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Summary: The aim of this study compared the use of two commercial equine semen extenders supplemented with chicken egg yolk or
Rhea americana egg yolk as a lipid source. Ejaculates from six Criollo stallions were visually and microscopically evaluated. Semen samples
were divided in two aliquots and diluted in centrifugation extender. Each aliquot was mixed with 2 different commercial semen extenders
with chicken or Rhea egg yolk for further cryopreservation. All the thawed samples were checked for total and progressive motility, physical
and functional membrane integrity (HOST test and CFDA-PI fluorescence) 1 week or more after cryopreservation. The best results were
observed between the commercial semen extenders but there was no strong evidence of Rhea egg yolk to enhance total and progressive
sperm motility. However, Rhea egg yolk as an alternative lipid source improved the sperm membrane functionality in both commercial equi-
ne semen extenders. The use of Rhea egg yolk might be a good replacement to supplement commercial equine semen extenders.
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Introduction

The artificial insemination with frozen semen in horses still has
some pitfalls that require attention due to individual varia-
tions, low dose yield per ejaculate, higher cost per pregnancy
and, the low pregnancy rates when compared with fresh or
refrigerated semen (Ball 1998, Backman et al. 2004). The
sperm cell suffers great stress during freezing and thawing
steps because the semen temperature drops from room tem-
perature to 8C and the next step, from -15 ºC to – 60 ºC
(Mazur 1984). This can be minimized using semen extenders
which protect the sperm cell during cryopreservation. Aurich
(2005) mentioned undefined semen extender composition
limits the understanding of good or poor semen evaluation
results during refrigeration.

Egg yolk has been used in semen extenders for years as a sour-
ce of lipids, aiming to reduce the sperm membrane damage.
It is one of the main components of equine semen extenders,
used in concentrations from 2.5 to 25 (Sieme 2011) because
it protects cell membrane against thermic shock (Parks and
Graham 1992, Sieme 2011). The mechanism is an interaction
between low- and high- densitylipoproteins which the low-den-
sity protein (LDL) acts a protective film in the cell surface (Mayer
and Lasley 1945, Parks and Graham 1992, Amann and Gra-
ham 1993, Watson 1995). LDL has properties to stabilize the
membrane and neutralize harmful components of seminal
plasma against the sperm cell (Aurich 2005). 

The cholesterol from egg yolk also helps in the membrane
stabilization of spermatozoa. The lack of this lipid source has

strong effect in the sperm membrane reorganization and
protein membrane fusion (Amann and Graham 1992,
Gadella et al. 2001, Gadella and Colenbrander 2003,
Cross 1998). The higher proportion of cholesterol:phospho-
lipids in plasma membrane promotes superior stability that
might increase viability and longevity of spermatozoa (White
1993, Cross 1998).

In the past years, egg yolks of several bird species have been
tested as a substitute of chicken egg yolk for semen extenders
due to distinct concentrations of lipids and proteins. Humes
and Webb (2006) demonstrated that the use of Alectoris chu-
kar egg yolk as semen extender component had higher total
and progressive sperm motility when compared to chicken egg
yolk. Another study used duck egg yolk (Anas platyrhynchos
domesticus) as water buffalo semen extender component
which exhibited higher post-thaw sperm motility with few sperm
defects compared to chicken egg yolk (Andrabi et al. 2008).
In South America, the native bird Rhea Americana is quite
abundant and farm-raised for meat, eggs and leather. The egg
size (600 grams) and the capability to find them locally encou-
raged to test this egg yolk as equine semen extender. This study
compared the use of two commercial semen extenders using
chicken or Rhea egg yolk as lipid source.

Materials and Methods

Two ejaculates from 16 Criollo stallions were screened befo-
re and after cryopreservation for this experiment. The semen
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was collected using Hannover model artificial vagina (Götze
1949) and one restrained mare in estrus was used as a
phantom. Stallions were kept in individual barns at stud
farms located at Rio Grande do Sul State, Brazil. Based on
the initial results, six stallions were chosen for the study. Six
ejaculates from each stallion were collected in the local
farms. The cryopreservation process was performed at Labo-
ratório de Reprodução Animal (PROREP),Universidade Fede-
ral do Pampa (Dom Pedrito, RS). The post-thawing analysis
were finalized in the Laboratório de Reprodução Animal
(REPROLAB), Universidade Federal do Rio Grande do Sul
(Porto Alegre).

The semen evaluation was assessed visually (gel volume,
gel-free volume, aspect) and microscopically (total and pro-
gressive motility; concentration, morphology). After evalua-
tion, samples were diluted 1:1 in centrifugation extender (FR-
1, Nutricell, São Paulo, Brazil), and centrifuged at 400×g
for 10min. 90 – 95% of the supernatant (extender plus semi-
nal plasma) was discarded. All samples were split in four ali-
quots and re-suspended to a final concentration of
200×106 sperm/mL. Each aliquot was mixed individually
with commercial extender A (glycerol as cryoprotectant) +
chicken egg yolk, commercial extender B (methylformimide
as cryoprotectant) + 20% chicken egg yolk , commercial
extender A + 20% Rhea egg yolk and commercial extender
B (methylformimide as cryoprotectant) + Rhea egg yolk
(Figure 1).

The semen samples were packed into 0.5ml straws (IMV
International Corporation, Minneapolis, MN, USA), cooled at
4 °C for 20min, and frozen 4 cm above liquid nitrogen level
for 20min before stored in liquid nitrogen (−196 °C). All the
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aliquots were checked for total and progressive motility, phy-
sical and functional membrane integrity (HOST test and
CFDA-PI fluorescence) at least 1 week after freezing. The
results were analyzed using 2×2 factorial design followed by
Bonferroni test (Prism 5, GraphPad, USA).

Table 1- semen characteristics from Criollo stallions.  

Stallion A B C D E F 

Number of ejaculates 6 6 6 6 5 5 

Volume 31,2±9,2 28,16±11,8 19,5±12,1 80,2±32,4 49,8±5,6 91,8±69,5 

Concentration (x 106 243±45,7 114,5±16,2 84,5±41,8 72,8±13,4 274±38,5 192,2±89 

TNS (x 109 spz/mL) 7,88±3,43 3,22±1,38 2,89±2,1 5,65±1,79 13,67±2,57 17,13±11,91 

TM (%) 78,4±15 80±17,7 73,4±17,3 65±12,7 82±8,4 85±5 

MP (%) 61,7±9,8 65±12,2 56,7±12,1 48,3±7,5 62±8,4 65±5 

TNS – total number of sperm; TM – total motility; PM - progressive.motility 

Fig. 1 – Schematic representation of the experimental design /
Schema des Versuchsaufbaus.

Fig. 2 – Effect of extender and egg
yolk type on total and progressive
motility and membrane functionality
and integrity of Criollo horses cryopre-
served semen. *** p<0.001, ** means
p < 0.01; a, b means p < 0.05. /
Auswirkung von Verdünner- und Ei-
gelbart auf die Gesamt- und Vorwärts-
bewegung sowie die Funktionalität
und Integrität der kryokonservierten
Samen der Criollohengste. ***
p<0,001, ** p< 0,01, a,b, p<0,05

61-64vanderLinden.qxp_Musterseite Artikel.qxd  16.12.13  14:24  Seite 62



Results

The ejaculates for cryopreservation had total sperm motility
between 65 to 85.5%, and progressive motility between 48.3
to 65% (Table 1). After the cryopreservation process, the
commercial extender B (methylformimide as cryoprotectant)
with either chicken egg yolk or Rhea egg yolk showed better
results fortotal and progressive motility and membrane func-
tionality (P<0.001, Figure 2). On the other hand, the mem-
brane integrity in the semen frozen with glycerol (extender A)
and chicken egg yolk had greater percentile than with Rhea
egg yolk (P<0.05).

Discussion

In the present work we tested the possibility of Rhea america-
na egg yolk as lipid source for equine semen extender. Our
results showed that Rhea egg yolk can be used as a replace-
ment of chicken egg yolk for stallion semen methylformamide
based-extender for cryopreservation. However there is a sig-
nificant reduction in sperm membrane integrity when a gly-
cerol-based semen extender is employed associated with
Rhea egg yolk. Perhaps, an intrinsic component of Rhea egg
yolk might have a deleterious effect on sperm membrane,
possibly an excess of polyunsaturated fatty acids (PUFA).
Wang et al. (2000) and Navarro (2001) described a ratio
PUFA/SFA (saturated fatty acid) three times greater in Rhea
egg yolk in comparison to chicken egg yolk. This fact sug-
gests that the use of this lipid source in equine semen exten-
der may increase oxidative stress, since higher concentration
of PUFA potentializes the formation of reactive oxygen species
(Sanocka and Kurpisz 2004). 

Rhea egg yolk has an augmented concentration of different
lipid molecules in contrast to chicken, such as arachidoc acid
(2.4 times greater), linoleic acid (5.28 times greater) and
oleic acid (2.28 times greater). These PUFA might be associ-
ated to the sperm membrane and they probably trigger a
chain reaction of lipid peroxidation events. Some animal spe-
cies with higher PUFA content in sperm membrane are more
susceptible to lipid peroxidation. Awda et al. (2009) descri-
bed wild boar semen is more susceptible to oxidative stress
due to higher PUFA content in membrane and to a reduced
antioxidant capacity in seminal plasma.

The frozen semen parameters found in this study confirmed
the superiority of amides-based extenders in comparison to
glycerol-based extenders, as described elsewhere (Gomes
2002, Papa et al. 2002, Terraciano et al. 2008). It is reaso-
nable to suggest that the benefits provided by the cryoprotec-
tant overcome the importance of the cryopreservation exten-
der lipid composition. In fact, it was proposed that the impor-
tance of the lipid fraction of a given extender is due to its
ability to bind to Binder of Sperm Proteins (BSP) from seminal
plasma (Manjunath et al. 2007). This class of proteins, in the
horse known as HSP1 and HSP2 (Manjunath et al. 2009),
induce changes in the sperm membrane by stimulating cho-
lesterol and phospholipids efflux. Consequently, the lipids in
the extender compete with sperm membrane fatty acids,
abolishing the detrimental effects of BSP proteins on sperm
cell (Manjunath et al. 2007). Thus, the lipid profile of the
extender might not be so important, as long as the extender
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has a lipid component to protect the sperm membrane from
fatty acid efflux. 

This work provides evidence that Rhea americana egg yolk
can be used as a substitute for chicken egg yolk in semen
extenders with methylformamide, however without increase in
semen quality.
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Oestrus suppression in mares by intrauterine glass spheres
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Introduction
Intrauterine devices (IUDs) consist of plastic or metal and are inserted through the vagina into the uterus. They are used to prevent preg-
nancy in human females and other species (rabbit, rat, cow). In sports mares intrauterine devices additionally are utilized to suppress
unwanted signs of oestrus behaviour during competition. Mares and stallions are showed at national and international equestrian com-
petition to present their quality. For breeders it is of interest that stallions but also mares have proven themselves in sports and if they
are capable of passing their qualities to the offspring. In this context sporting performance of mares become more important. Mares are
long-day, seasonally polyoestrous animals and consequently undergo cycling reproductive activity. As owner and trainers have difficulties
in training or riding mares during oestrus, they ask for options to suppress the oestrus behaviour. The use of intrauterine glass balls is
easy, inexpensive and minimal invasive. As well it avoids daily administration of hormones and is not doping-relevant. The presence of
foreign body in the uterine cavity (IUD) is known to interfere with reproduction in all species tested to date, but the mechanism of action
has not been fully elucidated. It is generally accepted that IUDs produce a sterile inflammatory reaction caused by the presence of a
foreign body in the uterus as a local effect. In cows, rabbits and ewes also a systemic effect involving the utero-ovarian-pituitary axis
has been supposed. The oestrus suppression in mares by intrauterine glass spheres is caused by prolonging primary luteal function. But
the biological mechanism is still unknown. However, hypotheses such as pseudopregnancy, placebo effect for mare owners and chronic
inflammation are discussed.

Material and Methods
For the study 30 mares were subdivided into four groups (G): G1: AI, pregnant (n=8); G2: AI, non-pregnant (cycling) (n=7); G3:
IUD, prolonged luteal phase (n=7) – IUD-P (IUD-Positive); G4: IUD, luteal phase of regular length (n=8) – IUD-N (IUD-Negative).
Pregnancy status was verified with transrectal ultrasonography. Biopsies were taken on day 15 post-ovulation. Progesteron values for
IUD-P mares were below 10 ng/ml in contrast IUD-N animals showed progesterone concentration above 10 ng/ml. The aim of this
immunohistochemical study was to investigate the expression pattern of different enzymes, uterine proteins and hormone receptors in
endometrial biopsies of mares with IUDs, compared to the expression in mares after artificial insemination (AI). Furthermore the end-
ometrial biopsy samples were analyzed for the number of inflammatory cells (neutrophils, eosinophils, mast cells, lymphocytes and

Zusammenfassung

Ziel dieser Studie war es, den Einsatz von zwei kommerziellen equinen Spermaverdünnern ergänzt durch Hühnereigelb oder Nandu-Eigelb als
Lipidquellen zu vergleichen. Ejakulate von sechs Criollo Hengsten wurden visuell und mikroskopisch ausgewertet. Die Samenproben wurden in
zwei Aliquots aufgeteilt und verdünnt. Jedes Aliquot wurde mit zwei verschiedenen kommerziellen Samenverdünnern mit Hühner- oder Nandue-
igelb für die weitere Kryokonservierung gemischt. Alle aufgetauten Proben wurden hinsichtlich der Gesamt- und progressiven Motilität sowie
physikalischer und funktioneller Integrität der Membran (HOST Test und CFDA -PI Fluoreszenz) eine Woche oder länger nach der Kryokonser-
vierung überprüft. Die besten Ergebnisse wurden zwischen den kommerziellen Samenverdünnern beobachtet, aber es gab keine stichhaltigen
Beweise dafür, dass Nandueigelb die Gesamt- und progressive Motilität der Spermien erhöht. Allerdings verbessert Nandueigelb als alternative
Lipidquelle die Membranfunktionalität der Spermien bei beiden kommerziellen equinen Spermaextendern. Die Verwendung von Nandueigelb
könnte ein guter Ersatz zur Ergänzung kommerzieller equiner Spermaverdünner sein.

Schlüsselwörter: Kryokonservierung / equines Sperma / Eigelb / Reproduktion
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macrophages). For analysis of the results the statistical package SPSS (SPSS Software-GmbH Munich) was used. Significance between
the groups (Kruskal-Wallis test/Mann-Whitney U test) was attributed at P <0.05/0.0125.

Results
The mares in group 1 (AI, pregnant) were younger in comparison with non-pregnant AI-animals (G2). Also IUD-mares with extended
luteal function (G3) were younger than IUD-N-horses (G4). Inseminated but non-pregnant mares (G2) were characterized by a distinc-
tive Uteroferrin (UF)- and COX-2 expression, while Uterocalcin (UC) was at a low level. In pregnant mares (G1) the UC-expression was
maximal, whereas only a weak immunolabelling for UF could be detected. Moreover, the expression of COX-2 was detectable in IUD-
mares (G3, G4) but not in pregnant mares (G1). In summary, inseminated mares (G1, G2) showed the expected expression patterns
correspondent to their reproductive cycle. In contrast IUD-animals (G3, G4) revealed a variable COX-2, UF and UC expression. No
significant difference of Uteroglobin-expression and Ki-67-expression (proliferation marker) could be determined between the groups.
Mares with prolonged luteal phase (G1: AI, pregnant; G3: IUD-P) and high progesterone concentration in the serum showed lower
oestrogene- and progesterone-receptor-expression in comparison to mares with regular luteal phase (G2: AI, cycling; G4: IUD-N) and
oestrogen dominance. No significant differences occurred between the numbers of neutrophils, eosinophils, mast cells and lymphocytes
in the endometrial samples of the groups. In the stratum compactum total numbers of macrophages in G1 (AI, pregnant) were signifi-
cantly higher than in G2 (AI, cycling), there was also a numerical increase in numbers of macrophages among G4 to G3, but the dif-
ference was not statistically significant.

Discussion
The endometrial changes of the immunolabelling for proteins and COX-2 in the IUD-mares compared to AI-mares confirm that the
effect of intrauterine glass spheres on the behaviour of the mare cannot be explained by a placebo effect. As pregnant mares and IUD-
mares with prolonged luteal phase showed a significantly different expression pattern for COX-2 and UF (p<0.01) it can be supposed,
that pseudopregnancy in IUD-mares with prolonged luteal phase is unlikely. A foreign body reaction is composed of macrophages and
an end-stage response of inflammatory responses following implantation of medical device. The higher number of these cells in G3
(IUD-P) could be indicative for a local effect (foreign body reaction) of IUDs in horses, but data of chronic inflammation in the equine
endometrium are rare. As the uterine susceptibility to infection varies between mares (resistant/susceptible mares), this could explain the
low efficiency of IUDs to suppress signs of oestrus (IUD-P: n=7; IUD-N: n=8). Possibly the age of the mare is relevant for efficiency
as well, as IUD-P are younger than IUD-N animals and NIE et al. (2003) observed a similar age-related distribution. The mechanism
of inhibiting luteolysis by IUDs is still unknown. Further studies are necessary to survey a possible systemic effect of IUDs affecting the
cycle length in mares.

New insights into the pathogenesis of equine endometrosis ? The role of
periglandular mononuclear cell infiltrates in the endometrium of mares 
K. Klose, H.-A. Schoon

Institute of Pathology, Faculty of Veterinary Medicine, University of Leipzig, Leipzig, Germany

Correspondence: Kristin Klose, Institut für Veterinär-Pathologie, Universität Leipzig, An den Tierkliniken 33, 04103 Leipzig, Germany. 
E-Mail: kristin.klose@vetmed.uni-leipzig.de

Introduction
Aetiopathogenesis of endometrosis in the endometrium of mares has not been clarified completely by now. Endometritis or at least
inflammatory cell infiltration were among others considered to be one of the triggering factors of equine endometrosis. During the rou-
tine histopathological assessment of endometrial biopsies of mares inflammatory cell infiltrates around endometrial glands can be notic-
ed from time to time, but nevertheless regularly. However the relevance of these cell infiltrates has not been studied yet and their impor-
tance in the endometrial context is unknown. Therefore the main objective of this study was to detect these periglandular inflammatory
foci and analyse their occurrence in matters of frequency and seasonality as well as to determine the clinical and endometrial status of
the affected mares. In particular a potential influence of these periglandular accentuated cell infiltrates on early stages of equine endo-
metrosis and/or on the progression of existing endmetrotic alterations should be examined.

Material and methods
All biopsies examined in routine diagnostics during 2009 (n=754) were retrospecitvely scanned for inflammatory cells accentuated
around endometrial glands.133 biopsies with one or more than one of these periglandular inflammatory foci could be found out. These
biopsies were histopathologically examined by H/E-staining. For further investigations all selected slides were stained with Methylgreen-
pyronin-staining (detecting plasma cells) and were examined by means of immunohistochemistry (CD 3, CD 79A, MAC 387 [differen-
tiating inflammatory cells]; laminin [marking basal lamina]; vimentin, desmin, a-smooth-muscle-actin (a-SMA) [marking intermediate
filaments in epithelial and stromal cells]).

Results
The periglandular cell infiltrates occurred in samples taken throughout the whole year without any particular seasonal changes in fre-
quency. Inflammatory cells around endometrial glands could be detected in about 15% to 20% of the biopsies in each month. Including
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the mares’ individual data no connection to age or parity of the examined mares could be observed. On average the affected mares
are 15 years old and gave birth to 2 foals. Periglandular cell infiltrates consisted mainly of mononuclear cells and often occurred simul-
taneously to concurrent endometrosis and/or endometritis. Samples without any pathological signs could also be found. Occasionally
infiltration of inflammatory cells into the glandular epithelium could be noticed. The majority of the selected biopsies with periglandular
inflammatory foci exhibit also endometrotic lesions with varying characteristics in quantity and quality. Only 13 of the 133 biopsies do
not show any signs of periglandular fibrosis. Periglandular accentuated inflammatory cells are attached around “healthy” endometrial
glands as well as around or adjacent to glands affected by periglandular fibrosis. In more than half of the selected samples (n=84) the
endometria show an endometritis. Mostly a mild endometritis can be found (67%). Beside lymphoplasmacellular endometritis (71%)
there are also suppurative and mixed-cellular inflammatory alterations as well as in one case an eosinophilic endometritis. It could be
noticed that the involved inflammatory cell population is always dominated by T-lymphocytes. Plasma cells, B-lymphocytes and macro-
phages take also part in the periglandular accentuated inflammation, but in smaller numbers. Thereby plasma cells occur in a moderate
number whereas B-lymphocytes and macrophages could only be rarely found within the periglandular inflammation cell population.
The underlying glandular basal lamina of the affected glands was altered in almost each localisation. In such cases the basal lamina
seemed to be swollen or it even appeared discontinuous. In glandular epithelial cells expression of vimentin could be found rarely. End-
ometrial stromal cells surrounding affected glands showed rarely an expression of desmin and regularly an expression of a-SMA. 

Discussion
Periglandular accentuated mononuclear cells often occur in altered equine endometria. However the endometrial glands surrounded
by inflammatory cells show in most cases no obvious signs of endometrosis. Likewise the periglandular infiltration does not seem to be
associated to an endometritis, as the dominating cell population within the periglandular accumulation of inflammatory cells is always
composed of T-lymphocytes, in spite of the character of concurrent endometritis (e.g. lymphoplasmacellular, suppurative, mixed-cellu-
lar). In stromal cells, surrounding the affected endometrial glands the expression patterns of the intermediate filaments (vimentin, des-
min, a-SMA) are comparable to those in early stages of equine endometrosis. Consequently the periglandular accumulation of mono-
nuclear cells around endometrial glands associated with basal lamina alterations could be interpreted as one of the triggering factors
of equine endometrosis. It is conceivable that the damage of the basal lamina leads to the development of a periglandular fibrosis in
terms of reparation. In further studies the cause for the accumulation of inflammatory cells around endometrial glands and the infiltration
into the glandular epithelium has still to be determined.

Analysis of reproductive disorders in performance mares using the 
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Similar to human female athletes, temporary subfertility can be observed in performance mares that recently completed their career in
sports. In contrast after having bred once, they conceive the next time quite easy. In human female athletes it is known, that intensive
physical workout affects the ovarian function. It has been recognized, that the microscopic examination of an endometrial biopsy can
reveal glandular alterations that are indicative for the presence of an ovarian dysfunction. Therefore, the objective of this study was the
histopathological and immunohistological examination of endometrial biopsies of performance mares to search for findings suggestive
of an ovarian disorder and possible additional lesions that could impair fertility.  

In this study, endometrial biopsies collected from 152 performance mares were investigated. The sport mares of this study had partici-
pated in tournaments of class M, S or in international competitions. The time duration between the retirement from sports and the col-
lection of the endometrial biopsy was reported as “less than 1 year”, “1 year” and “2 or more years”. The age of the performance
mares ranged between 6 and 20 years (average age: 13 years). The biopsies had been submitted as formalin-fixed specimens to the
Institute of Veterinary Pathology, University of Leipzig between1994 and 2012. Biopsies of all mares (n=152) were examined to dia-
gnose endometrosis and endometritis (Schoon et al. 1997). Moreover, biopsies of mares that were collected during the breeding season
(n=82) were investigated for the presence of the main two forms of differentiation disorders, i.e. glandular inactivity and irregular mal-
differentiation. To verify the presence of an irregular maldifferentiation, selected cases (n=24) were immunostained using antibodies
detecting progesterone and oestrogen receptors. Semiquantitative analysis of the immunosignal was performed using an immunoreac-
tive score and variance analysis.  

Seventy-four percent (113/152) of performance mares had degenerative glandular lesions consistent with endometrosis, these were mild
in 64, moderate in 43 and marked in 6 mares. In 28% (42/152) of the mares, endometrial inflammation was observed. Endometritis
was mild in 34, moderate in 7 and marked 1 mare. Differentiation disorders were detected in 40 of 82 (49%) mares during the breeding
season including glandular inactivity in 8 mares, and an irregular glandular differentiation in 32 mares. In regard to the mares (n=32)
with an irregular glandular differentiation, 10 showed an irregular proliferative differentiation, 15 an irregular secretory differentiation
and 7 mares a completely irregular differentiation. The irregular glandular differentiation was confirmed by immunohistochemistry. Irre-
gularly differentiated endometria showed an abnormal steroid hormone receptor expression, characterized by a high intra- and inter-

8th International Conference on Equine Reproductive Medicine abstracts

Pferdeheilkunde 30 (2014)66

61-64vanderLinden.qxp_Musterseite Artikel.qxd  16.12.13  14:24  Seite 66



glandular variance of the immunoreaction. Notably, during the breeding season, the type of predominantly observed differentiation
disorder varied depending on the time duration between the mare’s retirement from sports and the biopsy collection. Glandular inactivity
occurred mostly in mares that had retired less than 1 year ago (5 of 8 mares with glandular inactivity); none of the mares that had spent
2 or more years out of sports showed this endometrial differentiation disorder. An irregular proliferative differentiation was seen most
frequently in mares having completed their sports career less than 1 year ago (4 of 31; 13%) and approximately 1 year ago (5 of 32;
16%). An increase in the incidence of an irregular secretory differentiation was diagnosed from mares having retired less than one year
ago (7%; 2 of 31) to those having completed their sport career around 1 year ago (19%; 6 of 32); the irregular secretory glandular
morphology was most commonly observed in mares that had spent 2 or more years out of sports (37%; 7 of 19).

The diagnosed inflammatory and degenerative endometrial alterations were predominantly mild to moderate. Therefore, the presence
of solely these alterations could not explain the clinically observed reduced fertility of sports mares. Interestingly, a high number of per-
formance mares with differentiation disorders of the endometrium during the breeding season were observed. This was in contrast to
the numbers of mares with endometrial differentiation disorders reported in the literature (7–10%), the latter refers to endometrial biop-
sies of different types of mares including broodmares. Furthermore, an association between the type of the endometrial differentiation
disorder and the time duration between the completion of a mare’s sports career and the biopsy retrieval was noted, i.e. glandular inac-
tivity was only observed in mares that had retired recently. Glandular inactivity as well as an irregular glandular differentiation is most
commonly caused by an ovarian dysfunction. This is described in horses and in human beings. Both forms of a differentiation disorder,
however, may also occur without detectable underlying cause. In summary, results of this study suggest that hormonal imbalances (most
likely related to ovarian dysfunction) are responsible for endometrial differentiation disorders, leading to subfertility in performance
mares. Further clinical studies are needed that investigate the ovarian function of sport mares.
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In females Anti-Muellerian hormone (AMH) is produced only from granulosa cells, manly expressed from preantral, secondary follicles
during follicle recruitment. Therefore it is used as an independent endocrine marker for this pool of small gonadotropin responsive fol-
licles, which are also termed the ovarian follicular reserve. In human medicine the parameter AMH is used in assistant reproductive tech-
niques to predict the menopause, to prevent hyperstimulation syndrome of the patients and to calculate an individual FSH dose in a
superstimulation protocol. But the knowledge about AMH in horses is very rare. In recent publications the role of AMH for identifying
granulosa cell tumors in mares or for cryptorchidism in stallions is described. But there is a lack of information of the role of AMH for
follicular development under the special endocrine situation in mares or the potential usefulness of AMH for assisted reproduction tech-
niques in horses. With our recent work, we wanted to provide knowledge on this specific field. 

One of our studies aimed to determine AMH levels in follicular fluid of tertiary follicles and to investigate their relationships to antral
follicle development in mares. Therefore, fluids of follicles in different developmental stages were obtained by repeated, transvaginal
ultrasound guided-follicle aspirations from 8 mares during dioestrus and from preovulatory follicles (after hCG-inducted ovulation)
during oestrus. AMH concentrations of follicular fluids were determined with a human ELISA Kit (DSL-10-144400). Subsequently, the
relations between AMH-, 17ß-estradiol-, progesterone- and IGF-1 concentrations in the follicular fluids as well as relations to follicular
size and developmental stage were studied. Data showed significant negative correlations between intra follicular concentrations of
AMH and 17ß-estradiol (r =-0.58; p<0.0001) as well as between AMH and follicle diameter (r=-0.76; p<0.001), but not between
AMH and progesterone or IGF-1. Based on the observed dynamic changes of AMH secretion in large antral follicles during follicle deve-
lopment, a regulatory involvement of AMH in equine follicle development is likely by an estrogenesis modification in mares. 

The aim of another study of our group was to describe AMH levels in equine plasma and their relationship to follicular growth in mares.
We chose 4 mares, out of 12 oocyte donor mares (after weekly repeated ultrasound guided follicles aspiration sessions), which had
developed constantly a high number of follicles between the aspiration sessions (average of 11.1±1.1 follicles per session) and 4
mares, which showed constantly low numbers of new grown follicles (6.2±0.5 follicles) between the weekly aspiration sessions. Plasma
AMH levels were measured in blood samples, which were taken from each mare at five consecutive follicle aspiration sessions. Mares
with many new grown follicles had significant higher plasma AMH levels (1.2±0.05ng/ml) compared to mares with a lower number
of new grown follicles (0.6±0.04ng/ml; p<0.001). Individual AMH levels remained at a constant level during the observed period in
each mare. We concluded that plasma AMH levels can be used to predict the number of available follicles in a follicle aspiration pro-
gram in mares and therefore it could be also a marker to calculate the ovarian follicular reserve in mares. 

In conclusion, our results implicate that intrafollicular AMH could be involved in dominant follicle development as an inhibiting factor
and that AMH levels in plasma can be used as a marker of the ovarian follicular reserve in mares. Due to species-specific features, the
results should be discussed considering their potential relevance to a controlled superovulation in mares. 
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