stunden
nach intrauteriner Verabreichung von S. zooepidemicus. After bree-
ding: 20 Stunden nach Belegung durch einen Hengst.

2

MMP-9 and -2 activities after endometritis was induced. This
shows a different patftern of regulation to the human end-
ometrium, where a fluctuation in MMPs is not met by a fluc-

tuation in TIMP-2 activity during menstruation (Goffin et al.
2003).

In conclusion, this study has indicated that collagen remo-
delling by matrix metalloproteinases -9 and -2 and their
regulator by TIMP-2 takes place in the equine endometrium
during acute endometritis, and that the process is highly
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regulated. An alteration in the regulation of these MMPs
may lead to deposition of collagen as is seen in endometri-
al fibrosis.
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