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Summary

Oxytocin, a peptide hormone released by the posterior pituitary, has important tasks in the reproductive biology in the mare. Functions of OT
are based on its effects on smooth muscle cells of the myometrium and the myoepithelia in the mammary gland. Uterine clearance as a part
of uterine defense mechanisms, delivery of the foal at parturition and milk let down in lactating mares are familiar examples. During luteolysis,
oxytocin stimulates the endometrial release of prostaglandin F2α. The consequences of the provoked secretion of oxytocin, by manipulations
of the genital tract on the endocrine regulation of luteal function and on the course of the oestrous cycle are still under discussion. Furthermore,
the modulating role of oxytocin on neuroendocrine events is hardly investigated in the horse up to now.
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Oxytozin – ein Peptidhormon mit vielfältigen Aufgaben während des Reproduktionszyklus der Stute

Oxytozin, ein vom Hypophysenhinterlappen freigesetztes Peptidhormon, übernimmt wichtige Aufgaben im Rahmen des Fortpflanzungsgeschehens
der Stute. Seine wesentlichen Funktionen beruhen auf seinen Wirkungen auf die glatten Muskelzellen des Myometriums und der Myoepithelien
in der Milchdrüse. Beispiele dafür sind die Unterstützung der Selbstreinigung der Gebärmutter, die Austreibungswehen während der Geburt
sowie die Milchejektion der laktierenden Stute. Während der Luteolyse stimuliert Oxytozin die Freisetzung von Prostaglandin F2α durch das
Endometrium. Die Konsequenzen der provozierten Freisetzung von Oxytozin durch Manipulationen am Genitaltrakt sind noch nicht ausreichend
geklärt. Vor allem über die modulierende Wirkung von Oxytozin auf neuroendokrine Vorgänge ist bei der Stute bislang nur wenig bekannt.
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Introduction

Oxytocin (OT) is a very abundant neuropeptid. The functions of
OT range from the modulation of neuroendocrine reflexes to
the establishment of complex social and bonding behaviors
related to reproduction and care of the offspring. Its action on
smooth muscles, e.g. on the myometrium and on the myo-
epithelia of mammary alveoli, are well known in the mare, but
its role concerning luteolysis and its effects on luteal function
remain still unclear. The equine OT, as in other mammals, is a
nonapeptid: Cys-Tyr-Ile-Gln-Asn-Cys-Pro-Leu-Gly(NH2) (Gimpl
and Fahrenholz 2001). Nerve cells of the supraoptic, para-
ventricular and arcuate nuclei of the hypothalamus produce a
large precursor molecule, which is split into neurophysin and
OT during its transport via neurons to the posterior pituitary
(Gainer et al. 1985). In the nerve terminals, OT is then stored
in neurosecretory granula, from where it is released into the
venous blood system. Half-time period of OT is short in mares:
6.8 minutes (Paccamonti et al. 1999).
OT acts on target cells by binding to OT-receptors, which are
located in various tissues also out of the genital tract (Gimpl
and Fahrenholz 2001). Only few data are available on the
distribution of OT-receptors in the mare. Watson et al. (1999)
attributed the presence of OT in small lutein cells and in ovarian
blood vessels, without any detectable amounts of neurophysin,
to the binding of OT to OT-receptors. Concentrations of OT-
receptors in the equine myometrium are threefold higher than
in the endometrium (Stull and Evans 1986). Sharp et al. (1997)

investigated density and affinity of OT-receptors during the
oestrous cycle and early pregnancy. Receptor density was lowest
in mares at oestrus and highest in nonpregnant mares on day
14 and receptor affinity was decreased in pregnant mares.

Oestrous cycle

The importance of OT for sexual function in the mare throughout
the cycle is demonstrated by the fact, that it is secreted in pulsatile
rhythms during the entire oestrous cycle. Merely, the length of
the rhythms and the amplitudes of the peaks are varying
dependent from the respective stage of the cycle (Tetzke et al.
1987).
In the horse, mating is a complex interaction of sensory, psychic
and mechanical stimuli involving teasing, mounting, intromission
and ejaculation by the stallion. It is known that mating is able to
stimulate OT secretion in oestrous mares (Alexander et al. 1995,
Nikolakopoulos et al. 2000), whereas teasing was shown to be
effective only in individual mares (Nikolakopoulos et al. 2000,
Madill et al. 1998). OT increases uterine motility at oestrus to
likely enhance the transport of sperm cells to the oviduct on the
one hand and to support uterine defense by stimulating the
clearance of the uterine lumen on the other hand (LeBlanc et
al. 1994, Pycock 1993). Compared to the situation during
dioestrus, the ability of OT to stimulate prostaglandin F2α (PGF2α)
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release is markedly reduced during oestrus (Goff et al. 1987).
From these findings was concluded, that the effect of OT on the
myometrium is a direct one without any contribution of PGF2α.
Interestingly, dioestrous mares release OT as well, when they
are exposed to stallions (Nikolakopoulos et al. 2000). While
earlier studies stated that OT has no function concerning the
luteolytic pathway (Arthur 1975, Neely et al. 1979), Betteridge
et al. (1985) could provoke a rise of the PGF2α metabolite 13,14-
dihydro-15-keto PGF2α (PGFM) by the application of OT to
dioestrous mares. This finding was supported by Goff et al.
(1987), who obtained maximum PGFM response to OT at the
time of expected luteolysis. Tetzke et al. (1987), Sharp et al.
(1997) and Starbuck et al. (1998) found that the OT-receptors
have increased binding affinity at that time. Endometrial biopsies,
cultured in vitro, responded to the supplementation of OT by
secretion of prostaglandin (King and Evans 1987). The
continuous application of OT beginning at day 8 after ovulation
prolonged luteal function in mares, what may be caused by
inhibition of the upregulation of OT-receptors, and therefore
abolished luteolysis (Stout et al. 1999). Daily application of OT
to mares at days 4, 5, 6, 7 and 8 of the oestrous cycle had no
effect on PGFM concentrations and duration of dioestrus (Neely
et al. 1979), supporting the hypothesis of downregulated OT-
receptors up to day 10 of the cycle. In contrast, Vanderwall et
al. (1998) could not find synchronous OT and PGFM patterns
in blood samples, which were drawn from the cavernous sinus
during luteolysis, although they support the positive feedback
role of OT on PGF2α as well.

Pregnancy, birth and lactation

In early pregnant mares the conceptus has to prevent the
endometrium from initiating luteolysis. Therefore, the equine
conceptus is supposed to release a still unknown embryonic
signal, similar to the protein hormone interferon-t in ruminants
(Lamming et al. 1995), which is likely to suppress the
upregulation of endometrial OT receptors. It has been clearly
shown by in vivo (Goff et al. 1987, Sharp et al. 1997, Starbuck
et al. 1998) as well as in vitro studies (Franklin et al. 1989), that
the stimulatory effect of OT on the secretion of prostaglandin is
markedly reduced or abolished during early pregnancy.
Administration of OT or OT-inducing manipulations provoked
no or a very small rise in plasma PGFM-concentrations, when
compared to cycling mares. This inhibition of PGF release was
not associated with suppression of oxytocin release or decrease
in oxytocin receptor density (Sharp et al. 1997).
Nevertheless, concentrations of OT remain at basal levels
during the entire pregnancy until birth (Haluska and Currie
1988) and OT is released immediately at the beginning of the
second stage of labor, closely related to the rupture of placental
membranes. Allen et al. (1973), Pashen (1984), Haluska and
Currie (1988), Haluska (1989) and Vivrette et al. (2000)
observed peak concentrations of OT during the delivery of the
foal in the mare. After parturition, OT-secretion appeared to
be episodic during a period from delivery of the foal up to
one hour after the expulsion of the placenta (Vivrette et al.
2000). OT-concentrations decrease within one hour (Haluska

1989) up to four hours (Haluska and Currie 1988) to basal
levels.
OT is also involved in lactation in mares. Milk ejection can
be provoked by psychogenic factors and suckling (Sharma
1974) and inhibited by stress and anxiety. Ellendorf and
Schams (1988) obtained rises of intramammary pressure
associated with peak OT levels as well as after application
of exogenous OT. Even though milk let down was also
observed without any measurable OT concentrations in
lactating mares (Vivrette et al. 2000).

Exogenous mechanic stimulation

A series of exogenous, mechanic stimuli have been shown to
promote OT secretion in mares. Manual manipulation of the
clitoris, vagina and cervix, intrauterine infusion of PBS
(Nikolakopoulos et al., 2000), and uterine biopsies (Sharp et
al. 1997) caused significant OT releases. Paccamonti et al.
(1999) obtained eightfold increases of OT concentrations in
plasma from the cavernous sinus due to cervical manipulation.
Endogenous opiods are likely to suppress the OT response to
vaginocervical stimulation in periparturient mares (Aurich et al.
1996). The effects of OT secretion on subsequent PGF release
depends from the respective stage of oestrous cycle. Maximum
PGFM response to uterine biopsies could be achieved at days
12 and 14 in cycling mares (Sharp et al. 1997).
Reports concerning the effects of cervical manipulation on
secretion of OT and subsequent PGF2α release and diestrous
length are conflicting. Insertion of aluminum rods into the
cervix did not alter the estrous cycle (Arthur 1975), and
manual dilatation of the cervical canal was shown by Hurtgen
(1975), Hurtgen and Whitmore (1978), and Hurtgen and
Ganjam (1979) to shorten dioestrus. Berglund et al. (1982)
measured higher PGF2α concentrations in uterine flushing
solutions obtained through the cervix, when compared to
the hysterectomy technique. In contrast, Wilde et al. (1989)
could not find any effect of cervical stimulation, performed
by placing an external sheath from an embryo transfer catheter
for 60 seconds in the cervix and the caudal part of the corpus
uteri. Therefore, we developed a standardized dilatation
method for the cervix, which has no or only little effect on the
other genital organs (Handler et al. 2000). Dilatation of the
cervical lumen up to a diameter of 40 mm had no effect on
plasma PGFM, but PGFM concentrations increased slightly
during distension of the vagina through a speculum. Anyway,
dilatation was accompanied by a distinct secretion of OT,
and length of estrous cycle as well as of diestrus were
significantly shortened by two days in dilatation group when
compared to control mares, but the mechanisms of these
effects remain still unclear.

Therapeutic considerations

Therapeutic use of OT is based on its impact on the myometrium
and the myoepithelia of the mammary gland, respectively.
Therefore, indications for its use are to support of uterine
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clearance, to induce foaling, to release retained placenta and
to facilitate milk let down in nursing mares.
Evacuation studies performed with radiocolloids (LeBlanc et al.
1994, Cadario et al. 1999), the measurement of intrauterine
tone or myometrial electric activity (Goddard and Allen 1985,
Sharpe et al. 1988, Jones et al. 1991, Gutjahr, et al. 2000) and
clinical trials (Pycock 1993, Rasch et al. 1996) showed the ability
of oxytocin to improve myometrial activity and uterine clearance.
Gastal et al. (1998) found the action of OT by scoring real-
time ultrasound images to be more likely based on increased
uterine tone than on myometrial contractions. However, the
supportive effect of OT on uterine clearance is dose dependent:
higher doses (25 IU) have been proven to be much more effective
than lower doses of OT (10 IU) by Gutjahr et al. (2000).
Furthermore, the intravenous route of application resulted in a
higher myometrial response than intramuscular or intrauterine
administration (Sharpe et al. 1988).
Oxytocin (40 to 60 IU) given intramuscularly induces parturition
within 30 minutes. Macpherson et al. (1997) compared the
effects of three different OT treatment regimens on delivery and
outcome of newborn foals, when 75 IU OT were administered
as a single dose or as 5 doses in 15 minutes intervals
intramuscularly or as an intravenous infusion. The prevalence
of intrapartum complications did not differ among treatment
groups. Merely the interval from induction to the rupture of the
chorioallantois and to the delivery of the foals was longer when
OT was given dose by dose intramuscularly. Ripening of the
cervix with prostaglandin E appears to favor shortened deliveries
and to improve foal vigor (Rigby et al. 1998).
Another use of OT is to facilitate milk let down in lactating
mares. Chavatte (1997) recommends 1 to 2 IU for successful
stimulation of milk ejection to make sucking or milking easier,
while Neely (1983) states doses between 10 and 40 IU OT.

Conclusion

OT contributes to many reproductive events in the mare and is
therefore a useful and potent drug in equine medicine, unless
the fact that not all its effects on oestrous cycle and genital
functions are elucidated in detail now.
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