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bstract

The treatment of early pregnant mares with a history of repeated early embryonic loss with the progestin altrenogest has
ecome routine; however no controlled studies on the efficiency of altrenogest to prevent embryonic losses are available so far.
n the present study, we have investigated effects of altrenogest treatment in mares on conceptus development and the secretion
f LH, progesterone, and eCG until day 100 of pregnancy. In addition, differences related to age of mares were assessed. Mares
ere treated with altrenogest (0.044 mg/kg per os once daily) or sunflower oil (10 ml per os once daily) from day 6 to day 100

fter ovulation. Blood samples for analysis of LH, progesterone, and eCG were collected. The size of the embryonic vesicle and
mbryo/fetus was determined by ultrasound. No difference in the per cycle pregnancy rate between altrenogest-treated (75%) and
unflower oil-treated mares (74%) was detected (n.s.). A significant effect of age but not of altrenogest treatment on mean diameter
f the embryonic vesicle was found between days 12 and 22 of pregnancy (e.g. day 15: control, 4–8 years: 22.9 � 1.0 mm, �8
ears: 22.0 � 1.7 mm, altrenogest, 4–8 years: 26.1 � 2.0 mm, �8 years: 20.4 � 1.0 mm, P � 0.05). A significant effect of age
nd treatment on size of the embryo proper between days 30 and 45 was detected (P � 0.05). In the control group but not in the
ltrenogest group, size of the embryo proper respective fetus was negatively correlated with age of the mares (day 30: r � �0.834,
� 0.05; day 35: r � �0.506, P � 0.05). Plasma concentrations of LH and progesterone were neither effected by age nor by

reatment of mares, but significant effects of age and altrenogest treatment on eCG concentrations between days 40 and 130 were
etected (P � 0.05). The present study demonstrates for the first time a positive influence of altrenogest-treatment on a retarded
evelopment of the embryo respective fetus around the beginning of placentation in mares older than 8 years.

2011 Elsevier Inc. All rights reserved.
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. Introduction

Early pregnancy loss until approximately day 20
fter ovulation is a major reason for low reproductive
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5077 5491.
pE-mail address: christine.aurich@vetmeduni.ac.at (C. Aurich).
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fficiency in subfertile mares [1,2]. Treatment of early
regnant mares with a history of repeated early embry-
nic loss with the progestin altrenogest has become
outine [3]. Altrenogest has been shown to efficiently
aintain pregnancy in ovariectomized embryo recipient
ares until the onset of placental progestin synthesis [4,5].
imilarly, altrenogest prevents embryonic loss in early

regnant mares after ovariectomy or induction of luteoly-

mailto:christine.aurich@vetmeduni.ac.at
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is [6,7,8]. However, no controlled studies on the
fficiency of altrenogest administration for preven-
ion of embryonic loss in fertile and subfertile mares
re available so far.

After ovulation, pregnancy is maintained by proges-
erone from the corpus luteum. During the initial phase
f gestation in mares, maximal concentrations of pro-
esterone are reached on day 8 after ovulation and
ubsequently slowly decrease [9]. This is paralleled by
progressive decrease in the mean cross-sectional area
f the CL from day 4 of the cycle [10]. Maternal
ecognition of pregnancy in the mare occurs between
ays 10 and 14 after ovulation [9]. However, its exact
echanism is still unknown in the horse. After recog-

ition of pregnancy, the primary corpus luteum is re-
ponsible for maintenance of pregnancy for the next 3
o 4 weeks. During this period, progesterone secretion
ay decrease to concentrations much lower than during

he first 10 days of pregnancy [3]. Development of
ccessory corpora lutea as a result of endometrial cup
ormation and associated eCG synthesis starting ap-
roximately on day 37 [11] leads to a second pro-
ounced increase in progesterone concentration from
ay 40 onwards [12]. A gradual degeneration of the
ndometrial cups and consequently a loss of eCG syn-
hesis capacity is initiated after day 70 of pregnancy by
n immune reaction of the endometrium, subsequently
lso resulting in regression of the accessory corpora
utea [13]. The primary corpus luteum itself is main-
ained until day 160 to 180 after ovulation [14,12].
owever, placental progestin synthesis in the pregnant
are starts as early as day 60 after ovulation. There-

ore, from day 70 onwards, circulating progestin con-
entration in the pregnant mare is considered a mixture
f luteal progesterone and placental progestins. From
ay 160 of pregnancy onwards, progesterone itself can
o longer be detected in the maternal circulation [15].

In approximately 10% of fertile mares, early embry-
nic loss occurs. In subfertile mares, this condition is
een even more frequently and also occurs over a

able 1
ge, weight and reproductive history of experimental mares

ge
roup

Treatment Number of
mares (n)

Age (years) Weight (kg)

–8 years Control 11 5.9 � 0.4a 532.8 � 9.3
Altrenogest 8 4.7 � 0.6a 533.9 � 8.5

8 years Control 5 12.4 � 1.5b 551.7 � 13.2
Altrenogest 8 11.3 � 0.7b 556.0 � 17.1

* Including season/pregnancy included into the experiment.

a,b Significant differences between age groups (P � 0.05).
onger period of time [1]. Insufficient growth and de-
elopment of the conceptus are considered major rea-
ons for early embryonic losses. Thus in embryos with
ubnormal size, the loss rate is higher than in embryos
ith normal size [1,16,17,18]. In aged mares, the qual-

ty of early embryos is inferior than in young mares
19]. Approximately 60% of early pregnancy losses
ccur between days 15 and 35 [2]. However, it is
nclear whether subnormal progesterone concentration
ontributes to failure of embryonic development in the
orse [3]. In cows, a positive relationship between
rogesterone concentration in maternal plasma and de-
elopment of the embryo, resulting in a stronger anti-
uteolytic signal has been demonstrated [20,21,22]. In
he mare, the presence of progesterone seems to be a
rerequisite for mobility of the conceptus as well as its
ubsequent fixation and orientation in the uterus [23].

In the present study, we have investigated effects of
ltrenogest treatment of early-pregnant mares on con-
eptus development and secretion of the reproductive
ormones LH, progesterone, and eCG. Differences be-
ween altrenogest-treated and non-treated mares in re-
ation to age of the mares were assessed.

. Materials and methods

.1. Experimental animals and breeding management

.1.1. Animals
Mares were warmblood mares (n � 32) of the Bran-

enburg breed belonging to the broodmare herd of the
randenburg State Stud at Neustadt (Dosse), Germany.
ge, weight, and reproductive history of mares are

hown in Table 1. Mares were kept in groups of 8 to 10
nimals. Until the end of April, mares were housed in
pacious group stables. During this time they were fed
ats (3 kg per mare and day) and minerals thrice daily.
ay was given ad libitum. During daytime, the mare
roups spent several hours in outdoor paddocks. From

s in season used for
riment (Maiden/
ting/barren)

Number of
breeding seasons* (n)

Number of
pregnancies carried
to term* (n)

1/8/2 3.7 � 0.6a 3.0 � 0.4a

2/6/0 3.1 � 0.9a 3.1 � 0.9a

0/2/3 10.6 � 1.6b 8.4 � 1.0b

0/4/4 8.9 � 0.7b 7.1 � 0.5b
Statu
expe
lacta
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he end of April, mares spend the daytime on pasture
nd the night in spacious group stables. During this
ime of the year, they were fed oats (2 kg per mare and
ay) and minerals twice daily, at night hay was avail-
ble ad libitum. They always had access to water.

.1.2. Breeding management
Mares were controlled for oestrous behavior with a

tallion three times per week. At the time of expected
oal heat (approximately 6 days after foaling) or when
he mares showed signs of oestrus, ovaries were exam-
ned for the presence of follicles and the uterus for the
resence of endometrial oedema by rectal palpation and
canning with a 7.0 MHz linear scanner (DP-6600Vet,
indray, Shenzhen, China). When a follicle of 35 mm in

iameter together with uterine oedema was detected
ares were bred with semen from a stallion chosen by the

tudfarm director. Seventeen different stallions with
roven fertility were selected. One stallion was used to
reed 8 mares that belonged to all mare groups. For the
ther stallions the number of mares bred ranged between
ne and three, but the number of mares per group that was
red to the same stallion never exceeded two. All insem-
nation doses met quality criteria as defined by the World
reeding Association for Sport Horses (2009). In case
ares did not ovulate within 48 hours, insemination was

epeated at 48 hour-intervals with semen from the same
tallion. The day of ovulation (� day 0) was defined as the
ay before the first detection of a corpus luteum by ultra-
ound.

.2. Experimental design

Mares were assigned to control and altrenogest treat-
ents in alternating order when they were bred for the
rst time. The animals were further grouped into mares
etween 4 and 8 years of age (n � 19) and mares of 9
ears and older (n � 13; see Table 1) to determine pos-
ible effects of age and interactions between age and
reatment on development of the conceptus and secretion
f reproductive hormones. Mares were treated with al-
renogest (0.044 mg/kg per os once daily, Regumate
quine, Intervet, Beaucouzé, France) or placebo (sun-
ower oil, 10 ml per os once daily) from day 6 to day 100
fter ovulation. Day 1 of pregnancy for the whole group of
xperimental animals was between 2 March and 22 May
n the same breeding season. The experiment was per-
ormed according to German animal welfare legislation
nd was approved by the Brandenburg State Ministry for
ural Development, Environment and Consumer Protec-
ion. r
.3. Experimental procedures

Blood samples from the animals were collected by
enipuncture into heparinized tubes (Vacuette, Greiner,
remsmünster, Austria) on days 1, 3, and 5, daily from
ay 6 to day 18, at two day-intervals from day 20 to day
4, daily from day 35 to day 45 and at two day-intervals
rom day 47 to day 99 after ovulation. The sampling
chedule takes into account two critical phases for the
aintenance of pregnancy: maternal recognition of

regnancy (days before day 18) and the beginning of
lacentation and eCG secretion (days 35–45). Addi-
ional blood samples were collected on days 110, 120,
nd 130 after ovulation. Immediately after collection,
ll blood samples were centrifuged at 1200 g for 10
in, the plasma was decanted and frozen at �20 °C

ntil assayed. Only blood samples from mares found
regnant on day 12 after ovulation by ultrasonographic
etection of a conceptus were included into the exper-
ment.

Transrectal ultrasound examination of the conceptus
as performed on days 12, 15, 18, 20, 22, 30, 35, 40,

nd 45 after ovulation. On days 12 to 22, the diameter
f the embryonic vesicle was determined in two dimen-
ions using the electronic calippers of the ultrasound
achine. The mean of the two measurements was

alculated as mean diameter of the vesicle. Embry-
nic vesicles were rated as undersized when their
iameter was smaller than the mean diameter of all
mbryos minus 2 standard deviations [16]. On days
0, 35, 40, and 45, the largest length and height of
he embryo proper or fetus was determined using the
lectronic calippers. The mean of the two measure-
ents was calculated as mean size of the embryo/

etus. On days 60, 80, and 100, mares were again
hecked for the presence of a healthy fetus by rectal
ltrasonography.

.4. Hormone analysis

.4.1. Equine LH
LH was determined by RIA as described previ-

usly [24] using equine LH (Biogenesis, Poole En-
land) as standard and for iodination and an antibody
aised in rabbits against equine LH (A 543, Biogen-
sis). Intra- and interassay variations of the assay
ere 5.7% and 8.2%, respectively; the minimal de-

ectable concentration of the assay was 0.5 ng/ml.
ross-reactivity of the antibody with equine FSH

E276B, Dr. H. Papkoff, University of California,
an Francisco, CA, USA) was less than 2.8%, cross-

eactivity with eCG was 23%.
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.4.2. Progesterone
Progesterone was determined using a commercial

hemiluminescence-based method (ACS: 180 Auto-
ated System with kit PRGE, Bayer Vital, Fernwald,
ermany). The validity of this method in horses was

onfirmed by previous comparative measurements us-
ng a well established RIA method after sample extrac-
ion with hexane [25]. The minimum detectable con-
entration was at 0.1 ng/ml. Inter-assay coefficients of
ariation were 14.3 and 5.2%, for the low (1.29 ng/ml)
nd high (8.74 ng/ml) control points, respectively.

.4.3. eCG
Assessment of PSMG (eCG)-levels was performed

sing a commercially available enzyme-linked immu-
osorbent assay (DRG Instruments, Marburg, Ger-
any) following the manufacturers instructions. The
inimum detectable concentration was 25 mlU/ml, in-

erassay variation was 18%.

.5. Statistical analysis

Statistical analysis was performed with the programme
PSS for windows version 17.0. The pregnancy rate be-

ween treatment groups was compared by Chi-Square
nalysis. To evaluate effects of age and treatment group
n the different parameters analysed (size of the embry-
nic vesicle, size of the embryo proper or fetus and con-
entrations of LH, progesterone and eCG) the general linear
odel for repeated measures procedure was used, For eval-

ation of LH concentration by analysis of variance for re-
eated measures, the experimental period was divided into
he following periods: 1) formation of the corpus luteum (day

to day 6 after ovulation); and 2) the time from day 6 until
ay 34 after ovulation. After day 34 a significant increase in
H concentration was determined due to cross-reactivity
f the LH-antibody with eCG. Concentration of LH was
herefore not further analysed after day 35. For evaluation
f progesterone concentration over time, the experimental
eriod was divided into the following periods: 1) day 1 to day
after ovulation (formation of the corpus luteum); 2) day
to day 35 (until beginning of eCG production); 3) day 35

o day 51; 4) day 51 to day 99 after ovulation. Correlations
ere evaluated using the Pearson correlation test. A P-
alue of � 0.05 was considered significant. All values
iven are means � SEM.

. Results

.1. Fertility of mares and development of the conceptus

No difference in the pregnancy rate per cycle be-
ween altrenogest-treated (75%) and placebo-treated

ares (74%) was detected (n.s.). None of the mares i
regnant on day 12 after ovulation subsequently lost
er pregnancy and all mares gave birth to healthy ma-
ure foals during the next spring.

The size of the embryonic vesicle increased signif-
cantly from day 12 to day 22 after ovulation irrespec-
ive of age and treatment (P � 0.05, Fig. 1). A signif-
cant effect of age on mean diameter of the embryonic
esicle was found. An undersized embryonic vesicle
as detected in one control mare aged 12 years on days
2, 15, and 20, but subsequently size and development
ecame normal. In one altrenogest-treated mare aged
2 years, the embryonic vesicle was found to be un-
ersized on days 20 and 22 after ovulation, but showed
ormal development thereafter. In an 18 year old con-
rol mare, the vesicle was found to be undersized on
ay 20 after ovulation only. No significant effects of
ltrenogest treatment on diameter of the embryonic
esicle could be detected until day 22. The size of the
mbryonic vesicle on day 12 was correlated with the
ize on day 15 (r � 0.729, P � 0.05) and the size of
he vesicle on day 20 was correlated with the size on
ay 22 (r � 0.756, P � 0.05). Furthermore, a negative
orrelation between size of the vesicle on day 20 and
he age of the mare (r � �0.475, P � 0.05) was found

igure 1. Mean size of the embryonic vesicle (mm diameter, mean �
EM) in early pregnant mares aged 4 to 8 years (Œ, �) or �8 years

□, �) during treatment with altrenogest (closed symbols) or with
unflower oil (open symbols) from day 6 after ovulation. �: effect of
ge over time: P � 0.05.
rrespective of treatment.
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The mean size of the embryo respective fetus (from
ay 35 onwards) increased significantly between days 30
nd 45 after ovulation in all groups (P � 0.05, Figure 2).

significant influence of age and treatment between days
0 and 45 was detected (P � 0.05). Mean size of the
mbryo proper on day 30 was 12.4 � 0.6 mm in control
ares aged 4–8 years, 8.9 � 0.6 mm in control mares

lder than 8 years, 11.1 � 0.6 mm in altrenogest-treated
ares aged 4–8 years and 10.9 � 0.8 mm in altrenogest-

reated mares older than 8 years (Figure 2).
In the control group, size of the embryo proper

espective fetus was negatively correlated with age of
he mares (day 30: r � �0.834, P � 0.05; day 35: r �

0.506, P � 0.05) as well as the number of active
reeding seasons per mare (day 30: r � �0.820, P �
.05; day 35: r � �0.533, P � 0.05). These correla-
ions were lost in altrenogest-treated mares. The size of
he embryo proper on day 30 was positively correlated
o fetal size on day 35 (r � 0.767, P � 0.05).

.2. Concentration of reproductive hormones

.2.1. Luteinising hormone
Mean concentration of LH significantly decreased

rom day 1 to day 6 after ovulation in all mares irre-
pective of age and treatment (P � 0.05). Thereafter,
he concentration of LH was at a constant low level

igure 2. Mean size of the embryo proper (mm, mean � SEM)
espective fetus (�day 35) in early pregnant mares aged 4 to 8 years
Œ, �) or �8 years (□, �) during treatment with altrenogest (closed
ymbols) or with sunflower oil (open symbols) from day 6 after

vulation. *: effect of age x treatment:over time: P � 0.05. t
nd neither affected by age nor by treatment of mares
Figure 3).

.2.2. Progesterone
Plasma progesterone concentration significantly in-

reased from day 1 to day 6 after ovulation (P � 0.05)
rrespective of age and treatment. A significant de-
rease in progesterone from day 6 to day 34 (P � 0.05)
ccurred in all mares and was followed by a second
ncrease in progesterone concentration from day 35 to
1 (P � 0.05). No effects of age or treatment on
rogesterone secretion could be determined. After day
1, progesterone concentration was relatively constant
nd not affected by treatment or age (Figure 4).

igure 3. Mean concentration of LH (ng/ml, mean � SEM) in early
regnant mares aged 4 to 8 years (Œ, �) or �8 years (□, �) during
reatment with altrenogest (closed symbols) or with sunflower oil
open symbols) from day 6 after ovulation. No significant effect of
ge or treatment.

igure 4. Mean concentration of progesterone (ng/ml, mean � SEM) in
arly pregnant mares aged 4 to 8 years (Œ, �) or �8 years (□, �) during
reatment with altrenogest (closed symbols) or with sunflower oil (open
ymbols) from day 6 after ovulation. No significant effect of age or

reatment.
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.2.3. Equine chorionic gonadotropin
A significant interaction of age and treatment over

ime (P � 0.05) on eCG concentration was detected
Figure 5). Concentrations of eCG on day 79 were 851 �
34 ng/ml in 4-8 year-old control mares, 1156 � 725
g/ml in control mares �8 years, 1691 � 262 ng/ml in
ltrenogest-treated 4–8 year old mares and 725 � 152
g/ml in altrenogest-treated mares �8 years.

. Discussion

In the present study, effects of age and altrenogest
reatment on conceptus development and the secretion
f reproductive hormones during early pregnancy in
ares were investigated. One important finding is that

onceptus development is limited in mares aged �8
ears in comparison to mares between 4 and 8 years of
ge. In the older animals, size of the embryonic vesicle
s well as size of the embryo proper respective fetus
as smaller than in the younger mares. Embryonic
esicles that subsequently undergo early embryonic
eath on average are smaller than control vesicles in
aintained pregnancies [16]. Besides retarded growth,

lso cellular degeneration and extensive cellular necro-
is are found to a higher degree in embryos from sub-
ertile than from fertile mares [26]. An inferior size of
he conceptus in mares from an age of 9 years onwards
s in agreement with a higher pregnancy loss rate in
horoughbred mares of similar age [2]. Interestingly,
one of the mares in the present study lost her preg-
ancy. However, all of them have to be considered as
ares of high fertility that are kept as broodmares on a

ommercial studfarm and were used for breeding con-
inuously from an age of 3 years. Mares with low
ertility or repeated pregnancy loss are usually excluded

igure 5. Mean concentration of eCG (ng/ml, mean � SEM) in early
regnant mares aged 4 to 8 years (Œ, �) or �8 years (□, �) during
reatment with altrenogest (closed symbols) or with sunflower oil
open symbols) from day 6 after ovulation. *: effect of age x treat-
ent over time: P � 0.05.
rom that herd. Moreover, the per cycle pregnancy rate a
f approximately 75% in the present study is high in
omparison to a 60% per cycle pregnancy rate in a
ather unselected broodmare population [2]. However,
t cannot be excluded that fertility and also rate of
mbryonic death might differ if a higher number of
xperimental animals would have been used for the
tudy. Before the experiment started, the mares were
ot examined for their endometrial status, but none of
he mares showed signs of susceptibility to endometritis
uring breeding. Together this may reflect that the
ndometrial status of the experimental animals used in
he present study is good and potentially allows an
nimpaired early development of the conceptus. The
maller size of the embryonic vesicle respective em-
ryo proper and fetus in older mares may be caused by
lower oocyte quality in these mares [19] resulting in

elayed embryonic development but not necessarily
eading to pregnancy loss if overcome by a favourable
terine environment. Thus, even undersized embryonic
esicles survived. Similarly, day 2 embryos from
oung, fertile and old, subfertile mares reached the
lastocyst stage to the same extent when cultured in an
n vitro system. The quality score of the blastocysts was
ot different when they were co-cultured with oviductal
pithelial cells from young mares. In contrast, co-cul-
ure of day 2 embryos from the old, subfertile mares
ith oviductal epithelial cells from old mares resulted

n inferior quality of the blastocysts after 7 days [19].
Most interestingly, a smaller size of the embryo

roper on day 30 and the fetus between days 35 and 45
n older mares was improved by treatment with altreno-
est. This is to our knowledge the first time that a direct
ositive influence of this progestin on conceptus devel-
pment has been demonstrated. In agreement with a
tudy by Voller et al [27], the size of the embryonic
esicle was not affected by treatment with altrenogest.
herefore, progestin substitution in the presence of an

ntact corpus luteum did not stimulate growth of the
lastocoel in early pregnancy. This finding is in con-
rast to the situation in cattle where high progesterone
oncentrations in maternal plasma facilitate growth of
he trophoblast and expression of the embryonic signal
or maternal recognition of pregnancy [20,21,22]. The
resent data suggest that altrenogest supports develop-
ent of the embryo and fetus from days 30–45 of

regnancy. This period corresponds to completion of
rganogenesis and beginning of placentation which is a
ritical phase of pregnancy [28]. Positive effects of
ltrenogest on the secretion of uterine milk which en-
ures nutrition of the conceptus until placentation [28]

re feasible. Furthermore, this phase of pregnancy co-
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ncides with a sudden and pronounced upregulation in
he endometrial expression of transforming growth fac-
or �1 (TGF-�1) and epidermal growth factor (EGF),
wo factors directly related to placentation. Their up-
egulation is entirely dependent upon action of proges-
erone on the endometrium [29,30]. It can be speculated
hat the supplementation with altrenogest–by increas-
ng total progestin concentrations - may facilitate an
ncrease in the expression of TGF-�1 and/or EGF in
lder mares. This could improve processes involved in
lacentation and thus fetal development compared to
ntreated controls. This effect seems to be lost beyond
ay 40 when the onset of eCG production results in an
ncrease of progesterone concentration via the forma-
ion of accessory corpora lutea [11] irrespective of
ltrenogest treatment and age of the mares.

No effects of age or altrenogest treatment on LH and
rogesterone concentrations were found in the present
tudy. Data are in agreement with results from Jackson
t al [31] who also found similar progesterone concen-
rations in mares treated with altrenogest or left un-
reated. With regard to the negative feedback of pro-
esterone exerted on GnRH release that has been
emonstrated to exist in the mare [24] it could have
een expected that treatment of mares with additional
rogestins might result in a decrease of LH and subse-
uently also progesterone concentration. Because al-
renogest does not bind to the antibodies used in con-
entional progesterone assays, changes in progesterone
oncentration should be detectable in altrenogest-
reated mares. The present results thus show that treat-
ent with altrenogest does not affect basal LH-secre-

ion, allowing for further maintenance of CL-function
n early-pregnant mares.

A second increase in progesterone between days 35
nd 50 of pregnancy in mares is a result of the forma-
ion of endometrial cups and subsequent development
f accessory corpora lutea. In the present study, secre-
ion of eCG over time was significantly affected by age
nd altrenogest treatment of mares. Studies on effects
f age or other factors on endometrial cup function and
CG secretion are rare. Day and Rowlands [32] found

decrease in eCG concentrations during successive
regnancies. However, they did not conclude that the
ecrease in eCG concentration after repeated pregnancy
f mares was related to age or parity of the mare, but
uggested that exogenous factors related to storage of
amples might have influenced the results of their
tudy. The results of their eCG bioassay system may
ave been less reliable and repeatable than results ob-

ained with modern assay methods. In agreement with
he conclusion of Day and Rowlands, a decrease in
CG secretion with successive pregnancies of mares is
ot supported by the results of the present study. Inter-
stingly, recent results showed that even immunologi-
al sensitization of mares to antigens of the stallions
hey were subsequently bred to did not shorten endo-
etrial cup function [33]. It is unclear by which mech-

nism altrenogest can change eCG secretion in mares.
t could be speculated that altrenogest might modulate
he maternal immunological reaction to foreign tropho-
last-specific antigens [34,35,36] that is finally leading
o cessation of endometrial cup activity. Immunosup-
ressive effects of progesterone [37] and also altreno-
est [38] have been shown recently. However, effects
f altrenogest on endometrial cup function in mares
emain to be determined in more detail.

In conclusion, the present study demonstrates for the
rst time a positive influence of altrenogest-treatment
n delayed conceptus development in pregnant mares.
his effect did not occur during early pregnancy at the

ime of maternal recognition of pregnancy, but became
pparent when development of the embryo or fetus was
onitored around the beginning of placentation. Ben-

ficial effects of the progestin altrenogest on placenta-
ion are suggested. In addition, development of the
onceptus in fertile broodmares older than 8 years was
etarded and this delay was completely overcome by
ltrenogest substitution. This may justify altrenogest-
reatment of older mares or those with a history of early
mbryonic death to support development of their con-
eptus.
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