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Summary

Placental insufficiency (placentitis, premature placental separation) is regarded as the primary factor contributing to late term abortion and
perinatal death in foals. Late term fetal and perinatal death represents a major emotional and financial loss and time investment for horse
breeders. All too often when problems associated with late-term pregnancy in the horse are manifested the condition is well advanced and
therapeutic intervention may not be effective in salvaging the pregnancy. However, if a compromised pregnancy due to placental insufficien-
cy could be identified early, the pregnancy might be sustained through medical intervention. We present evidence that the placental hor-
mone, relaxin, has the potential to serve not only as a hormonal indicator of placental function and fetal well-being in the mare, but also as a
means of monitoring treatment efficacy. A non-invasive diagnostic marker could assist the veterinarian and horse breeder in identifying
mares at risk for problematic pregnancies in a timely manner.
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Relaxin - eine biochemische Markersubstanz fiir Plazentaerkrankungen beim Pferd: eine Ubersicht

Plazentaerkrankungen (Plazentitis, vorzeitige Plazentaablésungen) werden als die priméaren Ursachen fir Spataborte und perinatalen Fohlen-
verlust angesehen. Gerade die Fohlenverluste in der Spatgraviditat und im perinatalen Zeitraum bedeuten fir den Zlchter neben emotiona-
len Belastungen groBe zeitliche und finanzielle Verluste.

Sind plazentare Fehlfunktionen erst einmal klinisch manifest und im Grad fortgeschritten, sind therapeutische MaBnahmen zur Rettung der
Leibesfrucht nur noch wenig aussichtsreich. Kénnen jedoch die plazentaren Unterfunktionen rechtzeitig identifiziert werden, so besteht eine
Chance, die Trachtigkeit mit medikamentdser Unterstiitzung zum Termin zu bringen. Im vorliegenden Bericht wird aufgezeigt, dass das Pla-
zentahormon Relaxin nicht nur als Monitorsubstanz fUr die planzentare Funktion und die Vitalitat des Fétus, sondern auch fir die Effektivitat
therapeutischer Malinahmen eingesetzt werden kann. Als ein nichtinvasiver diagnostischer Marker ist die gezielte Messung von Relaxin fur

Tierarzt und Pferdezlchter hilfreich, Stuten mit Risikograviditaten rechtzeitig zu erkennen.

Schltsselworter:
Introduction

The equine industry would benefit from a hormonal indicator
that reflects placental and fetal well-being in the horse. Preg-
nancy loss during the third trimester and death of foals wea-
kened by abnormal periparturient events constitute a large
percentage of fetal and neonatal mortality (Vaala and Sertich,
1994). Due to the expense of breeding contracts and the
long gestation of the mare, late-term fetal death represents a
major financial loss and time investment for the breeder. Ear-
ly identification of placental insufficiency would make it pos-
sible to sustain the pregnancy through medical intervention.
Furthermore, aggressive prepartum therapy affords foals a
better-chance of survival. For example, when placental func-
tion is compromised in mares suffering from fescue toxico-
sis, timely drug therapy to rescues the placenta and im-
proves pregnancy outcome (Redmond et al., 1994, Cross et
al., 1995, Bennet-Wimbush et al., 1998). Likewise, if diag-
nosed early, placentitis can be treated with systemic antibio-
tics, progestins (progesterone, 17a- hydroxyprogesterone,
5a-pregnanes), non-steroidal anti-inflammatory drugs or ste-
roids (cortisol, to hasten fetal organ maturation).

Current research is focused on the evaluation of equine pla-
cental function in a non-invasive manner. Serum-based
hormone assays have been used in the past to determine
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pregnancy and fetal viability in the horse (Terqui and
Palmer, 1979; Stabenfeldt et al., 1991). However, they
have not been useful in predicting problematic pregnancies
in late gestation. To our knowledge, there is no simple hor-
monal diagnostic aid available to veterinarians to predict
problematic pregnancies and deliveries and reduce the in-
cidence of late-term abortions and perinatal deaths in hor-
ses. Relaxin, a placental hormone that can be measured in
systemic blood in high concentrations (Stewart et al., 1982;
Stewart, 1986), has the potential to be a valuable clinical
tool for both diagnosing placental insufficiency and monito-
ring the efficacy of treatment strategies. Here we review
some recent evidence supporting a diagnostic role for rela-
xin in identifying problematic pregnancies.

Placental insufficiency and late-term abortion

Vaala and Sertich (1994) have developed three categories to
which mares with at risk pregnancies can be assigned: 1)
mares with histories of problematic pregnancies, deliveries,
and/or birth of compromised foals, 2) mares with reproduc-
tive abnormalities, premature udder development, systemic
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illness, and 3) mares with no apparent risk factors that expe-
rience an abnormal periparturient event. Examples of recur-
rent periparturient problems include premature placental se-
paration, dystocia, placentitis, premature delivery and pro-
longed gestation. Conditions developing during gestation
that increase the risk of an abnormal pregnancy outcome re-
gardless of the mare’s past reproductive history include se-
vere maternal ilness and debilitation, acute abdominal crisis,
uterine discharge, premature lactation and twinning (Tab. 1).

However, one of the main factors contributing to placental in-
sufficiency and late term abortion is placentitis. Giles and col-
leagues (1993) reviewed pathology case records of 3,500
aborted fetuses, still-born foals and foals that died within 24
hours of birth to determine cause of death. Their findings in-
dicated that over 60% of cases were associated with some
form of placental insufficiency (placentitis, premature placen-
tal separation, placental thickening) that contributed to preg-
nancy loss and perinatal death. Subsequent studies have
identified placentitis as the single most common factor contri-
buting to late term abortion and perinatal death of foals
(Hong et al., 1993). Untreated placentitis can result in prema-
ture delivery, neonatal sepsis and peripartum hypoxia (i.e.
dummy foal syndrome). Such foals are subjected to high
mortality and often survive only with expensive intensive care.
Another factor that contributes to placental insufficiency is
fescue toxicosis resulting from grazing of endophyte-infec-
ted tall fescue. Tall fescue is an important forage grass for
horses in the United States (Hoveland, 1993, Putnam et al.,
19917). However, it frequently is infected with an endophyte,
Acremonium coenophialum (Lyons et al., 1986) which pro-
duces ergot alkaloids that cause adverse effects in preg-
nant mares (Porter and Thompson, 1992). Consequences
of fescue toxicosis include placental thickening, premature
placental separation, complicated deliveries, prolonged ge-
station, dystocia, agalactia (poor milk production) and high
foal mortality (Putnam et al., 1991, Cross et al., 1995).
Pregnant mares that suffer from fescue toxicosis have re-
duced serum prolactin and progesterone (McCann et al.,

Tab. 1: Factors that contribute to placental insufficiency and
late-term abortion in the mare

Faktoren, die zur plazentaren Unterfunktion und zu Foh-
lenverlusten in der Spatgraviditat fuhren.

Maternal Placental

Hydrops allantois, amnii Premature placental separation

Oligohydrallantois,

oligohydramniois Small placenta (twins)

Abdominal surgery Placentitis

Severe endometrial fibrosis  Vasculitis

Purulent vaginal discharge ~ Congenital anomalies

Severe malnutrition Umbilical cord complications

Severe maternal illness Developmental anomalies

Pelvic injuries Thrombosis infarction

Fescue toxicosis
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1992). Foal mortality is attributed to dysmaturity and hypo-
xia due to poor blood flow to the placenta.

Relaxin and pregnancy

The polypeptide hormone relaxin is a member of the family
of insulin-like molecules and is found in highest tissue con-
centrations during pregnancy in many species, including
the rat, rabbit, pig and horse (see Sherwood 1994). It has
several important functions during pregnancy and at time of
parturition. For example, relaxin promotes uterine growth to
accommodate growing fetuses (Hall et al., 1990; Hall et al.,
1992) and inhibits myometrial contractions during pregnan-
cy (Watts et al., 1988). In addition, it loosens the pelvic liga-
ments and dilates the uterine cervix of the rat (Steinetz et
al., 1959), sow (Kertiles and Anderson, 1979; O'Day et al.,
1989), cow (Grahm and Darcy, 1952) and human
(MacLennan et al., 1980) to facilitate parturition.

Several studies have demonstrated the importance of relaxin
during pregnancy and at delivery in different species (Sher-
wood, 1994). Relaxin is essential for the live delivery of pups
in the rat (Downing and Sherwood, 1985; Lao-Guico-Lamm
and Sherwood, 1988) and piglets in the sow (Nara et al,
1982). Furthermore, relaxin treatment improves calving in beef
and dairy heifers by advancing the dilatation of the cervix and
increasing pelvic area, thereby decreasing the incidence of
dystocia (Musah et al., 1986; Musah et al., 1988; Bagna et
al., 1991). Also, there is evidence that the aborting dog exhi-
bits depressed serum relaxin prior to pregnancy loss (Steinetz
et al., 1996). In addition, women with symptoms of impending
miscarriage in early pregnancy had lower levels of relaxin
compared to women with normal pregnancies (Witt, et al.,
1990; Stewart et al., 1993). This led to the suggestion that re-
laxin might be a useful epidemioclogical tool in predicting preg-
nancy outcome in women (Stewart et al., 1993).

Relaxin in the mare

The placenta is the primary source of relaxin in the horse du-
ring pregnancy (Stewart et al., 1982, Klonisch et al., 1995) al-
though the ovary may be an important source during the
reproductive cycle (Ryan et al, 1997a). The purification of
equine relaxin from placental tissue has led to its biochemical
characterization (Stewart and Papkoff, 1986) and develop-
ment of a homologous equine relaxin radicimmunoassay (Ste-
wart, 1986). While plasma relaxin is low in non-pregnant
mares, during pregnancy relaxin increases from day 80, peaks
at day 175 and is elevated until foaling (Stewart et al., 1992).
However, shortly after expulsion of the placenta, relaxin titres
decline rapidly and return to pregestational levels (Stewart,
1986). Little is known concerning the role of relaxin in equids
during pregnancy and parturition. There is some variation
among breeds with respect to relaxin profiles during pregnan-
cy (Stewart et al., 1992); however, the functional significance
of these differences in terms of actions of relaxin is unknown.
There is some evidence that relaxin secretory pattern is com-
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promised during at risk pregnancies and complicated delive-
ries. Stewart and co-workers (1992) reported that plasma
relaxin levels were low in three standardbred mares with ab-
normal termination of pregnancy and suggested that relaxin
might be a useful indicator of placental function.

Evidence that relaxin is a useful marker of placental
function

In recent years we have collected data that supports this
view, and our working hypothesis that relaxin could be used
as a true biochemical marker of placental function, fetal well
being and predictor of pregnancy outcome in the mare. To
this end, a retrospective analysis of plasma relaxin was per-
formed on mares (light breeds) that were presented to the
Perinatology Unit at the New Bolton Centre, University of
Pennsylvania, with problematic pregnancies (Ryan et al.,
1997b). Factors contributing to problematic pregnancies in-
cluded placentitis, premature placental separation, hydrops,
oligohydrallantois, twinning and mares with pituitary tumors.
Blood was collected during the third trimester of pregnancy
and plasma relaxin was determined using a homologous
equine relaxin radioimmunoassay (Stewart, 1986). In a popu-
lation of mares with normal pregnancies and deliveries, sy-
stemic relaxin ranged from 45.0-85.0 ng/ml, with a mean
weekly value of 63.0 ng/ml during the last 7 weeks of gesta-
tion. Plasma relaxin declined markedly in mares with proble-
matic pregnancies. Relaxin concentrations in a mare with
placentitis declined during the last 45 days of gestation from
53.0 ng/ml (day 298 of gestation) to a low of 33.0 ng/ml (day
312), with an average concentration of 46.0 ng/ml. Plasma
relaxin was severely depressed in two mares with pituitary
tumors, with mean levels of 14.1 and 8.6 ng/ml. Two mares
with pregnancy-related fluid problems, one with hydrops and
the second with oligohydrallantois (Fig. 1a) had variable rela-
xin titres, with mean values of 33.2 and 42.3 ng/ml, respec-
tively. An ultrasound scan of the pregnancy on day 302 of
gestation indicated loss of fetal fluid and severe folding of the
fetal membranes (Fig. 1b). The foal from the latter mare was
euthanized at birth due to severe hypoxia and sepsis (Fig.
1c). In the case of a mare with a twin pregnancy, systemic
relaxin declined from a high of 68.9 ng/ml on day 244 to a
low of 6.1 ng/ml on day 301 of gestation. The mare delivered
both foals (day 332), one of which was dead (mummified) at
Abb. 1: (a) Zirkulierendes Relaxin einer Stute mit Oligohydralian-
tois und einer Traberstutenpopulation mit normaler Trach-
tigkeit und Abfohlung. Oligohydrallantois ist eine reduzier-
te AllantoisflUssigkeit, die zu plazentarer Insuffizienz und
Embryodefekten fihren kann. Die mittlere Trachtigkeits-
dauer bei den normalen Stuten betrug 343 Tage; die Ab-
fohlung der Stute mit Oligohydrallantois erfolgte an Tag
325. Die Pfeile markieren den Abfohltermin. (b) Ultrasono-
graphiebefund der Stute mit Oligohydrallantois am 302.
Tag der Trachtigkeit. Beachte den Verlust fetaler Flissig-
keit und die Faltelung der fétalen Membranen (Pfeil).
(c) Kleines unreifes Fohlen kurz nach der Geburt am
Trachtigkeitstag 325 mit Hypoxie, schweren neuromotori-
schen Stérungen und qusis; (Euthanasie nach 24 Stun-
den wegen unglnstiger Uberlebensprognose).
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birth and the second was euthanized at 4 weeks of age. In
all pregnancies in which systemic relaxin was low, foals were
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Fig. 1: (a) Circulating relaxin in a mare suffering from oligo-
hydrallantois and a population of Standardbred mares with
normal pregnancies and deliveries. Oligohydrallantois is
a deficiency of allantoic fluid that can result in placental
insufficiency and embryonic defects. Average length of
gestation in normal mares was 343 days; delivery in the
mare with oligohydrallantois was at day 325. The arrows
indicate day of parturition. (b) Ultrasound scan of the
mare with oligohydrallantois at day 302 of gestation. No-
te the loss of fetal fluids and folding of fetal membranes
(arrow). (c) Photograph showing a small, dysmature foal
shortly after delivery on day 325 of gestation suffering
from hypoxia and severe neurological signs and sepsis.
Foal was euthanized 24 hours after birth due to poor
prognosis for survival.
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born hypoxic and immature but survived with aggressive
medical intervention.

In another study, we determined the effects of fescue toxico-
sis and fluphenazine (a long acting D,-dopamine antagonist)
on relaxin concentrations in pregnant pony mares (Ryan et al.,
1998). This study is an extension of a previous study that ex-
amined serum prolactin and the efficacy of fluphenazine as a
treatment for fesuce toxicosis in pregnant pony mares (Ben-
net-Wimbush et al., 1998). Mares grazed on endophyte-infec-
ted fescue pasture (80% infected) were treated with either sa-
line or a one-time injection of 25 mg of fluphenazine deconate
(i.m.) on day 320 of gestation. Blood was collected daily from
day 300 of gestation and assayed for relaxin. Mean relaxin-
concentrations in both groups of mares during the week prior
to treatment were variable but not different (saline, 53.3 + 8.5
ng/ml; fluphenazine, 62.0 + 9.9 ng/ml). In the two weeks prior
to delivery, there was a marked difference in relaxin between
treatments; this effect was most dramatic during the last
week of gestation (saline, 45.7 + 6.7 ng/ml; fluphenazine,
64.6 + 7.2 ng/ml). Figure 2 shows representative relaxin pro-
files for three mares, one receiving fluphenazine and the other
two, saline. Three of six saline-treated mares exhibited signs
of fescue toxicosis (placental thickening, stillbirth, and agalac-
tia), while one fluphenazine-treated mare showed obvious cli-
nical symptoms. This same mare also shown had depressed
plasma prolactin concentrations (see Bennet-Wimbush,
1998). Whether there is an association between depressed
relaxin and prolactin in problematic pregnancies has yet to be
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Fig. 2: Systemic relaxin profiles of three individual pony mares are
shown. Pony mares were grazed on endophyte-infected
tall fescue pasture or hay throughout pregnancy and were
either given a one-time injection of saline or fluphenazine
deconate (25 mg i.m.) on day 320 of gestation. The profiles
shown are those for the last 20-25 days of gestation. Mare
#20 was treated with fluphenazine while mares #272 and
#35 were not. In the absence of fluphenazine treatment,
plasma relaxin was markedly depressed.

Relaxinprofile von drei individuellen Ponystuten. Die Stu-
ten wurden wahrend der Trachtigkeit auf Weiden mit Wie-
senschwingelbewuchs gehalten oder mit wiesenschwin-
gelhaltigem Heu geflttert und erhielten eine Einmalinjek-
tion entweder von saliner Losung oder Fluphenazin
(25 mg i.m.) an Tag 320 der Trachtigkeit. Gezeigt werden
die Relaxinprofile der letzten 20-25 prépartalen Tage.
Stute #20 erhielt Fluphenazin, Stuten #272 und #35 blie-
ben unbehandelt. Ohne Applikation von Fluphenazin er-
folgte eine deutliche Reduzierung des Relaxinspiegels.
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determined. Plasma relaxin concentrations were depressed in
pregnant mares exhibiting signs of fescue toxicosis. Hence,
the lower relaxin concentrations in affected mares might be
attributed to a compromised placenta. The clinical observations
suggest that a one-time injection of fluphenazine improved
pregnancy outcome by reducing the adverse effects of fescue
toxicosis concomitant with sustaining plasma relaxin.

Significance

Some of the standard reproductive management practices
for performance horses have added to the incidence of par-
turient complications in mares. For example, some horse
owners breed on the foal heat or mate fillies earlier than
three years of age. The incidence of dystocia is estimated to
be about 4% in thoroughbreds, 10% in draft breeds and
higher than 10% in miniature horses (Vandeplassche, 1993).
The need for a simple, reliable marker of placental function in
the horse is evident. It is our contention that an enzyme-
linked immunoabsorbent assay (ELISA) for relaxin could be
valuable in assessing at risk pregnancies, and allow time for
intervention to sustain the pregnancy and maintain a healthy
foal. We are currently developing an equine relaxin ELISA for
this purpose. However, relaxin is not a panacea for all preg-
nancy problems in the mare, nor will screening for relaxin
salvage early pregnancy losses, most of which are thought
to be associated with genetic anomalies. Furthermore,
whether relaxin could be used therapeutically during preg-
nancy to ensure normal delivery in the mare has yet to be
established, since sufficient quantities of relaxin for this type
of study are not available. However, until we can test the
feasibility of relaxin as a therapeutic agent, the importance of
relaxin to the equine industry is in providing the horse
owner/veterinarian with a reliable, non-invasive marker of
placental function. Systemic levels of relaxin provide a ,win-
dow" through which the clinician can view the function of the
equine placenta. This information, supported by ultrasound
data of the placenta, is critical in deciding whether therapeu-
tic intervention is necessary to sustain the pregnancy and
ensure delivery of healthy foals.
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