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The Reproductive Anatomy of the Mare

1.1. Introduction
1.2. The Vulva
1.3. The Perineum
1.3.1. Protection of the genital tract
1.4. The Vagina
1.5. The Cervix
1.6. The Uterus
1.7.  The Utero-tubular Junction
1.8. The Fallopian Tubes
1.9. The Ovaries
1.9.1. Follicular development and ovulation

1.10. Conclusion

1.1. Introduction

This chapter will deal with the reproductive
anatomy of the mare, detailing the indi-
vidual structures along with their function.
Further accounts may be found in other
texts, such as Ashdown and Done (1987),
Frandson and Spurgen (1992), Ginther
(1992), Kainer (1993), Dyce et al. (1996), Bone
(1998), Senger (1999), Bergfelt (2000) and
Hafez and Hafez (2000). The reproductive
tract of the mare may be considered as a
Y-shaped tubular organ with a series of con-
strictions along its length. The perineum,
vulva, vagina and cervix can be considered
as the outer protective structures, providing
protection for the inner, more delicate struc-
tures, the uterus, Fallopian tubes and

ovaries, responsible for fertilization and
embryo development. Figure 1.1, taken after
slaughter, shows the reproductive structures
of the mare, and Figs 1.2 and 1.3 illustrate
these diagrammatically. Each of these struc-
tures will be dealt with in turn in the follow-
ing account.

1.2. The Vulva

The vulva (Fig. 1.4) is the external area of
the mare’s reproductive system, protecting
the entrance to the vagina. The outer area is
pigmented skin with the normal sebaceous
and sweat glands, along with the nerve and
blood supply normally associated with the
skin of the mare. The inner area is lined by
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Fig. 1.2. A lateral view (from the side) of the mare’s reproductive tract.

mucous membrane and is continuous with
the vagina. The upper limit (the dorsal com-
missure) is situated approximately 7 cm
below the anus. Below the entrance to the
vagina, in the lower part of the vulva (the
ventral commissure), lie the clitoris and the
three sinuses (ventral, medial and lateral)
associated with it. These sinuses are of
importance in the mare as they provide an
ideal environment for the harbouring of
many venereal disease (VD) bacteria, such as
Taylorella equigenitalis (causal agent for conta-
gious equine metritis (CEM)), Klebsiella pneu-

moniae and Pseudomonas aeruginosa. Hence,
this area is regularly swabbed in mares prior
to covering and, indeed, in the
Thoroughbred industry, such swabbing is
compulsory (McAllister and Sack, 1990;
Ginther, 1992; Horse Race Betting Levy
Board, 2001). Within the walls of the vulva
lies the vulva constrictor muscle, running
either side of the length of the vulval lips.
This muscle acts to maintain the vulval seal
and to invert and expose the clitoral area
during oestrus, known as winking
(Ashdown and Done, 1987; Kainer, 1993).
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Fig. 1.3. The mare’s reproductive tract: a diagrammatic representation of Fig. 1.1.

Fig. 1.4. The vulval area of the mare: in this
instance the conformation of the perineal area is
poor with the anus sunken cranially, opening the
vulva up to faecal contamination.

1.3. The Perineum

The perineum is a rather loosely defined
area in the mare, but includes the outer
vulva and adjacent area, along with the
anus and the surrounding area. In the mare
the conformation of this area is of clinical
importance, due to its role in the protection
of the genital tract from the entrance of air.
Malconformation in this area predisposes
the mare to a condition termed pneu-
movagina, or vaginal wind-sucking, in
which air is sucked in and out of the vagina
through the open vulva. Along with this
passage of air also go bacteria, which bom-
bard the cervix, exposing it to unacceptably
high levels of contamination, which it is
often unable to cope with, especially dur-
ing oestrus when it is less competent.
Passage of bacteria into the higher, more
susceptible parts of the mare’s tract may
result in bacterial infections, such as CEM,
and other venereal diseases, leading to
endometritis. Chapter 19 gives further
details on the causes of VD infections in the
mare, all of which adversely affect fertiliza-
tion rates (Ginther, 1992; Easley, 1993;
Kainer, 1993).
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1.3.1. Protection of the genital tract

As mentioned previously, adequate protec-
tion of the genital tract is essential to prevent
the adverse affects of pneumovagina. There
are three seals within the tract: the vulval
seal, the vestibular or vaginal seal and the
cervix. These are illustrated in Fig. 1.5.

The perineal area plus the vulva con-
strictor muscle in the walls of the vulva
form the vulval seal. The vestibular seal is
formed by the natural apposition of the
walls of the posterior vagina, where it sits
above the floor of the pelvic girdle and the
hymen, if still present. The tight muscle
ring within the cervix forms the cervical
seal. This series of seals is affected by the
conformation of an individual and also by
the stage of the oestrous cycle (Figs
1.6-1.8).

The ideal conformation is achieved if
80% of the vulva lies below the pelvic floor.
A simple test can be used to assess this. If a
sterile plastic tube is inserted through the
vulva into the vagina and allowed to rest
on the vagina floor, the amount of vulva
lying below this tube should be approxi-
mately 80% in well-conformed mares. This
technique is illustrated diagrammatically in
Fig. 11.3.

If the ischium of the pelvis is too low, then
the vulva tends to fall towards the horizontal
plane, as seen in Fig. 1.6. This opens up the
vulva to contamination by faeces, increasing
the risk of uterine infection. Pascoe (1979a)
suggested that mares should be allocated a
Caslick index derived by multiplying the
angle of inclination of the vulva with the dis-
tance from the ischium to the dorsal com-
misure. This index can then be used to
classify mares into three types and so predict
the likely occurrence of endometritis (Fig. 1.7).

The effect of poor conformation of the
perineum area may be alleviated by a
Caslick’s vulvoplasty operation, developed
by Dr Caslick in 1937 (Caslick, 1937). The
lips on either side of the upper vulva are cut,
and the two sides are then sutured together.
The two raw edges heal together, as in the
healing of an open wound, and hence seal
the upper part of the vulva. The hole left at
the ventral commisure is adequate for urina-
tion but prevents the passage of faeces into
the vagina (Fig. 1.9).

The chance that a mare requiring a
Caslick’s operation will pass on the trait to
her offspring is reasonably high. This, cou-
pled with the fact that the operation site has
to be cut to allow mating and foaling, casts
doubt on whether such mares should be

Fig. 1.5. The seals of the mare’s reproductive tract during dioestrus.
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(a)

(©)

(b)

Fig. 1.6. The effect of conformation on the competence of the vulval, vestibular and cervical seals in the
mare. (a) A low ischium (pelvic floor) results in an incompetent vestibular seal. In this case the vulval seal
is still competent; therefore, infection risk is limited. (b) A low ischium results in an incompetent vestibular
seal. In this case, the vulval seal is also incompetent; therefore, infection risk is increased. (c) An incom-

petent vestibular and vulval seal plus a sloping perineal area results in a significant infection danger,

especially from faecal contamination.

bred. Mares that have been repeatedly cut
and resutured become increasingly hard to
perform a Caslick’s operation on, as the lips
of the vulva become progressively more
fibrous and therefore difficult to suture. In
such cases, a procedure termed a Pouret may
be carried out (Pouret, 1982). This is a more
major operation and involves the realign-
ment of the anus as well as the vulva.

This perineal malformation is particularly
prevalent in Thoroughbred mares. It is
causal to both pneumovagina (collection
of air within the vagina) and urinovagina
(collection of urine within the vagina), both
conditions being precursors for endometritis
and hence infertility. The condition tends to
be exacerbated in mares that lack condition
and also in multiparous, aged mares. Its con-
tinued existence is largely due to the selec-
tion of horses for athletic performance rather

than reproductive competence (Caslick, 1937;
Pascoe, 1979a; Pouret, 1982; Le Blanc, 1991;
Easley, 1993).

The oestrous cycle also has an effect on the
competence of the three seals. Further details
of the effect of the oestrous cycle on the
reproductive tract are detailed in Chapter 3.
However, in summary, oestrus results in the
slackening of all three seals, due to a relax-
ation of the muscles associated with the
reproductive tract, especially the cervix
(Fig. 1.8). This allows intromission at cover-
ing but also decreases the competence of the
reproductive-tract seals and so increases the
chance of bacterial invasion. In part this is
compensated for by elevated oestradiol levels
characteristic of oestrus, which enhance the
mare’s immunological response, thus reduc-
ing the chance of uterine infection, despite
the increased chance of bacterial invasion.
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Fig. 1.7. (Left-hand column) A lateral view of the

relationship between the anus, vulva and ischium,
dorsal indicating: (a) Type | mare with good conformation,
commissure anus Caslick index < 50 (b =2-3 cm, a < 10°) —no
Caslick required. (b) Type Il mare with poor confor-
mation, predisposing to type Ill in later life, Caslick
index 50-100 (b = 6—7 cm, a = 10-20°) — no imme-
diate need for a Caslick but likely in later life. (c)
Type Il mare with very poor conformation, including

ischium vulva lips in a horizontal plane, Caslick index > 150
(b =5-9 cm, a = 30°) — Caslick required immedi-
ately, significant chance of endometritis and a reduc-
tion in reproductive success.

vulva
ventral
commissure

Fig. 1.8. The effect of oestrus on the competence
of the vulval, vestibular and cervical seals in the
mare: oestrus causes a relaxation of the seals and
therefore an increase in infection danger.

1.4. The Vagina

The vagina of the mare is on average
18-23 cm long and 10-15 cm in diameter. In
the well-conformed mare, the floor of the
vagina should rest upon the ischium of the
pelvis and the walls are normally collapsed
and apposed, forming the vestibular seal.
The hymen, if present, is also associated with
this seal and divides the vagina into anterior
(cranial) and posterior (caudal) sections. In
some texts the posterior vagina is referred to
as the vestibule. The urethra, from the blad-
der, opens just caudal to the hymen. Within
the body cavity, the vagina is mainly covered
by the peritoneum and is surrounded by
loose connective tissue, fat and blood
vessels. The walls of the vagina are muscular
with a mucous lining; the elasticity conferred
by the muscle layer allows the major stretch-
ing required at parturition (Fig. 1.10).
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Fig. 1.9. A Caslick operation in the mare showing (a) the cutting of the vulval lips, (b) suturing and (c)
the finished job.

The vagina acts as the first protector and
cleaner of the system, containing acidic to neu-
tral secretions, originating from the cervix,
which are bactericidal. The vagina itself is
aglandular, except just cranial to the vulval

lips, where secretory glands are located. These
secretions, however, have the disadvantage of
attacking the epithelial cell lining of the
vagina, necessitating the protective mucous
layer, and of being spermicidal. Thus, at ejacu-
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Fig. 1.10. The internal surface of the mare’s vagina (the coin measures 21 mm in diameter).

lation, sperm are deposited into the top of the
cervix and/or bottom of the uterus, to avoid
the detrimental effect of the relatively high pH
within the vagina. The exact composition of
vaginal secretion is controlled by the cyclical
hormonal changes of the mare’s reproductive
cycle (Ginther, 1992; Kainer, 1993).

1.5. The Cervix

The cervix lies at the entrance to the uterus.
It is a tight, thick-walled, sphincter muscle,
acting as the final protector of the system.

In the sexually inactive, dioestrous state, it
is tightly contracted, white in colour and
measures on average 6-8cm long by
4-5 cm in diameter; cervical secretion is
minimal and thick in consistency. The mus-
cle tone and therefore cervix size, along
with its secretion, are again governed by
cyclic hormonal changes. Muscle tone
relaxes during oestrus and there is an
increase in secretion, easing the passage of
the penis into the entrance of the cervix.
The oestrous cervix appears pink in colour
and may be seen protruding or ‘flowering’
into the vagina (Fig. 1.11; Lieux, 1970).

Fig. 1.11. The oestrus cervix protrudes (or flowers) into the vagina of the mare.
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The lining of the cervix consists of a series
of folds or crypts, as shown in Fig. 1.12. These
crypts are continuous with the smaller folds
in the uterine endometrium and enable the
significant expansion of the cervix required at
parturition (Ginther, 1992; Kainer, 1993).

1.6. The Uterus

The uterus of the mare is a hollow muscular
organ joining the cervix and the Fallopian
tubes (Fig. 1.12). This upper part of the tract
including the uterus is attached to the lumbar
region of the mare by two broad ligaments,
outfoldings of the peritoneum, on either side
of the vertebral column. The broad ligaments
provide the major support for the reproduc-
tive tract (Fig. 1.13) and can be divided into

Fig. 1.12. The internal surface of the uterus, illus-
trating the endometrial folds of the uterine lining.

three areas: the mesometrium, attached to the
uterus; the mesosalpinx, attached to the
Fallopian tubes; and the mesovarium,
attached to the ovaries (Ginther, 1992).

The uterus is divided into two areas, the
body and the horns. The body of the uterus
normally measures 1820cm long and
8-12cm in diameter and divides into two
uterine horns, which are approximately 25 cm
long and which reduce in diameter from 4-6
cm to 1-2 cm as they approach the Fallopian
tubes (Fig.1.14). The size of the uterus is
affected by age and parity, older multiparous
mares tending to have larger uteri. The uterus
of the mare is termed a simplex uterus bipar-
titus, due to the relatively large size of the
uterine body compared with the uterine
horns (60:40 split). This differs from that in
other farm livestock, where the uterine horns
are the more predominant feature. The lack of
a septum dividing the uterine body is also
notable (Hafez and Hafez, 2000). In situ the
uterine walls are flaccid and intermingle with
the intestine, the only lumina present being
those formed between the endometrial folds.

The uterine wall (Fig. 1.13) consists of three
layers: an outer serous layer (perimetrium)
continuous with the broad ligaments, a cen-
tral muscular layer (myometrium) and an
inner mucous-membrane lining (endo-
metrium). The central myometrial layer con-
sists of external longitudinal muscle fibres, a
central vascular layer and internal circular mus-
cle fibres. It is this central myometrial layer that
allows the considerable expansion of the uterus
during pregnancy and provides the force for
parturition. The inner endometrium is arranged
in 12-15 longitudinal (Fig. 1.12) folds and

lumbar vertebra

broad ligaments

serous layer
—— myometrial layer
endometrium

Fig. 1.13. Cross-section through the abdomen of the mare illustrating the reproductive-tract support

provided by the broad ligaments.
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Fig. 1.14. The convoluted Fallopian tube running through the mesovarian section of the broad ligaments,
from the uterine horn on the right to the ovary on the left.

comprises luminal epithelial cells, stroma of
connective tissue or lamina propria and
associated epithelial glands and ducts.
Collagenous connective-tissue cores support
these folds. The activity and therefore appear-
ance of these endometrial glands are depen-
dent on the cyclical hormonal changes. It is
this endometrial layer that is largely responsi-
ble for supporting the developing conceptus
and for placental attachment and develop-
ment (Ashdown and Done, 1987; Ginther,
1992, 1995; Kainer, 1993; Sertich, 1998).

1.7. The Utero-tubular Junction

The utero-tubular junction is a constriction
or sphincter formed by a high concentration
of muscle «cells from the circular
myometrium of the Fallopian tube. The junc-
tion, which appears as a papilla in the
endometrium, separates the end of the uter-
ine horns from the beginning of the Fallopian
tubes (Fig. 1.15). Fertilization takes place in
the Fallopian tubes, and only fertilized ova
can pass through this junction and on to the

Fig. 1.15. The utero-tubular junction in the mare, as seen from the uterine horn side (the dark colour of
the uterine endometrium is not natural but allows easier identification of the utero-tubular junction).
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uterus for implantation and further develop-
ment. Fertilized ova appear to actively con-
trol their own passage, possibly via a
localized secretion of prostaglandin E (PGE)
(Ball and Brinsko, 1992), leaving the unfertil-
ized ova on the Fallopian-tube side of the
junction. These then gradually degenerate
(Ginther, 1992; Kainer, 1993; Fig. 1.14).

1.8. The Fallopian Tubes

The mare has two Fallopian tubes or oviducts
of 25-30 cm in length, which are continuous
with the uterine horns (Fig. 1.14). The diame-
ter of these tubes varies slightly along their
length, being 2-5 mm at the isthmus end,
nearest the uterine horn, and increasing to
5-10 mm at the ampulla, nearest the ovary.
The division of the Fallopian tube between the
isthmus and ampulla is approximately equal.
The Fallopian tubes lie within peritoneal folds,
which form the mesosalphinx part of the
broad ligaments. They have walls very similar
in structure to the uterus, but thinner, com-
posed of three layers: the outer, fibrous,
serous layer, continuous with the mesos-
alpinx; a central myometrial layer of circular
and longitudinal muscles fibres; and an inner
mucous membrane. Fertilization takes place
in the ampulla, a region lined with fimbriae
(hair-like projections), which act to waft
unfertilized ova into the ampulla to await the
sperm and to waft fertilized ova out of the
ampulla and on towards the utero-tubular
junction. The ampulla of each Fallopian tube
ends in the infundibulum, a funnel-like open-
ing close to the ovary (Sisson, 1975).

The infundibulum in the mare is closely
associated with a specific part of the ovary
termed the ovulation fossa, which is unique to
the mare and is the only site of ova release; in
other mammals ovulation may occur over the
whole surface of the ovary. The infundibulum
is, therefore, relatively hard to distinguish in
the mare, not being so evident as a funnel-
shaped structure surrounding the whole ovary.
The infundibulum is lined, like the ampulla, by
fimbriae, which attract and catch the ova, guid-
ing them towards the entrance of the Fallopian
tubes (Ginther, 1992; Kainer, 1993).

1.9. The Ovaries

The ovaries of the mare are both cytogenic
and endocrine in function, producing
gametes (ova) and hormones. They are evi-
dent as two bean-shaped structures situated
ventrally to (below) the fourth and fifth lum-
bar vertebrae and supported by the mesovar-
ium part of the broad ligaments. They make
the total length of the reproductive tract in the
mare in the region of 50-60 cm. In the sexu-
ally inactive stage, i.e. during the non-breed-
ing season, the mare’s ovaries measure 2—4
cm in length and 2-3 c¢m in width and are
hard to the touch, due to the absence of devel-
oping follicles. During the sexually active
stage when the mare is in season, they
increase in size to 6-8 c¢m in length and 3-4
cm in width; they are also softer to the touch,
due to the development of fluid-filled follicles
(Fig. 1.16). Older, multiparous mares tend to
show larger ovaries up to 10 cm in length.

The convex outer surface or border of the
ovary is attached to the mesovarian section of
the broad ligaments (Fig.1.16) and is the
entry point for blood and nerve supply; the
concave inner surface is free from attachment
and is the location of the ova fossa. The whole
ovary is contained within a thick protective
layer, the tunica albuginea, except for the ova
fossa. The tissue of the ovary in the mare is
arranged as the inner cortex (active gamete-
producing tissue) and the outer medulla (sup-
porting tissue). Ova release at ovulation
occurs only through the ova fossa, and all fol-
licular and corpora lutea development occurs
internally, within the cortex of the ovary
(Witherspoon, 1975). The mare differs in these
aspects from other mammals, in which the
medulla and cortex are reversed, ovulation
occurring over the surface of the ovary and all
follicular and corpora lutea development
occurring on the outer borders. Rectal palpa-
tion, as a clinical aid to assess reproductive
function in the mare, is not, therefore, as easy
to perform as it is in other farm livestock, for
example, the cow. However, with the advent
of ultrasound, reproductive assessment of
ovarian characteristics in the mare is now
quite accurate (Ginther, 1992, 1995; Kainer,
1993; Sertich, 1998; Hafez and Hafez, 2000).
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Fig. 1.16. The ovaries of the mare. Note the difference in size between the ovary on the left, which is
inactive, and the one on the right, which is active. The concave surface (position of the ova fossa) and
the convex surface (entry point for blood and nerve supply) of the ovary are clearly seen.

1.9.1. Follicular development and
ovulation

The ovary is made of two basic cell types:
interstitial cells (stroma), which provide
support; and germinal cells, which produce
the ova. The number of potential ova con-
tained within the female ovary is dictated
prior to birth; subsequently no addition to
the pool of ova can be made. These very
immature ova are termed oogonia, and
there are many more than an individual
will use within her reproductive lifetime.
These oogonia, with their full complement
of chromosomes (64) and surrounded by a
single layer of epithelial cells, are termed
primordial follicles. At birth, the ovary con-
tains many thousands of these primordial
follicles. After birth and prior to puberty,
some oogonia start development to pri-
mary oocytes, and these, surrounded by
their epithelial, or granulosa, cells, undergo
the first stages of meiosis. They then await
puberty, when hormone secretion from the
anterior pituitary drives their further
development.

From puberty onwards, primary oocytes
develop and complete the final stages of
meiosis at varying rates, designed to ensure
that a regular supply of developed follicles

is available for ovulation every 21 days dur-
ing the breeding season. Not all primary
follicles are destined to ovulate, as many are
wasted along the way, degenerating and
becoming atretic; normally (in 75% of cases)
just one reaches the stage ready for ovula-
tion (Davies Morel and O’Sullivan, 2001).

As the primary follicle develops, its sur-
rounding epithelial cells differentiate into
follicular epithelial cells, which secrete follic-
ular fluid, filling the cavity surrounding the
oocyte. The follicle grows in size as fluid
accumulation increases. The primary oocyte
now also increases in size and develops a
thick, outer, jelly-like layer, the zona pellu-
cida; it is now termed a secondary oocyte
and has a haploid number of chromosomes
(32). The secondary oocyte now becomes
associated with one inner edge of the follicle
and lies on a mound of follicular cells called
cumulus oophorus. The stroma immediately
surrounding the follicle becomes organized
into a double-lined membrane, the theca
membrane, the inner layer of which is vascu-
larized, the outer layer not. The follicles
continue to develop (normally to in excess of
3 cm in diameter) and are termed Graafian
follicles (Fig. 1.17).

This seems to be a critical stage in
equine follicular development, for now a
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Fig. 1.17. The equine Graafian follicle.

decision is made as to which of the devel-
oping follicles is destined to develop fur-
ther for ovulation and which ones will
degenerate. In 75% of cases only one follicle
is destined to ovulate and hence develop
further. In 23% of cases two follicles may
develop further and ovulate, the remainder
being triplets or more (Davies Morel and
O’Sullivan, 2001). This decision seems to be
governed by the follicle’s ability to
respond to elevated levels of circulating
oestrogen, follicle-stimulating hormone
(FSH) and luteinizing hormone (LH),
though the exact mechanisms are un-
clear (Fay and Douglas, 1987; Roy and
Greenwald, 1987).

In those follicles destined to ovulate, fol-
licular diameter increases and at the same
time they appear to move within the stroma
of the ovary and orientate themselves to
await ovulation through the ova fossa.
Ovulation of the mature follicle occurs in
two stages, which normally (99% of occa-
sions) occur concurrently. The two stages
are follicular collapse and ova release. The
whole process may take from a matter of
seconds up to a few hours, with ova release
occurring at the later stages of ovulation (J.
Newcombe, Wales, 2001, personal commu-
nication). The ova and follicular fluid are

N
=

=5

=31
—

released through the ova fossa to be caught
by the infundibulum and passed down the
Fallopian tube for potential fertilization.
Ovulation of follicles of diameter less than
or greater than 3 cm does occur but this is
the exception (Sirosis et al., 1989; Ginther
and Bergfeldt, 1993).

After the release of the ova and follicular
fluid, the old follicle collapses and the theca
membrane and remaining follicular epithe-
lial cells become folded into the old follicu-
lar cavity. Bleeding, from the theca interna,
occurs into the centre of this cavity, forming
a clot. This clot, the theca cells and any
remaining follicular epithelial cells make up
the corpus luteum (CL) or yellow body.
Blood capillaries and fibroblasts then
invade the CL. It is initially a reddish-pur-
ple colour. As the CL ages, it becomes
browner in colour and, if the mare is not
pregnant, regresses to yellow and then
white (corpus albicans) as it becomes non-
functional. The luteal tissue is then gradu-
ally replaced with scar tissue (Fig.1.18;
Vogelsang et al., 1987, Del Campo et al.,
1990; Kainer, 1993; Pierson, 1993; Ginther,
1995; Sertich, 1998; Hafez and Hafez, 2000).
Figures 1.19-1.21 show sections through a
mare’s ovary, illustrating the presence of
developing follicles and CL.
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Fig. 1.18. Diagrammatic representation of follicular development and ovulation within the ovary.

““:F": S e S SR T R SR LRSS
Fig. 1.19. Cross section taken through the two ovaries pictured in Fig. 1.16. Note in the active ovary the
corpora lutea (dark mass at the top left) and the large follicle (hollow or space at the top right).

3 hinse ., L) :____ 3 S
Fig. 1.20. A cross section taken through an active ovary illustrating the presence of a large follicle (3 cm
in diameter) at the bottom of the ovary.
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Sl
Fig. 1.21. A cross section taken through an active ovary illustrating a large corpus luteum at the top of
the ovary.

1.10. Conclusion not only to maximize the chance of fertilization

and subsequent maintenance of the resulting

It can be concluded that the reproductive tract ~conceptus in a sterile environment, but also
of the mare is a remarkable system, designed  to expel that conceptus successfully at term.
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2.1. Introduction

This chapter details the anatomy and function
of the stallion reproductive system. Further,
more detailed, accounts may be found in
other texts, such as Ashdown and Done
(1987), Sack (1991), Ginther (1995), Dyce et al.
(1996), Samper (1997), Bone (1998), Turner
(1998), Davies Morel (1999), Chenier (2000)
and Hafez and Hafez (2000). Figure 2.1 illus-
trates the main structures of the stallion’s
reproductive tract. Figure 2.2 shows the repro-
ductive system of the stallion after slaughter
and Fig. 2.3 provides a diagrammatic repre-
sentation of this plate. These organs will be
discussed individually below.
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2.2. The Penis

The penis of the stallion may be divided into
the glans penis, the body or shaft and the
roots. In the resting position it lies retracted
and hence protected within its sheath, or
prepuce, out of sight; it is held in this posi-
tion by muscles. The prepuce is a double-
folded covering to the penis, which folds
back on itself to give two folds of protection.
Within the inner fold lies the end of the penis,
the glans penis (or rose), giving this sensitive
area additional protection. Protruding, by
5 mm, from the centre of the glans penis, lies
the exit of the urethra. Around this protrusion
lies the urethral fossa and, below it, a dorsal

© CAB International 2003. Equine Reproductive Physiology, Breeding and Stud Management
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Fig. 2.1. Diagrammatic representation of the reproductive system of the stallion.

Canam
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Fig. 2.2. The stallion’s reproductive tract after
slaughter and dissection, the accessory glands are
not included (see also Fig. 2.3).

diverticulum, both of which are often filled
with smegma, a red-brown secretion of the
prepubital glands lining the prepuce plus
epithelial debris. These areas also provide an
ideal environment for bacteria, often har-
bouring venereal disease (VD) bacteria, such
as Klebsiella pneumoniae, Taylorella equigenitalis
and Pseudomonas aeruginosa.

The penis of the stallion is attached to the
lower part of the pelvic bone by two roots.
Here at its origin the penis is held in position
by a ligament attachment to the pelvis. The
urethra, running from the bladder, connects
with the vas deferens and runs between the
two roots before entering the body of the
penis. The body of the stallion penis contains
a large percentage of erectile, as opposed to
fibrous, tissue and as such it is termed haemo-
dynamic (reacts to increasing blood pressure).
Figure 2.4 illustrates a cross-section view
through the body area of the stallion penis.

Figure 2.4 shows that the main body of the
penis is divided into two sections, the lower
corpus cavernosus urethra and the upper
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Fig. 2.3. The stallion’s reproductive tract: a diagrammatic representation of Fig. 2.2.

corpus cavernosus penis. Through the corpus
cavernosus urethra runs the urethra, sur-
rounded by some trabeculae (sheets of
connective tissue) enclosing small areas of
erectile tissue, all enclosed within the bul-
bospongiosus muscle. The corpus cavernosus
penis, which is the largest part of the penis,
contains a dense network of trabeculae,
associated muscle tissue and scattered cavi-
ties, making up the major erectile tissue of the
penis. The corpus cavernosus penis is con-
tained within the tunica albuginea, a fibro-
elastic capsule or sheet, which maintains the
integrity of the penis but still allows the dou-
bling in size seen at erection. Finally, running
along the bottom of the penis is a retractor
muscle, contraction of which returns the penis
to within the prepuce. The major erectile
tissue of the glans penis is a continuation of
the corpus cavernosus urethra, the corona
glandis (Fig. 2.4b). This large amount of erec-
tile tissue, which is not confined by the fibro-
elastic capsule of the corpus cavernosus penis,
allows the greater expansion (up to three
times) of this area at ejaculation.

2.2.1. Erection, ejaculation and emission

During the process of erection, the first
reaction is a relaxation of the penile muscles
and retractor muscle, allowing the penis to
extrude from its sheath. Blood engorgement
of the erectile tissue of the penis results in an
initial turgid pressure, followed by a draw-
ing up of the penis against the pelvis reduc-
ing the exit of venous blood. This, plus an
increase in general blood pressure, further
increases penile blood pressure to one of
intromission pressure. It is essential that the
penis is at intromission pressure before
entering the mare; if not, it may cause per-
manent damage to the stallion or at least
reduce his enthusiasm for future covering.
The sequence of events leading to erection is
the result of central nervous system stimula-
tion, in response to the presence of a mare in
oestrus or other sexual stimulation.

The culmination of erection, ejaculation,
is the result of contraction of the muscle
walls of the epididymis, vas deferens and the
accessory glands, passing sperm plus semi-
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Fig. 2.4. Cross-section through the penis of the stallion: (a) the main body of the penis; (b) the glans penis.

nal fluid to the penis. Exit of semen from the
penis is termed emission and is achieved by
contraction of the muscle fibres within the
penis, as well as contractions of the vas
deferens. Emission is in the form of six to nine
jets of semen, the initial three jets containing
the majority of the biochemical components,
forming the sperm-rich part of the ejaculate.
In addition to the sperm-rich fraction, pre-
sperm and post-sperm fractions are evident,
both of which are smaller in volume and do
not contain viable sperm (Kosiniak, 1975).

At full erection, the penis doubles in size
to 80-90 cm in length and 10 cm in width. At
ejaculation, the glans penis triples in size,
helping to open the cervix and so allow

sperm deposition into the uterus and possi-
bly prevent initial leakage of semen from the
mare. The glans penis has to return to near-
normal size before the stallion is able to
leave the mare. Failure to allow time for the
glans penis to return to normal can cause
damage to the mare and/or stallion.
Problems may be encountered in overzeal-
ous stallions that demonstrate enlargement
of the glans penis prior to entry into the
mare; in such cases intromission is not safe
until the glans penis has returned to its nor-
mal size. Such problems are especially evi-
dent in stallions of high libido, particularly if
they have only a limited work load (Ginther,
1995; Turner, 1998; Davies Morel, 1999).
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2.3. The Accessory Glands

The accessory glands are a series of four
glands (some authors consider there to be
three glands, excluding the ampulla) situ-
ated between the end of the vas deferens and
the roots of the penis. Collectively these
glands are responsible for the secretion of
seminal plasma.

2.3.1. Seminal plasma

Seminal plasma is the major fluid fraction of
semen. Seminal plasma provides the substrate
for conveying the sperm to the mare and
ensuring final maturation. Some of its major
functions are the provision of energy and pro-
tection from changes in osmotic pressure and
from oxidization. It also contains a gel, which
forms a partial clot in semen, the function of
which is unclear (Davies Morel, 1999).

Males of most species have the same series
of accessory glands, the relative size of the
glands reflecting the relative importance of
their secretions within the seminal plasma.

2.3.2. The bulbourethral glands

The bulbourethral glands, or Cowper’s
glands, are the accessory glands situated
nearest to the roots of the penis. They are
paired and oval in structure, approximately
2cm by 3cm and lying either side of the
urethra. Their secretions are clear, thin and
watery and form part of the main sperm-rich
fraction; they may also contribute to the pre-
sperm fraction. As part of the pre-sperm
fraction, they aid in clearing urine and bac-
teria collected within the urethra prior to
ejaculation. Their secretion may also act as a
lubricant, easing the passage of sperm
(Mann, 1975; Weber and Woods, 1993).

2.3.3. The prostate

The prostate gland is a bilobed structure
with a single exit to the urethra, situated
between the bulbourethral glands and the

ampulla. Prostate secretions in the stallion
are alkaline and high in proteins, citric acid
and zinc. The significance of these is unclear.
Secretions of the prostate gland make a sig-
nificant contribution to the pre-sperm frac-
tion (Little and Woods, 1987).

2.3.4. The vesicular glands

The vesicular glands, or seminal vesicles, are
again paired in structure and lie either side of
the bladder, about 16-20 cm in length. They
are lobed and can be compared to large wal-
nuts in external appearance. They secrete a
major amount of seminal plasma, with a high
concentration of potassium, citric acid and
gel. Their secretions form part of both the
sperm-rich and the gel-like post-sperm frac-
tions. Their function and therefore the volume
of secretion are dependent upon circulating
testosterone concentrations. As such, their
contribution to seminal plasma significantly
declines during the non-breeding season
(Thompson et al., 1980; Weber et al., 1990).

2.3.5. The ampulla

The ampulla glands are paired outfoldings of
the vas deferens situated where it meets the
urethra. The secretion of the ampulla glands
contains a high concentration of ergothion-
ine, an antioxidizing agent, protecting sus-
ceptible chemicals in semen from oxidization.
The secretions of the ampulla are largely
associated with the pre-sperm fraction.

2.3.6. The vas deferens

The vas deferens connects the epididymis of
the testis to the urethra before passing the
accessory glands and on into the penis. It has
a diameter of 0.5-1 cm, with a thick muscu-
lar wall, made up of three layers of muscle;
an inner oblique, middle circular and outer
longitudinal (Fig.2.5). These muscle layers
actively propel the sperm plus surrounding
fluid from the testis to the penis. The lumen
of the duct is small and lined with folds,
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Fig. 2.5. Cross-section through the vas deferens of the stallion.

especially near the epididymis, maximizing
the surface area and so aiding sperm storage
and the reabsorption of testicular fluids.

The vas deferens, the testicular nerve sup-
ply, arterial and venous blood-vessels and
the cremaster muscles pass out of the body
cavity through the inguinal canal (Fig. 2.6).
The cremaster muscle, which is divided into
internal and external sections, is responsible
for drawing the testis up towards the body
in response to cold, fear, etc.

2.4. The Epididymis

The epididymis in the stallion lies over the
top of the testis, as illustrated in Fig.2.3
and Fig.2.7. It consists of long convoluted
tubules and is subdivided into three sections:
the head (caput); the body (corpus); and the
tail (cauda). The head of the epididymis is
connected by several ducts to the rete testis;
as it continues towards the tail end, these
ducts merge and form a single duct, the vas

Fig. 2.6. Cross-section through the inguinal connection between the testis and the stallion’s body.
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Fig. 2.7. Diagrammatic illustration of a vertical cross-section through the testis of the stallion.

deferens. The lining of these tubules is
highly folded, very similar to that of the epi-
didymal end of the vas deferens. These folds
have additional microvilli, increasing the
surface area still further and so facilitating
the reabsorption of testicular secretions in
order to concentrate the sperm and increase
its storage capacity (Thompson, 1992).

It is essential that all sperm spend a
period of time, up to 7 days, within the epi-
didymis in order to mature. Such maturation
is essential so that released sperm are capa-
ble of further development (capacitation)
within the female tract, enabling them to fer-
tilize the awaiting ova. If they are not passed
up to the vas deferens as a result of ejacula-
tion, they degenerate and are reabsorbed,
allowing a continual supply of fresh sperm
in order to maintain fertilization rates
(Thompson et al., 1979). The tail end of the
vas deferens, therefore, acts as a storage site
for sperm and also contributes towards sem-
inal plasma by secreting glycerylphosphoryl-
choline (GPC) (Samper, 1995a).

2.5. The Testis

The testes are gametogenic (the site of sperm
production) and endocrine in function.
Figure 2.2 and Figs 2.7 and 2.8 illustrate the
structure of the testis.

The testes hang outside the body of the
stallion in order to maintain a temperature
of approximately 3°C below that of body
temperature (i.e. 35-36°C rather than 39°C).
Sperm production is maximized at this
lower temperature. Increases in testicular
temperature due to disease or inflammation
of the scrotum, testis or epididymis result in
a significant decrease in spermatogenesis.
This is transitory but the duration of testicu-
lar dysfunction is related to the duration of

Fig. 2.8. The dissected stallion testis illustrating
testicular tissue, the epididymis, vas deferens and
pampiniform plexus.
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temperature elevation. The testis tempera-
ture is normally controlled by means of the
cremaster muscles, which can retract the
testis up towards the body, along with an
abundance of scrotal sweat glands and the
arteriovenous counter-current heat-exchange
mechanism provided by the pampiniform
plexus (Roberts, 1986b; Friedman et al.,
1991). The pampiniform plexus allows the
testicular artery to divide into a dense
capillary network before it enters the testis
(Fig. 2.3, Figs 2.7 and 2.8). As such, it comes
into close contact with the returning
venous supply, also divided up into a
capillary network. Blood entering the testis,
therefore, loses its heat to the venous
return. Such an arrangement ensures that
the testicular artery cools down prior to
entry into the testis and the testicular vein
is warmed up prior to its re-entry into the
main body.

The testes lie within a skin covering,
termed the scrotum, under which lies the
tunica vaginalis, which is continuous with
the peritoneal lining of the body cavity up
through the inguinal canal. In the fetus, the
testes descend from a position near the kid-
ney, through the inguinal canal and into the
scrotum at or soon after birth (Fig. 2.9). The
failure of one or both testes to descend
fully may not necessarily mean a stallion is
infertile, as the testis within the body cavity
may still produce sperm; sperm count,

kidney

path of testis descent

bladder

inguinal canal

however, is normally much reduced. A stal-
lion with only one descended testis is
termed a cryptorchid or rig. The condition
may be further defined as unilateral, bilat-
eral, inguinal or abdominal, depending on
whether one or both testes have failed to
descend and how far descent has pro-
gressed (Figs 19.2 and 19.3).

The testes of the stallion normally lie with
the long axis horizontal unless drawn up
towards the body, when they may turn
slightly. The long axis is normally 6-12 cm
with the height and width being 4-7 cm and
5-6 cm, respectively. Testes may weigh
300-350 g per pair. Their size increases allo-
metrically with general body growth until
final body size has been reached, at approxi-
mately 5 years of age.

Under the tunica vaginalis, a fibrous cap-
sule, the tunica albuginea, surrounds each
separate testis. Sheets of this fibrous tissue
invade the body of the testis and divide it
up into lobes. Each lobe is a mass of convo-
luted seminiferous tubules with intertubu-
lar areas (Figs 2.7 and 2.10). Each area is
largely responsible for one of two functions,
cytogenic (seminiferous tubules and Sertoli
cells) or endocrine (intertubular tissue and
Leydig cells). The Sertoli cells lining the
seminiferous tubules act as nurse cells,
nourishing and aiding the developing sper-
matozoa in the lumen of the tubules. In
addition, they are also phagocytic, digesting

scrotum
penis

Fig. 2.9. The normal passage of descent of the testis in the stallion.
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Fig. 2.10. A cross-section view through a seminiferous tubule within the stallion’s testis, illustrating the
gradual meiotic division of spermatogonia to spermatozoa.

degenerating germ cells and residual bod-
ies; they secrete luminal fluid and proteins,
and also form a blood-testis barrier, provid-
ing protection for the sperm from immuno-
logical rejection and cell-to-cell communi-
cation. The number of Sertoli cells varies
with season, being significantly greater dur-
ing the breeding season, when they are
actively involved in sperm production. As
such, Sertoli cells have a dominant control
over sperm production (Johnson and
Tatum, 1989). This increase in Sertoli-cell
number is accompanied by a corresponding
increase in seminiferous-tubule length
(Johnson and Nguyen, 1986).

The Leydig cells, found in the intertubu-
lar spaces around the seminiferous tubules,
secrete hormones that are largely responsible
for sperm production and the development
of general male bodily characteristics and
behaviour (Setchell, 1991; Amann, 1993a,b).

2.6. Sperm

As discussed, sperm are produced within the
seminiferous tubules and are supported or
nursed by Sertoli cells. They start as underde-
veloped germ cells or spermatogonia attached
to the wall of the seminiferous tubules, and
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then progressively develop into primary sper-
matocytes, secondary spermatocytes, sper-
matids and finally mature sperm (Amann,
1981b; Amann and Graham, 1993; Fig. 2.10).
As they develop, they migrate, within their
Sertoli cells, away from the wall of the semi-
niferous tubules towards the open lumen.
Once mature, they are then freed by their
Sertoli cell, released into the lumen and
pushed along the seminiferous tubules by
rthythmic contractions of the tubules and the
surrounding secretory fluid. By this stage they
have lost a considerable amount of cytoplasm
but have developed tails. The tails are not
functional until epididymal maturation has
occurred. The whole cycle of development
takes 57 days and occurs in waves, ensuring a
continual supply of mature sperm for ejacula-
tion, providing the stallion is not overused.
The mean daily sperm production of a mature
stallion is in the order of 7-8 X 10° sperm and
it takes 8-11 days for sperm to pass from the
testis to the exterior (Dinger and Noiles, 1986b;
Johnson et al., 1997; Davies Morel, 1999). Total
sperm production is related to testis size or
volume, which can be assessed by using cal-
lipers or ultrasonically. The use of callipers in
the stallion is not as easy as in other livestock,
which have more pendulous testes. Ultrasonic
assessment is preferred and gives a more accu-
rate result (Love et al., 1991).

Structurally, sperm consist of three areas:
the head; the midpiece; and the tail (Fig. 2.11),
with three distinct functions. The head is
mainly made up of nuclear material, contain-
ing the haploid number of chromosomes
(half the normal number, 32, to allow fusion
with the ova to give the normal diploid com-
plement of 64). The head of the sperm has a
double membrane, the outer cell membrane
and the inner nuclear membrane, except in
the acrosome region at the top of the head,
where there is an additional acrosome mem-
brane. The importance of this membrane will
become apparent when fertilization is consid-
ered, as it is responsible for the breakdown of
the cell membrane and the nuclear mem-
brane at fertilization, allowing the fusion of
the male and female nuclei. The mid-piece of
the sperm contains a high proportion of mito-
chondria, organelles within the cell that pro-

duce energy. The mid-piece is often termed
the power plant of the sperm, providing the
energy to drive the tail. The tail is made up of
a series of muscle fibrils, equivalent to those
found in the major muscle blocks of the body.
Using the energy provided by the mid-piece,
the tail is whipped from side to side, produc-
ing a wave like motion (Amann and Graham,
1993; Davies Morel, 1999).

2.7. Semen

Semen is the term applied to seminal plasma
plus sperm, and in the stallion is a milky-white
gelatinous fluid. The sperm concentration of
semen varies with the fraction examined. As
previously mentioned, there are three identifi-
able fractions, the pre-sperm, sperm-rich and
post-sperm fractions. The pre-sperm fraction
is the initial fraction and contains no sperm. Its
function is to clean and lubricate the urethra
prior to ejaculation. Stale urine and bacteria
readily collect in the urethra. The high con-
centration of bacteria in this fraction means
that its collection should be avoided when
collecting semen for artificial insemination.
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Fig. 2.11. Atypical stallion sperm.
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The sperm-rich fraction is the major
deposit by the stallion and commences as
soon as the glans penis swells to force entry
into the cervix. This fraction is normally
40-80 ml in volume and contains 80-90% of
the sperm and the biochemical components
of semen.

The third fraction is the post-sperm or gel
fraction. Its volume varies enormously from
none at all to 80 ml and is dependent on
libido: the higher the libido, the greater the
gel fraction. Season also affects the gel-
fraction volume, this being lower in the non-

breeding season. Breed and previous use
also have an effect. If a stallion is used more
than once per day, the second ejaculate fre-
quently has half the gel fraction of the first.
The volume of the gel-free fraction is also
affected by age, as are sperm numbers and
concentration, as illustrated in Table 2.1
(Squires et al., 1979Db).

At ejaculation, the stallion secretes semen in
a series of up to nine jets, the average volume
of semen and the sperm concentration decreas-
ing with successive jets (Fig.2.12; Tischner et
al., 1974; Kosiniak, 1975; Mann, 1975).

Table 2.1. The effect of age on the seminal characteristics of stallions. Means in the same row with
different subscripts differ significantly. NS, not significant. (From Squires et al., 1979b.)

Age (years)

Characteristics 2-3(n=7) 4-6 (n=16) 9-16 (n=21) P
Seminal volume (ml)
Gel 2.1 5.1 13.3 NS
Gel-free 14.2, 26.2, 29.8, 0.05
Total 16.2, 31.4,, 43.2 < 0.01
Spermatozoa
Concentration (10 mI~1) 120.4 160.9 161.3 NS
Total (109) 1.8, 3.6, 4.5, <0.05
Motility (%) 55.0 63.1 59.9 NS
pH 7.68, 7.64,, 7.59, <0.05
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Fig. 2.12. Volume and sperm concentration of successive jets (from Kosiniak, 1975).
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2.8. Conclusion deposition of sperm within the female tract.

It also ensures that the sperm are deposited

It can be concluded that the male repro- in a medium (seminal plasma) that is able to

ductive tract is specifically designed for the provide all the elements for their survival, so
efficient production, storage and subsequent maximizing the chances of fertilization.
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3.1. Introduction

The mare is naturally a seasonal bree-
der, showing sexual activity only during the
spring, summer and autumn months. This
is termed the breeding season, and the non-
breeding season is termed anoestrus. On
average, the breeding season lasts from April
until November in the northern hemisphere
and October to May in the southern hemi-
sphere (eight to 12 cycles). However, the
breed of the mare has a significant effect, as
has individual variation. Ponies and the
large heavier breeds, especially of the cold-

blooded type, tend to show shorter seasons
than the finer, more hot-blooded types, e.g.
the Thoroughbred and lighter riding horses.
It is not unknown for well-fed stabled
horses to be still showing regular oestrous
cycles as late as the January prior to going
into seasonal anoestrus. During her breeding
season, the mare shows a series of sponta-
neous oestrous cycles atregular intervals
and is therefore termed a seasonal polyoe-
strous spontaneous ovulator. The rest of her
breeding cycle is summarized in Fig.3.1,
which illustrates the major milestones in the
mare’s reproductive life.
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First Foal Parturition
successful heat
mating Successful
mating
Birth to puberty 10-24 months
Oestrous cycle length 21 days
Gestation length 11 months
Parturition to foal heat 4-14 days
Lactation length approx. 6 months
Duration of heat 2-10 days

Fig. 3.1. A summary of the breeding cycle of the mare.

The oestrous cycles of the mare com-
mence at puberty (10-24 months of age).
Each cycle lasts, on average, 21 days (range
20-22 days). Each cycle is a pattern of
physiological and behavioural events under
hormonal control and is divided into two
periods: oestrus, when the mare is sexually
receptive, normally 4-5 days; and dioestrus,
when she will reject sexual advances, nor-
mally 16 days. On either side of truly recep-
tive oestrus; two other phases have been
suggested: pro-oestrus, as the mare comes
into oestrus; and metaoestrus, as the mare
goes out. These periods are more evident in
mares than in other farm livestock, as oestrus
is longer and less distinct (Gordon, 1997).
The exact times of these periods vary con-
siderably between individuals and with
season and age, tending to be longer in the
transition periods into and out of the breed-

ing season and in older mares. In general,
any variation in cycle length is due to a
variation in the pro-oestrus, oestrus and
metaoestrus phases, rather than in dioestrus.
For example, a cycle length of 20 days is
likely to be due to 15 days’ dioestrus and
5 days’ pro-oestrus, oestrus and metaoestrus;
for a mare showing a 26-day cycle, the
respective times would be 15 days and 11
days (J. Newcombe, Wales, 2001, personal
communication). Ovulation normally occurs
24-36 h before the end of oestrus and is
denoted by day 0. Days 1-21 then denote the
remainder of the cycle until ovulation recurs
(Ginther, 1992). The cycle may also be
divided into luteal (corpus luteum (CL) is
dominant) and follicular (follicle develop-
ment is dominant) phases.

Oestrous cycles continue throughout the
mare’s lifetime and only cease during the
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non-breeding season. The mare is an efficient
breeder, showing oestrous cycles during lac-
tation, unlike some other seasonal breeders,
such as the ewe, and she is, therefore, capa-
ble of being pregnant and lactating at the
same time. The mare shows her first oestrus
after foaling often within 4-10 days; this
oestrus is termed her foal heat. After the foal
heat, the mare may start to show her regular
21-day cycles, but in many cases, due to the
effects of lactation, it takes a while for
the system to settle down to a regular pat-
tern again (Mathews et al, 1967; Allen,
1978; Ginther, 1992; Watson et al., 1994b).

For ease of understanding, the following
discussion on the oestrous cycle of the mare
has been divided into two sections: the
associated physiological changes; and the
behavioural changes.

3.2. Physiological Changes

The major physiological events associated
with reproductive activity in the mare are

endocrine changes, which in turn govern
and drive the other physiological changes,
as well as her behavioural activity.

3.2.1. The endocrinological control of the
oestrous cycle

The endocrinological control of the oestrous
cycle is governed by the hypothalamic—
pituitary—gonad axis; a similar axis controls
the reproductive activity of the stallion. The
gonads, in the case of the mare, are the
ovaries (Fig.3.2). Overriding the whole of
this control mechanism is the effect of photo-
period; decreasing day length causing
oestrous cycles to cease and increasing day
length causing them to occur. The plane of
nutrition and environmental temperature are
also thought to play a part. Day length is
perceived by the pineal gland in the base of
the brain, which, by means of the hormone
melatonin, controls the activity of the hypo-
thalamic-pituitary—ovarian axis. Melatonin
is produced nocturnally by the pineal gland

+ve p Hypothalamus +ve
GnRH
+ve g ¢ P +ve
> Pituitary <
p LH + FSH
Ovary
—ve
PGF,, Oestradiol
Uterus
Progesterone

v

—ve feedback on whole system

Fig. 3.2. The hypothalamic—pituitary—ovarian axis, which governs reproduction in the mare. GnRH,

gonadotrophin-releasing hormone; LH, luteinizing hormone; FSH, follicle-stimulating hormone; PGF,

prostaglandin F,, .

20’
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and, under the influence of short day
lengths, dominates the reproductive system,
inhibiting the activity of the axis. As day
length increases, inhibition of the axis is
removed, allowing gonadotrophin-releasing
hormone (GnRH) to be produced by the
hypothalamus, so driving luteinizing hor-
mone (LH) and follicle-stimulating hormone
(FSH) production by the pituitary (Fitzgerald
et al., 1987). LH is released in a pulsatile
manner and the frequency of these pulses is
seen to increase from 0.38 to 4.74 pulses
day~! as the mare moves from anoestrus to
the first ovulation of the season (Fitzgerald et
al., 1985). Melatonin is secreted by the pineal
gland in two phases: photophase (daytime);
and scotophase (night-time). It therefore
demonstrates a circadian secretion, with the
highest levels of secretion being evident dur-
ing the scotophase. The presence or absence
of daylight is perceived by the pineal gland
via neural messages from the retina of the
eye. In the absence of light, the conversion
of tryptophan to melatonin is driven
(Grubaugh, 1982; Kilmer et al., 1982; Cleaver
et al, 1991; Sharp and Clever, 1993). The
exact means by which melatonin controls the
hypothalamus is unclear, but it seems likely
to involve dopamine and endogenous opi-
oids, including B-endorphin (Kilmer et al.,
1982; Aurich et al., 1994, 1995; Guerin and
Wang, 1994; Besognek et al., 1995).

Prolactin, another major seasonally
affected hormone, seems to be responsible in
the horse for changes in metabolic rate,
increasing the efficiency of food conversion
during the winter months, a time of food
deprivation. Especially evident in the more
native breeds, this demonstrates an innate
ability of the equine body to anticipate envi-
ronmental conditions and respond accord-
ingly (Argo and Smith, 1983; Morley et al.,
1983; Evans et al., 1991). Prolactin is thought,
therefore, to translate primarily the changes
in day length to seasonal changes in non-
reproductive physiology, with only a limited
effect of reproductive seasonality. The link or
mechanism by which melatonin and pro-
lactin secretions interact is better known in
other seasonal breeders than in horses
(Johnson, 1986a, 1987b; Thompson et al.,

1986; Roser et al., 1987; Thompson and
Johnson, 1987; Worthy et al., 1987; Evans et al.,
1991; Nequin et al., 1993; Besognek et al., 1995).

When day length is appropriate, the hypo-
thalamus is driven to produce GnRH. GnRH
release, in common with other reproductive
hormones, is tonic and pulsatile in manner.
Tonic secretion relates to the background con-
tinual level of secretion, whereas pulsatile
secretion is superimposed upon this as a
series of pulses or episodes of higher levels.
Both the level of tonic secretion and the
amplitude and frequency of episodes can
vary throughout the cycle. An increase in
episode amplitude, frequency or tonic
secretions causes an increase in average hor-
mone concentrations. Eighty per cent of
GnRH released is passed directly down a
specialized portal system, the hypothalamic—
pituitary portal vessels, to have a direct effect
on the anterior pituitary (adenohypophysis),
with 20% passing back to the central nervous
system to affect behaviour. The level of GnRH
in the mare’s circulatory system is, therefore,
relatively low, as its passage to the anterior
pituitary is directed along these specialized
portal vessels. In response to GnRH, the an-
terior pituitary produces the gonadotrophins,
FSH and LH, the target organ for which is the
ovaries (Alexander and Irvine, 1993; Irvine
and Alexander, 1993a,b).

3.2.1.1. Follicle-stimulating hormone

FSH, as its name suggests, is responsible for
the stimulation of follicle development. It is
passed into the general circulatory system of
the mare and its concentration suggests a
biphasic release, with elevated levels on days
9-12 of the cycle and at ovulation. The
largest rise occurs around ovulation and
starts at day 15 with levels of 4ng ml],
increasing to reach concentrations of 9 ng
ml~! during oestrus (Fig. 3.3). This biphasic
release adds weight to the theory that follicu-
lar development in the mare occurs over a
21-day period, in contrast to that in the
sheep, cow and pig, where it is much shorter
(3-6 days). It is likely that the peak at ovula-
tion may serve two purposes: (i) to complete
final follicle development prior to ovulation;
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and (ii) to start the development of a new
cohort of follicles in readiness for the next
ovulation in 21 days (Fay and Douglas, 1987;
Alexander and Irvine, 1993; Bergfeldt and
Ginther, 1993; Ginther and Bergfeldt, 1993;
Irvine and Alexander, 1993a, 1994). Up to ten
follicles may be initially affected by the rise
in FSH, but only a select one or two develop
to a stage that can react to the final message
to ovulate.

Figure 3.3, along with the subsequent
graphs illustrating plasma hormone concen-
trations, are drawn to give an appreciation of
the relative, rather than absolute, hormone
concentrations. As with GnRH, all the hor-
mones discussed here in relation to repro-
duction are secreted in a tonic and episodic
fashion. The following series of graphs only
indicate the average hormone concentra-
tions. Absolute levels reported vary consid-
erably between different scientific reports.
Where known, concentrations are discussed
within the text.

3.2.1.2. Inhibin and activin

It is suggested that the subsequent decline
in FSH is brought about, at least in part, by
the secretion of inhibin by large follicles as

FSH concentration

they near ovulation. Inhibin acts as a nega-
tive feedback on FSH production by modu-
lating the anterior pituitary response to
GnRH, in the form of reducing FSH secre-
tion. Activin has also been isolated in follic-
ular fluid and is reported to have a similar
but positive feedback effect, again specifi-
cally on FSH secretion (Piquette et al., 1990;
Nett, 1993b).

3.2.1.3. Oestrogen

As the follicles develop, they secrete oestro-
gens, the major one being oestradiol-1783, an
ovarian steroidal oestrogen, produced from
cholesterol by an interrelationship between
the theca and the granulosa cells within the
developing follicle. The theca cells convert
cholesterol to progesterone, which diffuses
across to the neighbouring granulosa
cells, where it is converted to oestradiol-178.
This final conversion within the granulosa
cells depends upon the enzyme aromat-
ase, whose activity is FSH-dependent.
Oestradiol-178 is secreted into the main cir-
culatory system and 24-48 h prior to ovula-
tion reaches a peak of 10-15 pg ml™,
dropping to basal levels immediately post-
oestrus. This decline in oestrogen secretion

—
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Fig. 3.3. Variations in the relative plasma concentrations of follicle-stimulating hormone (FSH) in the

non-pregnant mare.
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is associated with the release of the granu-
losa cells into the follicular fluid as part of
the ovulation process, leaving the theca
cells to produce progesterone but no granu-
losa cells for its conversion to oestradiol-178
(Tucker et al., 1991). Oestrogens are respon-
sible for the behavioural changes in the
mare associated with oestrus and sexual
receptivity.

As FSH levels rise, oestradiol levels also
increase, both reaching a peak within
oestrus, thus ensuring that maximum follicu-
lar development in readiness for ovulation is
synchronized with oestrus (Knudsen and
Velle, 1961; Garcia et al., 1979; Nett, 1993a;
Weedman et al., 1993; Fig. 3.4).

3.2.1.4. Luteinizing hormone

The message to ovulate is LH, which, like
FSH, is secreted by the anterior pituitary. At
oestrus, both tonic and episodic concentra-
tions of LH rise to a peak. However, it is the
increase in episodic pulse frequency and
amplitude that is largely responsible for
peak LH concentrations. Receptors to LH on
the follicular theca cells increase in number

Oestradiol-17p concentration

as LH concentrations rise. Increasing LH
thus drives additional androgen-precursor
production, providing more progesterone to
diffuse across to the granulosa cells for con-
version to oestradiol-178, which in turn fur-
ther drives oestrous behaviour. Hence,
rising LH levels induce increasing oestra-
diol-17B secretion, further ensuring the syn-
chronization of ovulation and oestrous
behaviour. LH levels begin to rise from their
basal levels of less than 1 ng ml~!, with a
pulse frequency of 1.4 pulses 24 h™1, several
days before the onset of oestrus. They then
reportedly reach a peak of 10-16 ng ml™!
just after ovulation (Whitmore ef al., 1973). It
has been reported by some that LH not only
drives final follicular development and
induces ovulation but is also involved in the
formation of the CL, possibly explaining
why peak concentrations are not reached
until just after ovulation. LH declines from
peak concentrations to low dioestrous levels
within a few days of ovulation (Pattison et
al.,, 1972; Evans et al., 1979; Pantke et al.,
1991; Alexander and Irvine, 1982, 1993;
Irvine and Alexander, 1993a, 1994; Aurich et
al., 1994; Fig. 3.5).

I ] I J I I A I T
14 15 16 17 18 19 20 21 1 2
— Oestrus t |
Ov.
Time (days)

Fig. 3.4. Variations in the relative plasma concentrations of oestradiol in the non-pregnant mare.
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Fig. 3.5. Variations in the relative plasma concentration of luteinizing hormone (LH) in the non-pregnant

mare.

3.2.1.5. Progesterone

Ovulation of a follicle results in the formation
of a CL within the collapsed follicle lumen
left after the ovum (or ova) and follicular
fluid have been released. The luteal tissue
contained within the CL is largely derived
from the old theca cells and, as such, secretes
progesterone. Progesterone levels, therefore,
rise postovulation, commencing within
24-48 h. Maximum concentrations (10 ng
ml~1) are reached 5-6 days postovulation
and are maintained until day 15-16 of the
oestrous cycle. If the mare has not conceived,
progesterone levels drop dramatically 4-5
days prior to the next ovulation to give basal
levels again during oestrus (Fig. 3.6).
Progesterone has an inhibitory effect on the
release of gonadotrophins in most farm live-
stock. Oestrus cannot begin, therefore, until
progesterone levels have fallen to below 1 ng
ml~!. However, the block to gonadotrophin
release in the mare is not so complete.
Elevated progesterone levels appear to have

an inhibitory effect on the release of LH, pre-
venting any rise in LH until progesterone lev-
els decline. However, progesterone does not
seem to have such an inhibitory effect on FSH.
Indeed, unique to the mare, a second rise of
FSH is apparent 10-12 days after ovulation,
despite elevated progesterone concentrations.
If the mare fails to conceive, progesterone
levels must decline in order to allow the mare
to return to oestrus and ovulate on day 21. In
order to induce the decline in progesterone, a
message has to be received by the reproduc-
tive system of the mare informing her that
there is no conceptus present. The messen-
ger is the hormone prostaglandin F, , (PGF,,).

3.2.1.6. Prostaglandin F,,

PGF,, is difficult to measure in the periph-
eral circulatory system because of its short
half-life and pulsatile manner of release.
However, PGF, has a metabolic breakdown
product, prostaglandin F metabolite (PGFM),
which has a longer half-life and so is easier
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to measure in blood serum and plasma. As
such, it closely mimics changes in PGF,,.
Using levels of PGFM as a guide, it can be
seen that PGF,_ levels rise between days 14
and 17 postovulation, immediately before
progesterone levels start to decline. In mares

Variations in the relative plasma concentrations of progesterone in the non-pregnant mare.

suffering from retained CL or those that are
pregnant, no such rise is detected. PGF,_ is
known to be secreted by the uterine
endometrium and causes luteolysis (destruc-
tion) of the CL, thus causing progesterone
levels to decline (Fig. 3.7). In the mare, PGF,
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Fig. 3.7. Variations in the relative plasma concentrations of prostaglandin F, (PGF, ) and progesterone

in the non-pregnant mare.
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reaches the ovary via the main circulatory
system, not by a local counter-current trans-
port system as seen in the ewe and cow. This
can be demonstrated by hysterectomy, as, in
the case of the mare, removal of the uterine
horn ipsilateral to (on the same side as) the
CL does not result in maintenance of that CL
(Ginther and First, 1971).

The decline in progesterone levels, in
response to PGF, secretion, removes any
inhibition of gonadotrophin release, allow-
ing the hormone changes associated with
oestrus and ovulation to commence.

3.2.1.7. Oxytocin

The message of non-pregnancy is also thought
to involve the release of oxytocin. Oxytocin in
this instance may be produced by the CL and
is transported via the main circulatory system
to the uterus, seemingly enhancing the release
of PGF,, (Tetzke et al., 1987; Nett, 1993b).

3.2.1.8. Summary

Figure 3.8 summarizes simply the major
fluctuations in hormone concentrations

—-=e=-= LH
Oestradiol-173

during a single oestrous cycle of a non-
pregnant mare.

The following is a summary of the major
events that occur in the mare’s oestrous
cycle.

Day 0 Ovulation

LH rising

FSH falling

Oestradiol falling

Oestrus

LH peak

Metaoestrus

Oestrus ends

Dioestrus begins

LH declining

FSH approaching basal levels
Oestradiol approaching basal
levels

Progesterone rising
Progesterone at maximum
FSH rising

FSH peak

FSH at basal levels

PGF,,, peak

Progesterone begins to fall
FSH rising

Progesterone falling

Day 1

Day 2

Day 5
Day 9
Day 11
Day 13
Day 15

Day 16

- FSH
PGFaq

—-—— Progesterone

Plasma hormone concentration

Time (days)

20 21

Oestrus

Ov.

Fig. 3.8. A simplified summary of the major plasma hormone concentration changes during the oestrous
cycle of the non-pregnant mare. LH, luteinizing hormone; FSH, follicle-stimulating hormone; PGF,,,

prostaglandin F,.
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Day 18 FSH rising
Progesterone basal
Oestradiol rising
Pro-oestrus

LH rising
Progesterone basal
FSH peak

LH rising
Oestradiol reaching a peak
Oestrus

Ovulation

LH rising

FSH falling
Oestradiol falling
Oestrus

Day 20

Day 21/0

3.2.2. Physiological changes of the
genital tract

As well as the cyclical changes in hormone con-
centration, changes in the mare’s reproductive
tract are also seen; these are driven by the fluc-
tuations in hormone levels. In the uterus, the
epithelium proliferates during early dioestrus
in preparation for embryo implantation. The
epithelial cells are activated and appear tall and
columnar during dioestrus, becoming deacti-
vated and cuboidal in nature as the next early
oestrus approaches (Ginther, 1992). The epithe-
lial glands also change configuration with the
cycle, becoming more active and secretive and
appear vacuolated during dioestrus. Charac-
teristic changes in uterine secretions can be
detected by ultrasonic scanning typically pro-
ducing ‘cartwheel-like images at oestrus
(Pycock, 2000; J. Newcombe, Wales, 2000,
personal communication). Leucocyte concen-
trations within the uterus also vary, increasing
during oestrus and so helping to combat infec-
tion at a vulnerable time. This increase is
thought to be associated with elevated circulat-
ing oestradiol concentrations at this time.

Uterine myometrial contractility also
varies with the cycle, being more active dur-
ing oestrus. This activity encourages the
expulsion of the uterine exudates and secre-
tion at a time when the tract is most vulnera-
ble to uterine infection.

In general, the changes within the uterus
result in an increase in uterine wall thickness

and turgidity as the mare goes from oestrus
into dioestrus in preparation for the imminent
implantation of an embryo. If pregnancy does
not occur, luteolysis results in a reduction of
the thickness of the uterine wall and a rever-
sal of these changes as oestrus approaches.

Cervical changes also occur within the
cycle. Cervical appearance, as viewed by a
vaginoscope, can be used as a diagnostic aid
in the detection of reproductive activity.
During dioestrus, the cervix is tightly
closed, forming a tight seal against entry
into the uterus. Its appearance is white, firm
and dry. During oestrus, the cervix relaxes,
opening the cervical seal to allow entry of
the penis at mating. During oestrus, the
cervix appears moist, red and dilated as the
secretions of the uterine epithelial cells and
cervical cells increase (Warszawsky et al.,
1972). The presence or absence of these
secretions within the vagina is also indica-
tive of the stage of the oestrous cycle. It is
often very hard to insert a vaginoscope into
the vagina of a dioestrous mare, due to the
thick, sticky nature of the secretions.

3.2.3. Variations in cyclic changes

The mare is notorious for variations or
abnormalities in her reproductive cycle. This
is in contrast to other farm livestock, which
have been specifically bred over time for
their ability to reproduce rather than to per-
form athletically.

A wide variation in the length of oestrus
is evident between mares, the extremes being
between 1 and 50 days. In general, a varia-
tion can be seen with the time of year, longer
and less distinct oestrous periods being evi-
dent during the beginning and end of the
breeding season. Nutritional intake also
causes variation in oestrous length. When
nutrition is limited, oestrus tends to be
longer and less distinct, making it less likely
that the mare will conceive during such a
non-ideal time. This effect of poor nutrition
may be an additional signal to the mare,
indirectly indicating seasonal and therefore
day-length changes (Sharp, 1980; Daels and
Hughes, 1993).
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The length of dioestrus also varies between
mares, with the extremes being 10 days to sev-
eral months. This delay is normally due to one
of three reasons: first, a silent ovulation — ovu-
lation occurred but it was not accompanied by
oestrus, giving the impression that the mare
has been in dioestrus for a prolonged period
of time; second, the existence of a persistent
CL - a CL that has not reacted to PGF,_ or has
not received enough PGF,_ to elicit a response;
or third, inactive ovaries, usually associated
with the transition into or out of the non-sea-
sonal state or true anoestrus. Other variations
in the cycle do occur — for example, ovulation
in dioestrus. LH is normally released in a low
episodic fashion (1-4 ng ml™!') during
dioestrus;  occasionally, however, these
episodes are large enough to cause ovulation
mid-cycle, despite the high dioestrous proges-
terone levels (Vandeplassche et al., 1979b). This
evidence of dioestrous rises in LH and the pre-
viously discussed second FSH peak mid-cycle
indicates that, unlike many other species,
progesterone does not serve to block com-
pletely gonadotrophin release in the mare. The
converse, oestrus with no ovulation, has also
been reported, normally in mares out of the
breeding season (Hughes and Stabenfeldt, 1977;
Daels and Hughes, 1993). Covering at the foal
heat is often unsuccessful, as fertility rates are
normally low. Additionally the oestrous cycles
following this foal heat have an increased
chance of being disturbed, often showing
prolonged oestrus and dioestrus, until steady
cyclicity is achieved (Loy, 1980; Blanchard and
Varner, 1993a; Camillo et al., 1997).

The causes of many of these variations
can be attributed to managerial or environ-
mental influences, e.g. nutrition, tempera-
ture, day length, etc. Occasionally, they are
due to genetic faults, lactational effects or
embryonic death.

3.2.4. Multiple ovulation

Multiple ovulations — the release of more
than one ovum per oestrus — are increasingly
common in mares. Release of the ova may
occur all within oestrus (synchronous) or
occur over time, including early dioestrus

(asynchronous). All such ovulations may be
considered as multiple ovulations as they
have the potential to be fertilized and yield
viable embryos (Ginther and Bergfelt, 1988).
However, the more distant over time the
ovulations occur, the less likely the chance of
fertilization and those occurring more than
3days apart rarely result in multiple
conceptuses. The reported incidence of
multiple ovulations in mares is very
variable, at 0.83% to 42.8% (Arthur and
Allen, 1972; Warszawsky, et al., 1972; Wesson
and Ginther, 1981; Ginther et al., 1982;
Newcombe, 1995). The issue of multiple ovu-
lation and multiple pregnancies presents
many dilemmas and is of significant eco-
nomic importance to horse breeders; this
issue will be further considered in Chapter 5.

3.3. Behavioural Changes

Cyclical, hormonal changes govern the
mare’s behavioural patterns in association
with oestrus and dioestrus, elevated oestra-
diol concentrations and the absence or pres-
ence of progesterone being major factors,
stimulating behavioural centres of the brain.
As considered previously, GnRH is also
known to play a minor role in oestrous
behaviour (Irvine and Alexander, 1993b).
There are many variations between individu-
als in the extent and strength of behavioural
changes (Munro et al., 1979). Details of the
signs of oestrus and their interpretation are
given in Chapter 13. A summary of the major
behavioural changes is given below.

Qestrus initiated by elevated oestradiol con-
centrations:

Signs of oestrus  Docility
Urination stance
Lengthening and
eversion of the vulva
Exposure of the clitoris
(winking)
Tail raised
Urine bright yellow
with a characteristic
odour
Acceptance of the
stallion’s advances
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Dioestrus evident in the absence of oestra- 3.4. Conclusion
diol:
Signs of dioestrus Hostility The prime aim of all the control mechanisms
Rejection of stallion’s  for the female reproductive system is to syn-
advances chronize the physiological and behavioural

Changes associated with oestrus, in order to
synchronize mating with ovulation and so
achieve fertilization, and subsequently syn-
chronize embryo and uterine development.
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4.1. Introduction

The stallion, like the mare, is a seasonal
breeder but tends to show a less distinct sea-
son and, unlike her, if given enough encour-
agement, is capable of breeding all the year
round. However, season does have an effect
upon seminal volume, sperm concentration
in the gel-free fraction, sperm per ejaculate,
the number of mounts per ejaculate and
reaction time to the mare (Pickett et al., 1970,
1975a; Pickett and Voss, 1972; Johnson,
1991b). Figures 4.1-4.5 demonstrate the effect
of season on reproductive parameters.
Sperm production, unlike ova production, is
a continual process and is not governed by
cyclical hormonal changes.

As with the mare, reproductive activity
commences at puberty and continues for the
rest of the stallion’s lifetime, though there is

some suggestion that semen quality declines
after 20 years of age. The exact timing of
puberty is unclear and varies with breed and
development. Various researchers have used
histological changes within the testis, espe-
cially in association with the Leydig cells, to
indicate the timing of puberty. Ages of 1-2.2
years have been suggested using such para-
meters (Cornwall, 1972; Naden et al., 1990;
Clay and Clay, 1992). However, other work
suggests that the colt may be up to 5 years
old before full adult reproductive ability is
reached. The characteristics tested were tes-
ticular weights, daily sperm production,
testosterone concentrations and Leydig and
Sertoli cell number and volume (Johnson
and Neaves, 1981; Thompson and Honey,
1984; Berndston and Jones, 1989). Stallions
of 3 years of age have normally reached
puberty and are spermatogenically active
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Fig. 4.1. Total seminal volume produced throughout the year (from Pickett and Voss, 1972).

Fig. 4.2. Number of sperm in gel-free semen fraction throughout the year (from Pickett and Voss, 1972).
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Fig. 4.4. Mean number of mounts required per ejaculate throughout the year (from Pickett and Voss,
1972).

and so perfectly capable of fertilizing mares are capable of producing adequate numbers
covered; however, they have a limited sperm-  of spermatozoa to cover a full complement
producing capacity. By 5 years of age, they  of mares (Johnson et al., 1991).
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Fig. 4.5. The effect of season on sexual behaviour as measured by reaction time (from Pickett and Voss,

1972).

As with the mare, the reproductive activ-
ity of the stallion can be divided into physio-
logical and behavioural changes and will be
detailed in turn.

4.2. Physiological Changes

Hormone patterns are the major physiological
changes associated with stallion reproductive
activity and indeed govern the remaining
physiological and behavioural changes.

4.2.1. The endocrinological control of
stallion reproduction

Control of stallion reproduction is governed
by the hypothalamic—pituitary—gonad axis,
as seen in the mare, except in the stallion the
testes are the gonads (Amann, 1981a). This
axis is summarized in Fig. 4.6.
Environmental stimuli, in the form of day
length and temperature, have an overriding
effect on the above axis. Season is governed

by the secretion of melatonin from the pineal
gland in response to day length, in a similar
manner to that discussed for the mare
(Thompson et al., 1977; Burns et al., 1982;
Clay et al., 1987). Both melatonin and pho-
toperiod can be manipulated, as in the mare,
to alter the timing of the breeding season,
but overstimulation with artificial long days
for a prolonged period of time results in
refractoriness to the photo-stimulation (Clay
et al., 1987; Cox et al., 1988; Argo et al., 1991).
Again, as discussed in detail for the mare,
prolactin concentrations are also affected by
day length, increasing as day length increases
(4-5 wg ml™! in summer, 1.7 pg ml~! in win-
ter). It is thought that prolactin is the means by
which photoperiod controls coat growth and
weight gain (Tucker and Wetterman, 1976).

4.2.1.1. Luteinizing hormone and follicle-
stimulating hormone

The anterior pituitary is stimulated, via
gonadotrophin-releasing hormone (GnRH),
to produce follicle-stimulating hormone
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Fig. 4.6. The hypothalamic—pituitary—testis axis, which governs reproduction in the stallion. GnRH,
gonadotrophin-releasing hormone; FSH, follicle-stimulating hormone.

(FSH) and luteinizing hormone (LH) (Irvine,
1984). The plasma concentrations of LH and
FSH in the sexually active stallion are of the
order of 3-4ng ml™! and 7-7.5 ng ml},
respectively (Cupps, 1991; Seamens et al.,
1991; Amann, 1993b; Kainer, 1993).

4.2.1.2. Testosterone

The testes, which are the target organs for LH
and FSH, consist of two major cell types,
Leydig and Sertoli cells, plus associated struc-
tural tissue (Fig. 2.10). Leydig cells are found
within the intertubular spaces or interstitial
tissue of the testis and are responsible for the
production of testosterone. These cells and,
therefore, testosterone secretion are controlled
by LH (Amann, 1981a). LH is produced in a
pulsatile fashion, and so is testosterone. Such
pulsatile release of testosterone means that a
single blood sample for the hormone can give
erroneous results; a hormone profile taken
over a period of time and averaged is a much
more accurate indication of true testosterone
levels (Amann, 1993b).

Sertoli cells are found lining the semi-
niferous tubules and act as nurse cells to
developing spermatids. Both FSH and
testosterone drive these cells. FSH is known
to start the process of spermatogenesis,
developing spermatogonia to secondary
spermatocytes. Testosterone then completes
their development from secondary spermato-
cytes to spermatozoa, ready for passage to
the epididymis for maturation (Davies
Morel, 1999).

Additionally, testosterone controls the
development of male genitalia, testis
descent in the fetus or neonate, pubertal
changes and accelerated growth, plus the
maintenance and function of the accessory
glands. It is also responsible for male libido
and sexual behaviour by stimulation of the
central nervous system, plus development
of personality, stallion behaviour and
muscular development. Testosterone also
feeds back negatively on pituitary function
to reduce the release of LH and FSH
and hence its own production (Irvine
et al., 1986; Flink, 1988). A derivative of
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testosterone, dihydrotestosterone, also feeds
back negatively on the pituitary, as well as
having a limited effect on the other testos-
terone-driven stallion characteristics. This
negative feedback ensures that the system
does not overrun itself. Testosterone may
also be produced by a limited population
of Leydig cells occasionally found in the
wall of the vas deferens; this is evident in
some geldings that have been successfully
gelded but continue to demonstrate signifi-
cant stallion characteristics. Testosterone is
also produced by the adrenal glands in
both the stallion and the gelding and it is
this testosterone that is responsible for the
continued, but reduced, male characteris-
tics of the gelding.

Not only is the production of testosterone
dependent upon season (Fig. 4.7), but also a
diurnal rhythm is suggested. Testosterone
concentrations have been reported to be
elevated at 06.00 and 18.00 h. It has been
postulated that in the wild this ensures that
mating activity is greatest at dawn and dusk,
times of least risk to stallions and mares
from predators (Pickett et al., 1989).

4.2.1.3. Inhibin and activin

Two other hormones are also involved in the
control of male reproduction: inhibin and
activin. Both are produced by the Sertoli
cells in response to total sperm production,
and have additional feedback effects on
hypothalamic and pituitary function, specif-
ically on FSH production. Inhibin acts as a
negative and activin as a positive feedback
(Roser, 1997). The precise role of inhibin and
activin in the horse is as yet largely unclear.

4.2.1.4. Prolactin

The central role that prolactin may play in
translating day length into non-reproductive
seasonal physiological changes has been dis-
cussed in this chapter and in Chapter 3. In
addition, based upon work in other farm
livestock, prolactin may also have a role in
enhancing the effect of LH on the Leydig
cells in some way and on the functioning of
the accessory glands (Thomson et al., 1996).
The importance of prolactin specifically in
the horse is as yet unclear.

Fig. 4.7. Concentration (mean + standard error) of testosterone in the peripheral plasma of mature stal-
lions over a 13-month period (from Berndston et al., 1974).
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4.2.1.5. Oestrogens

The stallion’s testis contains a higher con-
centration of oestrogens and oestrones
(150200 pg ml™!) than the testis of other
mammals. The control and significance of
such testicular oestrogen are unclear (Raeside,
1969; Seamens et al., 1991, Amann, 1993b;
Landeck, 1997).

4.3. Behavioural Changes

Testosterone drives male behaviour, espe-
cially that associated with reproduction.
There is much variation between individu-
als, but in summary the following general-
ized behaviour is controlled by testosterone
(Pickett et al., 1975a). On sight of a mare, the
frequency and amplitude of GnRH and
hence LH and FSH release increase, driving
testosterone production and hence produc-
ing stallion behaviour (Irvine and Alexander,
1991). In addition, 20% of GnRH released
acts directly on higher brain centres
(Merchenthaler et al., 1989; Pozor et al., 1991).
Behavioural patterns of a stallion include
fixation of his eyes upon the mare, neck
arching, stamping or pawing the ground and
general elevated stallion stance. He will
often show the characteristic flehman behav-
iour of drawing back his top lip as if tasting
the air, accompanied by roaring. If the mare
seems receptive, he will approach her from

the front, muzzle to muzzle, and in the
absence of hostility will work his way over
her neck, back and rump towards her per-
ineum and vulva. If the mare still stands
with no objection, he will turn and approach
her from behind and to one side, nearly
always the left-hand side. He will then
mount her from that side, possibly after a
few initial dummy mounts to test her reac-
tion and confirm that she is willing to stand.

Ejaculation follows shortly after entry
into the mare and is signalled by the rhyth-
mical flagging of the tail. Such mating
behaviour is directly affected by circulating
testosterone concentrations. At the begin-
ning and the end of the season, reaction time
to a mare is longer and the number of
mounts per ejaculate is greater, these being
direct indications that, when testosterone
levels are declining, sexual enthusiasm or
libido is also waning (Figs4.4 and 4.5;
Weber and Woods, 1993).

4.4. Conclusion

The control of reproduction in the stallion is
designed to ensure continual reproductive
activity, rather than cyclic as in the mare. The
only constraint on the stallion’s reproductive
activity is season, a limitation that ensures that
offspring are more likely to be born at a time
of year most appropriate to their survival.
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The Anatomy and Physiology of Pregnancy in the Mare
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5.7.  Conclusion

5.1. Introduction

The anatomy of pregnancy in the mare can
be divided into four main sections for ease
of consideration: fertilization; early embryo
development; placentation; and organ growth.
Further, more detailed accounts may be
found in other texts, such as Douglas and
Ginther (1975), Betteridge et al. (1982), Flood
et al. (1982), Ginther (1992), Asbury and Le
Blanc (1993) and Flood (1993).

5.2. Fertilization

The ovum released by the follicle is directed
down the Fallopian tube by the fimbriae lining
it to where it waits in the ampulla region, that
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nearest the infundibulum, for the arrival of the
sperm. It is unable to pass through the utero-
tubular junction until it has been fertilized.
The sperm, having been ejaculated into
the top of the cervix/bottom of the uterus,
make their way up through the uterus to the
utero-tubular junction. They move by means
of contractions of the female tract and the dri-
ving action of their own tails. It is thought
that they are attracted towards the ovum by
chemical attractants produced by the ovum
awaiting fertilization. On arrival at the utero-
tubular junction, they pass through to the
Fallopian tube and, if the timing is correct,
meet a waiting ovum in the ampulla. As the
sperm pass up through the female tract, they
come in contact with uterine secretions, which
induce a capacitation response in the acro-
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some region of the sperm heads, a response
that is essential before it is capable of fertiliz-
ing an ovum. Capacitation activates the
enzymes within the acrosome region in readi-
ness for penetration. Once in the vicinity of
the ovum, sperm stick to the outer gelatinous
layer, this layer having replaced the corona
radiata cells prior to ovulation (Fig. 5.1).

Sperm, by means of the whipping action of
their tails, force themselves through the outer
gelatinous layer to the zona pellucida. They
then penetrate the zona pellucida, using the
enzyme acrosin released from the sperm head
of capacitated sperm. This enzyme digests a
pathway through the zona pellucida.

As the sperm head meets the vitelline
membrane of the ovum, the two fuse. This
fusion initiates the final meiotic division,
resulting in three polar bodies and the single
ovum nucleus. The nuclei of the sperm and
the egg (often termed the pronuclei) unite,
their haploid complement (32) of chromo-
somes joining together to give the full diploid
(64) of the new individual. This newly com-
bined genetic material now dictates all the
characteristics of the new individual.

There is some variation in the reported
length of time that the equine ovum remains
viable; figures varying between 4 and 36 h
have been reported, though there is one
report of fertilization occurring 7 days after
ovulation (Newcombe, 1994). After fertiliza-
tion, the ovum is known to actively control,
possibly via the localized secretion of oestro-

Fig. 5.1. The equine ovum prior to ovulation.

gens or prostaglandin E, its passage through
the utero-tubular junction to the uterine
horn, overtaking on its way any unfertilized
ova from that or previous ovulations. Any
ova not fertilized may take several months to
degenerate (Betteridge and Mitchell, 1975;
Onuma and Ohnami, 1975; Flood et al.,
1979a,b; Ball and Brinsko, 1992).

In order to ensure the successful fusion of
one male pronucleus and one female pronu-
cleus, it is essential to ensure that only one
sperm penetrates the vitelline membrane of the
ovum. Polyspermy (penetration by more than
one sperm) is prevented by an instantaneous
block, which occurs as soon as one sperm
touches the vitelline membrane. This instanta-
neous response involves a chemical reaction
within the vitelline membrane, forcing a gap
between itself and the zona pellucida. No
sperm can cross this gap and hence an instan-
taneous block to polyspermy is ensured.

5.3. Early Embryo Development
Twenty-four hours after mating, the fertilized
ovum, now termed a zygote, has divided by
mitosis (growth by cell division) into two
cells. At this stage, the outer gelatinous layer
is lost and the fertilized ovum, still within the
zona pellucida, continues to divide into 4, 16,
32 cells, etc. At 4 days old, itis a bundle of

cells, again still contained within its zona pel-
lucida. It is now termed a morula (Fig. 5.2).

gelatinous layer
zona pellucida
vitelline membrane
vitellus

nucleus

ovum
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Fig. 5.2. The developmental stages from fertilized ovum to morula in the equine conceptus, illustrating

the loss of the gelatinous outer layer by day 2.

At this stage the total volume and exter-
nal size of the bundle of cells have not
changed from the two-cell zygote stage. The
cytoplasm of the original ovum has either
been divided up between all the cells in the
morula or used for energy. Nevertheless, the
amount of genetic material has dramatically
increased, giving a full identical complement
to all cells of the morula.

As the cells continue to divide, the
morula makes its way towards the utero-
tubular junction by anticlockwise rotational
swimming. It passes through this junction
and arrives in the uterus at day 5-6. At
day 5, a thin acellular glycoprotein layer,
termed the capsule, appears in the peri-
vitilline space between the trophectoderm
and the zona pellucida (Oriol, 1994). The
function of this capsule is unclear. It may
have a role in preventing the adhesion of the
embryo to the endometrium, hence allowing
the prolonged mobility phase characteristic
of equine conceptuses. It may also have a
role in driving embryo expansion, which
occurs from day 5 (Crossett et al., 1995;

Fig.5.3). From day 6, the total size of the
embryo starts to increase; this helps to force
the thinning of the zona pellucida, which
eventually breaks. The embryo then hatches
through this break and is left surrounded by
its capsule. At this time, the conceptus starts
to derive nutrients for its growth and cell
division from the surrounding uterine secre-
tions, as by this stage it has used up all its
own reserves. These nutrients are passed
through the capsule to the embryonic cells
via carrier proteins (Stewart et al., 1995). The
provision of such additional nutrients allows
a further increase in size. The morula is now
in its mobility phase, free and floating within
the uterus, deriving all its nutritional
requirements from uterine histotroph (milk),
a secretion designed to match exactly the
requirements of the developing conceptus.

At day 8, the cells of the morula become
differentiated (organized) and three distinct
areas can be identified: the embryonic disc
(shield or mass); the blastocoel; and the tro-
phoblast (Fig.5.4). The morula is now
termed a blastocyst.
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Fig. 5.3. A view of the surface of an equine embryo illustrating the outer trophoblastic cells. The capsule
is evident as a clear area encircling the whole conceptus (photograph Alison Crook).

embryonic disc
(embryo-to-be)

capsule

trophoblast
(placenta-to-be)

blastocoel
(fluid-filled)

Fig. 5.4. The equine blastocyst at day 8 postfertilization, showing the differentiation of three areas.

These three areas go to form the embryo
proper (embryonic disc), the yolk sac (blasto-
coel) and the placenta (trophoblast). This cell
differentiation marks the beginning of the
switching on and off of various genes, cells
then becoming destined to pursue set lines
of development. Prior to this differentiation,
all cells in theory are capable, if extracted
from the morula, of each developing into a
new individual, as none of its genes has been
switched off. After differentiation, this is no
longer possible, as certain cells have been
given the message to pursue only set lines of
development. The mechanism behind this
switching on and off of genes and its trigger
are unknown in the horse. It is important to

note that, at this differentiation stage, the
conceptus is very susceptible to external
physical effects, e.g. drugs, other chemicals,
disease, radiation, etc. These can disrupt the
differentiation process, resulting in deformi-
ties, abnormalities and a high risk of abor-
tion or reabsorption.

From this stage further differentiation
takes place. Day 9 marks the differentiation
of two germ layers (cell layers): the ecto-
derm, consisting of the outer blastocyst cell
layers; and the endoderm, consisting of the
inner cell lining (Fig. 5.5).

The endoderm grows and develops, work-
ing its way around the inside of the tro-
phoblast to give a complete inner layer. The
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Fig. 5.5. The equine conceptus at day 9 postfertilization, illustrating the differentiation of the ectoderm

and endoderm layers.

endoderm and ectoderm together form the
yolk sac wall and provide the means by which
the embryonic disc receives its nourishment
from the uterine secretions. The blastocoel, or
fluid-filled centre, is now termed the yolk sac
and acts as a temporary nutrient store
(Fig. 5.6). This remains the major source of
nutrients to the embryo until implantation or
fixation occurs. The equine embryo is unique
in being free living within the uterus for up to
25 days prior to final implantation; this period
of time is termed the mobility phase.

At day 14, when the embryo has reached
1.3 cm in diameter, the mesoderm or third
germ-cell layer begins to develop. It becomes
progressively evident between the ectoderm
and endoderm, in the centre of the yolk sac
wall, again working its way down from the
embryonic disc to enclose the whole blasto-

cyst. These three germ-cell layers are the cell
layers from which all placental and embry-
onic tissue development originates. In the
case of the placenta, the ectoderm forms the
outer cell layers nearest the uterine epithe-
lium, the mesoderm forms the blood vessels
and nutrient transport system and the endo-
derm forms the inner cell lining, which will
become the allantoic sac (Fig. 5.7).

At day 16, folds appear in the outer cell
layers and the beginnings of the protective
layers, which will surround the embryo,
become evident. The ectoderm folds over the
top of the embryonic disc, taking the meso-
derm with it. The outer layer of these folds is
now made up of the ectoderm plus a meso-
derm layer and is termed the chorion. These
two folds fuse, producing a fluid-filled pro-
tective space for the embryonic disc; this is

— embryonic disc
ectoderm
endoderm

yolk sac

capsule

Fig. 5.6. The equine conceptus at day 12 postfertilization, illustrating the yolk sac, which at this stage
provides the nutrients required by the developing conceptus.
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mesoderm

endoderm | germ-cell
layers

ectoderm

Fig. 5.7. The equine conceptus at day 14 postfertilization, illustrating the developing mesoderm, which
forms the blood vessels and nutrient transport system of the conceptus.

the amniotic sac containing the amniotic
fluid (Fig. 5.8). At this stage, the first fixation
of the embryo to the epithelium is reported
to occur, though this attachment may be only
temporary (Waelchi et al., 1996).

The membrane encompassing the amnion
and separating it from the surrounding
allantoic fluid (discussed later) is termed
the allantoamniotic membrane. Initially, the
amnion is visible as a clear fluid-filled bub-
ble surrounding the embryo. As pregnancy
progresses, it tends to collapse and lie close
to the fetus. Throughout its life in utero, the
amniotic sac provides a clean and protective
environment in which the embryo can
develop. The source of its surrounding amni-
otic fluid is not clear. However, its composi-
tion is very much like blood serum, and
exchange of fluids between the amniotic sac
and the kidneys, intestine and respiratory

tract is known to occur. The fetus in later
stages seems to breathe in and swallows its
surrounding amniotic fluid. The volume of
amniotic fluid surrounding the fetus is
about 0.41 at 100 days postfertilization and
increases to 3.5 | at full term.

At day 16, when the amnion is first
evident, the mesoderm has not yet spread to
enclose the whole of the yolk sac. The area
over which the mesoderm has spread, and
which, therefore, has the three layers, ecto-
derm, mesoderm and endoderm, and is
nearest to the embryonic disc, is called the
trilaminar omphalopleure. The area into
which the mesoderm has not yet spread and
which has only ectoderm and endoderm is
termed the bilaminar omphalopleure. The
junction of these two areas, i.e. the line delin-
eating the limit of mesoderm migration, is
called the sinus terminalis (Fig. 5.9).

____—amniotic fold
___— embryonic disc
chorion
mesoderm

ectoderm

— endoderm

Fig. 5.8. The equine conceptus at day 16 postfertilization, illustrating the formation of the amniotic folds

over the embryonic disc.
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Fig. 5.9. The equine conceptus at day 18 postfertilization, illustrating the near-completion of the amniotic
sac surrounding the embryonic disc. The trilaminar omphalopleure is shown, nearest the embryo,
consisting of the endoderm, mesoderm and ectoderm, and the bilaminar omphalopleure, into which the

mesoderm has not yet spread.

From this stage, it is increasingly evident
that embryology can be dealt with in two sec-
tions: placentation; and organ development.

5.4. Placentation

The placenta has two major functions: first,
protection; and, second, regulation of fetal
environment, in the form of nutrient intake
and waste output. The placenta develops
from the extraembryonic membranes, the
trophoblast of the blastocyst. The first source
of nutrients, and therefore a form of primi-
tive placenta, is the yolk sac or blastocoel.
This provides both a temporary store and a
transport system for nutrients derived from
uterine secretions.

Day 14 sees the first evidence of blood
vessels developing in the centre of the yolk
sac wall in the mesoderm. This will become
the blood system of the placenta. By day 18,
the vitelline artery, carrying blood towards
the mother, and the vitelline vein, carrying
blood away from the mother, are identifiable.

On day 20, an outpushing of the em-
bryonic hind-gut can be seen immediately
below the placenta. This is termed the allan-
tois and it continues to grow with the embryo.
This sac is filled with allantoic fluid; it is
encompassed by the allantochorionic mem-
brane, or placenta. The allantoic fluid consists

of the secretions of the allantochorion, along
with urinary fluid, which is excreted from the
fetal bladder via the urachus within the
umbilical cord (Figs 5.10 and 5.11).

The volume of the allantois at day 45 is
approximately 110 ml, increasing to 8.51 by
day 310, a considerably larger volume than
seen in the amniotic sac. The allantoic fluid
increases in volume as the fetus grows, pro-
ducing more urinary fluid to be stored.
During the first trimester (3—4 months), it is

clear vyellow in colour, changing to
brown/yellow as pregnancy develops
(Figs 5.12 and 5.13).

This developing allantoic sac moves over
the top of the embryo as its contents increase,
forcing the embryo down to the bottom of the
blastocyst, reducing, as it goes, the extent of
the yolk sac, until the yolk sac is hardly visi-
ble. As the allantoic sac increases in size, the
umbilical cord becomes evident. The attach-
ment point of the umbilical cord normally
corresponds to the position of initial implan-
tation. It consists of two vitelline arteries, one
vitelline vein and the urachus, plus some
supporting and connective tissue. The arter-
ies and veins are responsible for blood trans-
fer to and from the placenta to the fetal
system and the urachus transfers waste prod-
ucts from the bladder to the allantois; as
such, it extends no further than the allantois
and does not reach the placenta (Fig. 5.14).
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Fig. 5.10. The development of the equine placenta at day 20 postfertilization, illustrating the develop-
ment of the allantoic sac.
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Fig. 5.11. The development of the equine placenta at day 40 postfertilization.

Fig. 5.12. The equine fetus at 200—220 days of gestation, illustrating the removal of the allanto-chorion
(placenta) and the significant amount of allantoic fluid released as a result.



Anatomy and Physiology of Pregnancy in the Mare 55

Fig. 5.13. Equine fetus at 200 days of gestation, illustrating the fetus within the amnio-chorion after
removal of the allanto-chorion. The umbilical chord can be seen connecting the fetus and the allanto-
chorion, which has been removed from around the fetus and is lying in the top left-hand corner. The, as
yet small, hippomane can be seen just above the ruler.

- chorion

. ——amnion

———— allanto-amnion

allantois

~~ allanto-chorion
(placenta)

umbilical cord

Fig. 5.14. The placental arrangement of the equine conceptus near term.

As the fetus develops, its nutrient
demand increases. The nutrients provided
via the yolk sac are soon not enough to meet
this demand; thus a more intimate relation-
ship needs to develop between the mother
and the embryo, and hence its period of
mobility ceases and it begins to implant. This
occurs as a gradual process from day 25
onwards; until this point, the yolk sac is fully
functional. At this stage, the capsule begins
to degenerate, though remnants have been
reported as late as day 35 (Enders et al., 1993;
Oriol, 1994).

The first identifiable attachment between
mother and fetus occurs around day 25, at the
chorionic girdle (Fig. 5.15). This is a tempo-
rary attachment and normally implants the
conceptus at the junction between the uterine
body and the uterine horn. The chorionic gir-
dle is a band of shallow folds encircling the
allanto-chorionic membrane. Cells within this
girdle elongate and invade the uterine
endometrium, engulfing some of the epithe-
lial cells. This girdle forms in an area of the
conceptus where there is no mesoderm, i.e.
where the yolk sac is being restricted by the
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Fig. 5.15. The beginnings of the development of the p
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lacenta of the equine conceptus at day 25 postfertiliza-

tion, illustrating the position of the chorionic girdle attachment.

developing allantois. The growth of the
chorionic girdle is likely to be due in part to
insulin growth factor II (Enders and Lui,
1991; Enders et al., 1993). This attachment,
though only tenuous, does provide a signifi-
cant exchange unit (Enders et al., 1993). At
day 38, the fetal cells migrate into the
maternal endometrium and detach from the
allanto-chorion. Some work suggests that the
conceptus is then released and can migrate
within the uterus. However, it normally
returns to the junction of the uterine horn and
body for final implantation around day 40,
though the exact time may vary, final fixation

i A%
Fig. 5.16. The remains of the endometrial cups can be
endometrium.

R s LA

possibly occurring later in older mares
(Carnevale and Ginther, 1992). The invading
fetal girdle cells now form endometrial cups
in a band around the inside of the uterus, at
the junction of the body and the horn, at the
original position of the chorionic girdle
(Fig. 5.16). Their development is associated
with increasing lymphatic activity (Enders
and Lui, 1991). These endometrial cups secrete
equine chorionic gonadotrophin (eCG), some-
times referred to as pregnant mare serum
gonadotrophin, which is essential for the
maintenance of early pregnancy. eCG will be
discussed in detail in Chapter 6.

=

seen in a band running across the uterine
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Around day 90, the endometrial cups
begin to degenerate and slough away from
the uterine endometrium. The reason for this
seeming rejection is not fully understood,
but it may be a maternal immunological
rejection of the ‘foreign’ fetal tissue, which
is specific to the endometrial cups and not
the allanto-chorion (Asbury and Le Blanc,
1993). The duration of the endometrial cups
is very variable, being longer in sibling
matings, primiparous mares (mares not
previously pregnant) and foal-heat matings
(Spincemaille et al., 1975; Bell and Bristol,
1991; Allen et al., 1993). The remains of these
sloughed-off endometrial cups may be re-
absorbed by the fetus during the remainder
of the pregnancy or they may be seen in the
placenta at birth as invaginations or pouches
in the allanto-chorion (Fig. 5.16).

Gradually, over time, as the endometrial
cup attachment is lost, the rest of the fetal
allanto-chorion begins to attach to the uter-
ine epithelium. This attachment begins
between day 45 and day 70 and gradually
becomes firmer over the next 100 days, being
fully attached by day 150. At day 45-70, the
allanto-chorion takes on a velvety appear-
ance, created by fine microvilli over its entire
surface; hence the equine placenta is termed
diffuse. These microvilli organize themselves
into discrete microscopic bundles or tufts,
which invade receiving invaginations in
the uterine epithelium. These bundles of

microvilli are termed microcotyledons, and
their attachment develops over a period of
time, being fully complete and functional by
day 150 (Fig. 5.17).

A strong attachment is formed between
the fetus and the mother. The equine pla-
centa is relatively thick, with six cell layers
and four basement membranes. The three
cell layers on the fetal side are: mesoderm
(endothelium — blood vessel wall); endo-
derm (connective tissue); and ectoderm
(allanto-chorion); and the three on the
maternal side are: epithelium; endometrium
(connective tissue); and endothelium (blood
vessel wall). The equine placenta is there-
fore termed epitheliochorial and covers the
whole surface of the uterus, except the
cervix (the cervical star) and the two utero-
tubular junctions (Figs5.18 and 5.19;
Figs 5.12 and 5.13; McDonald and Fowden,
1997).

The presence of the microcotyledons
serves to increase the surface area of the
placenta and, therefore, the area for nutrient
and gas exchange. Within each microcotyle-
don, the maternal and fetal blood-supply
system come in close proximity, allowing
efficient diffusion.

However, the thickness of the placental
attachment prevents the diffusion of any
large protein molecules. As immunoglobu-
lins are large protein molecules, the attain-
ment of passive immunity in the foal by

/utenne artery

uterine vein

- endometrial glands
uterine endometrium
microcotyledons maternal side
microcotyledons fetal side

-uterine epithelium
umbilical vein
umbilical artery
allanto-chorion

Fig. 5.17. Equine placental microcotyledons in the fully developed placenta.
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endothelium
(blood vessel wall)
mesoderm
endometrium (endothelium blood
(connective tissue) vessel wall)
endoderm

epithelium

ectoderm

(connective tissue)

(allanto-chorion)

Fig. 5.18. The structure of the equine placenta.

umbilical cord

gravid horn

allanto-amnion

Fig. 5.19. The equine fetus and placenta near term.

diffusion across the placenta is limited.
Passage of immunoglobulins via colostrum
is, therefore, of utmost importance in the
mare, as will be discussed in further detail
in Chapters 15 and 16. The thickness of the
placenta varies in other mammals, but, in
general, the thicker the placenta, the less

’ < V cervical star
allanto-chorion

Fallopian tube

non-gravid horn

amnion

allantoic fluid

efficient the transfer of passive immunity in
utero and hence the increased reliance upon
colostrum. However, a thicker placenta, as
seen in the mare, has the advantage of
providing extra protection to the fetus from
harmful maternal blood-borne factors
(Silver et al., 1973).
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5.4.1. Placental efficiency

Despite the thickness of the placenta, nutri-
ent and gaseous exchange across the mare’s
placenta is relatively efficient when com-
pared with other farm livestock. This is
accounted for by the diffuse nature of the
equine placenta compared with the cotyle-
donary (attachment in discrete areas) nature
of those of the ewe and the cow. However, it
must be remembered that measurements
taken on placental efficiency involve the
acute catheterization of the umbilical arter-
ies, and hence the technique used may affect
the results obtained. Silver et al. (1973)
demonstrated the relative efficiency of the
mare’s placenta, as changes in maternal
blood oxygen and glucose concentrations
were mimicked more closely by changes in
the fetal blood concentration than in sheep.
Free fatty acids and lactate also follow the
same pattern. It may well be deduced, there-
fore, that factors affecting the mare will have
a greater effect on the fetus than is evident in
ruminants, though such an association has
yet to be confirmed.

As pregnancy progresses, the maternal
epithelium stretches as the uterus increases
in size. As a result, the placenta also
stretches and becomes thinner and hence the
resistance to gaseous and nutrient exchange
decreases, the placenta becoming more effi-
cient as the demands of the fetus increase.
By full term, the placenta of a 15-16 hh
horse weighs about 4 kg. Its surface area is
approximately 14,000 cm? and it is about
1mm thick. The foal's birth weight is
directly proportional to the surface area of
the placenta, as this is the limiting factor
controlling nutrient and gas exchange and
hence their availability to the developing
fetus. The surface area of a placenta may be
restricted for several reasons, including the
presence of twins.

5.4.2. Twins

Twinning is increasingly a significant
problem in stud management, especially
in intensively bred horses, such as the

Thoroughbred. The incidence of twin ovula-
tions, which have the potential to result in
twin conceptuses, in the Thoroughbred is
20-25% (Davies Morel and O’Sullivan,
2001). Of this potential number of twins, sig-
nificant natural reduction does occur, with
one twin dying (70% of twins are unilateral,
of which 85% naturally reduce, and 30% are
bilateral, none of which naturally reduces)
(Ginther, 1989a,b; Ginther and Griffin, 1994).
If twins do develop to the placentation
stage, the area of the uterus available for
each placenta is restricted by the presence of
the other fetus. If the division of uterine sur-
face area available to each twin is equal,
then both twins have an equal chance of sur-
vival, but their birth weights will be
reduced. If the division is unequal, then the
smaller one may cause the whole pregnancy
to abort or, if the pregnancy is not well
advanced, it may die and become mummi-
fied. If mummification occurs, the preg-
nancy may well continue, but the placenta
of the larger surviving fetus cannot expand
into the uterine surface originally occupied
by the now dead fetus (Fig. 5.20). At term,
therefore, a single foal will be born, but with
a reduced birth weight due to placental
restriction (Fig. 5.21).

Fig. 5.20. The fetuses of a twin pregnancy dis-
sected out at post mortem. The different size of the
twins is evident as a result of placental restriction of
the smaller twin. If left to go to term, the smaller
twin would eventually have died and probably have
caused the abortion of the whole pregnancy.
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5.4.3. Placental blood supply

As mentioned previously, the mesoderm of
the blastocyst surrounding the yolk sac
forms the first blood supply to the fetus.
Early on, a clear network of blood vessels
can be identified within the trilaminar
omphalopleure, with two major vessels con-
necting the network to the rudimentary
heart. Additional pathways develop to feed
areas of considerable growth. Hence, when
the yolk sac degenerates and the nutrient
supply to the fetus is taken over by the
allanto-chorionic placenta, a well-formed
network of blood vessels lining the allanto-
chorion already exists. This fine network
enlarges and invaginates into the micro-
cotyledons of the placenta. Each microcotyle-
don is supplied on the fetal side by several
arteries, but exit back to the fetal heart is via
a single vein. This arrangement slows down
the flow of blood through the microcotyle-
dons and encourages more efficient diffusion

(d) /

Fig. 5.21. Placental configurations in equine singleton and twin pregnancies: (a) singleton; (b) equal split,
bilateral (50% : 50%); (c) unequal split, bilateral (60% : 40%); (d) unequal split, bilateral (80% : 20%).

and gas exchange. The oxygenated and
nutritionally replenished blood returns to
the fetal heart by the umbilical vein
(Fig.5.22). The umbilical cord, therefore,
contains two fetal arteries and one fetal vein
plus the urachus.

It should be remembered that in the
fetus, because of the bypass of the non-func-
tional lungs, deoxygenated blood is carried
to the placenta in arteries and oxygenated in
the veins.

On the maternal side a very similar
arrangement exists. Oxygenated and nutri-
tionally enriched blood approaches the
microcotyledons in a fine network of arter-
ies, but the drainage back to the maternal
system is also via a single vein, again slow-
ing down the passage of blood and increas-
ing the efficiency of nutrient and gaseous
exchange. This transfer across the utero-fetal
placental barrier can be compared in many
ways to the gaseous exchange within the
mammalian lung.
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Fig. 5.22. The venous and arterial blood supply to the microcotyledons within the equine placenta, allowing
the transfer of nutrients and waste products from the maternal (right) to the fetal (left) system and vice versa.

5.5. Organ Development

Organ development arises from the reorgani-
zation of cell populations within the embry-
onic disc itself. This organization is related to
that which occurs in placentation, previously
discussed. This can be divided into two basic
sections, gastrulation and neuralation. The
former can be subdivided into segregation,
delamination and involution. Further
accounts of organ development can be found
in Douglas and Ginther (1975), Van Niekerk
and Allen (1975), Betteridge et al. (1982),
Flood et al. (1982) and Enders et al. (1988).

5.5.1. Gastrulation

Gastrulation is defined as the organization of
the embryo into three germ layers: ectoderm;
mesoderm; and endoderm. This involves pri-
marily the cells of the embryonic disc but also
those of the placental tissue. The first stage of
gastrulation is segregation, during which the
central blastomeres or cells of the embry-
onic disc organize themselves into smaller
outer and larger inner blastomeres (Fig. 5.23).

The larger blastomeres collect underneath
the disc and migrate in two directions. First,
they migrate to line the remaining ectoderm
of the blastocyst, forming the endoderm.
Second, they migrate within the embryonic
disc, creating at day 11 the first asymmetry, a
thicker area at the caudal end and a thinner
area at the cranial end (Fig. 5.24).

The next stage of gastrulation is termed
delamination. This commences at day 12 and
marks the first evidence of epiblast cells,
hypoblast cells and the primitive gut
(Fig. 5.25).

capsule ——-

embryonic disc

blastocoel

ectoderm —-

Fig. 5.23. Day 9 segregation in the equine concep-
tus, illustrating the larger inner blastomeres and
smaller outer blastomeres within the embryonic disc.
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embryonic disc — cranial end

embryonic disc — caudal end

migrating endoderm —

(hypoblast cells)

blastocoel becomes

yolk sac

ectoderm ——

capsule

Fig. 5.24. Day 11 segregation in the equine conceptus, indicating the migration of the large blastomeres
from the lower part of the embryonic disc to form the ectoderm along with the first asymmetry in the

embryonic disc.

embryonic disc

(neural-plate epiblast cells)

primitive gut
(yolk sac)

endoderm
(hypoblast cells)

yolk sac

e
e
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Fig. 5.25. Day 12 delamination in the equine conceptus, showing the future development of the endo-

derm layer.

The epiblast cells are those of the embry-
onic disc. The hypoblast cells are the migrat-
ing endoderm and within this ring of
hypoblast cells is the yolk sac or primitive
gut. At day 14, a change in this neural plate
becomes evident. This change forms the
beginning of the primitive streak identified
within the epiblast cells. At this stage, it is
about 1 cm in length.

Involution is the third stage of gastrulation,
when the epiblast cells move inwards to the
centre of the caudal end of the disc (Fig. 5.26).
At this stage, three types of cells — ectoderm
(epiblast cells), mesoderm and endoderm
(hypoblast cells) — are evident within the
embryonic disc as seen in the extra embryonic
tissue (Fig. 5.7). These three cell layers will go
to form all the main body structures.

The moving ectoderm or epiblast cells
reappear as mesoderm between the ecto-
derm and the hypoblast cells or endoderm.
As the cells move through to the lower level,
they leave a depression in the upper surface
of the epiblast. These migrating epiblast cells
tend to move in greater concentrations at the
caudal end of the primitive streak, making it
wider. The primitive streak so formed makes
the future longitudinal axis of the embryo.

At day 15, epiblast cell movement tends to
slow down; the slight indentation along the
longitudinal axis of the primitive streak
becomes deeper, as cells continue to move
out from underneath to form the mesoderm
and are not replaced by migrating epiblast
cells above. This deep groove is now termed
the primitive groove. The cells associated
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Fig. 5.26. Day 14 involution of the equine conceptus. A bird’s-eye view of the embryonic disc, along with
a cross-section view through A-B, illustrating the passage of ectoderm cells through the primitive streak
to reappear between the ectoderm and endoderm, forming the mesoderm. Further cell movement results
in the flattening of the caudal end of the primitive streak.

with the primitive groove are termed node
cells, to differentiate them from the cells of
the remainder of the embryo. At day 15, these
node cells can be identified as precursors of
future body organs. The ectoderm node cells
form the neural plate, running the length of
the top of the primitive groove, the cranial
end of which goes to form the head. The
spreading mesoderm in the immediate vicin-
ity of the neural plate goes to form the
somites, or body trunk, and the mesoderm
immediately below the primitive groove goes
to form the notochord (spine and central ner-
vous system (CNS)). Finally, the wide caudal
end forms the tail end of the fetus (Fig. 5.27).

The process of gastrulation is now com-
pleted, the major cell blocks are identifiable
and the longitudinal axis of the embryo is
determined.

5.5.2. Neurulation

The next stage, termed neurulation, involves
the development of the CNS, gut and heart.
Day 16 sees three major changes. First, the
ectoderm near the neural plate thickens and
two neural folds develop either side of the
neural plate. The neural plate becomes
depressed and the neural folds fold over, join
and then fuse to enclose a hollow tube, the
spine- and CNS-to-be (Fig. 5.28).

Second, the mesoderm either side of the
neural plate organizes itself into 14 somites.
Third, at the cranial end of the neural plate,
an increase in cell growth above the surface
becomes apparent, with an accompanying
increase in the length of the neural plate.
This cell growth folds over to form the head
process, heart and pharynx.

By day 18, lateral folds are beginning to
develop either side of the head process. As
cells move into this area and cell division
increases, the cranial end of the neural plate
lifts away from the wunderlying tissue
(Figs 5.29 and 5.30).

These lateral folds move down from the
cranial end to the caudal end, lifting the
whole body away from the underlying tissue
(Fig. 5.30). This lifting away from the
remaining tissue leaves just one attachment
point in the centre, the first evidence of the
umbilical cord. The embryo continues to lift
off the underlying tissue and the head and
tail processes fold back down to give the
embryo its characteristic C-shape configura-
tion. At this stage, two more somites are evi-
dent, making 16 in total.

The gut tube also now begins to develop
from the pharynx fold by closure of the endo-
derm folds, in a way similar to that by which
the neural tube was formed from folds in the
ectoderm. The hind-gut of the fetus now
extends out into the blastocoel to form the
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ectoderm node cells (neural plate head-to-be)

spreading mesoderm
(somites body trunk-to-be)

mesoderm node cells (under neural-plate
notochord spine-to-be)

caudal end of primitive streak

Fig. 5.27. Day 15 completed gastrulation in the equine conceptus. A bird’s-eye view and cross-section view
through A-B of the embryonic disc. The formation of the head from the cranial end of the neural plate is
illustrated, along with the somites, or body trunk, formation from the mesoderm in the immediate vicinity of
the neural plate and the spine and central nervous system formation from the mesoderm immediately below
the primitive groove.

neural plate

notochord
ectoderm

mesoderm

neural folds

neural folds
joined and fused

Fig. 5.28. Day 16—17 neurulation of the equine conceptus. The ectoderm near the neural plate thickens
and two neural folds develop either side of the neural plate and join to enclose a hollow tube, the future
spine and central nervous system.

allantois, as illustrated in Figs 5.10 and 5.11,
and blood is also now evident in the lumen
of the tubular heart (Cottrill et al., 1997).

The embryo now lies away from the
underlying tissue, the placental tissue, and is

connected directly to the mother only by the
umbilical cord, which contains a blood system
derived from the mesoderm, along with sup-
porting connective tissue. The embryo now
has an identifiable neural tube, the forerunner
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Fig. 5.29. Day 18 neurulation of the equine con-
ceptus. A bird’s-eye view of the embryonic shield,
illustrating cell movement in towards the cranial
end of the neural plate, which subsequently lifts
away from the underlying tissue.

of the CNS, and a head process with enlarged
neural tube, the brain-to-be. Its pharynx and
gut tube are also present, as are the somites,
or body muscle blocks. Therefore, by day 23,
all the basic bodily structures are evident,
though only in a rudimentary form.

5.6. Organ Growth

From day 23 onwards, development is in the
form of fine differentiation and organ
growth. By day 40, all the main body features
are evident, e.g. limbs, tail, nostrils, pig-

mented eyes, ears, elbow and stifle regions,
eyelids, etc., and the embryo is now termed a
fetus. Day 39-45 heralds sexual differentia-
tion and evidence of external genitalia. The
weight of the fetal gonads reaches a maxi-
mum at day 180-200, the weight of fetal
testis and ovaries being equivalent and
developing to the following pattern
(Douglas and Ginther, 1975):

Day 80 l4g
Day 140 18.7 g
Day 200 480¢g
Day 320 3l14g

The increase and decrease in size are due to
a proliferation and degeneration of intersti-
tial cells (Walt et al., 1979) and may corre-
spond to the period of masculinization or
feminization of the fetus. The reason for the
relatively large size of the fetal gonads in
the horse is unclear, but it may be related to
the secretion of significant levels of oestro-
gens at this time.

At this stage, most of the development is
complete and increase in growth now
occurs (Fig. 5.31). At day 60, the eyelids
close and finer eye development occurs,
teats are present and the palate is fused.
Day 160 sees the first evidence of hair
around the eyes and muzzle and, by day
180, hair has begun to develop at the tip of
the tail and the beginnings of a mane are
evident. By day 270, hair covers the whole
of the body surface.

developing lateral folds

head process

umbilical region

Fig. 5.30. A cross-section view (A-B) of Fig. 5.27, illustrating the gradual appearance of the head and
tail processes during neurulation in the 19-day-old equine conceptus. The embryo now begins to take up

the characteristic C shape.
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Fig. 5.31. The increase in fetal crown—-rump length throughout gestation (data from Roberts, 1971a;

Evans and Sack, 1973; Ginther, 1992).

From day 150 onwards, the hippomane,
an accumulation of waste minerals within
the allantois, becomes apparent. The hippo-
mane increases in size with pregnancy
(Fig. 5.32).
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Fig. 5.32. The hippomane often found within the
placenta of the mare. This example is 11 cm long.

From day 320 onwards, the testes in the
male fetus may descend through the
inguinal canal; however, this does not occur
in all colt fetuses, as some drop neonatally.

The main milestones in equine fetal
development are summarized in Table 5.1
(Ginther, 1995; Reef, 1998; Sertich, 1998).

Full term, normally at 320 days in ponies
and up to 2 weeks later in Thoroughbred
and riding-type horses, heralds the birth of a
very well-developed fetus, typical of a
preyed-upon, plain-dwelling animal. At
birth, foals are capable of all basic bodily
functions, including walking, within 30-60
min. Details of the foal’s adaptation to
the extrauterine environment are given in
Chapter 15.

5.7. Conclusion
Our understanding of embryo development

specific to the equine is still incomplete,
especially in early pregnancy. Continuing
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Table 5.1. A summary of the major milestones for fetal development throughout pregnancy.

Day of
gestation Major milestones
1 Zygote, two cells
4 Morula, 16 cells plus
5 Capsule formation
6 Hatching of morula
8 Blastocyst, differentiated into embryonic mass, blastocoel and trophoblast
9 Ectoderm and endoderm germ layers evident, gastrulation begins
11 Segregation giving first embryonic asymmetry, caudal and cranial ends evident
12 Delamination, epiblast cells, hypoblast cells and primitive gut evident
14 Mesoderm evident, primitive streak appearing, involution commencing
15 Primitive streak now evident as a groove
16 Neurulation starts, folds leading to the formation of the amnion seen, first blood vessels
evident in mesoderm, chorionic vessicle 2—4 cm diameter
18 Vitelline artery and vein identifiable, fetus begins to take on characteristic C shape
20 Allantois forming from outpushings of the fetal hind-gut, chorionic vesicle oval in shape
(2.5—4.5 cm diameter), eye vesicle and ear present
Capsule begins to degenerate
21 Amnion complete
23 All basic bodily structures evident, though in rudimentary state
25 Chorionic girdle, first evident attachment of fetus
26 Forelimb bud seen, three branchial arches present, eye visible
30 Genital tubercle present, eye lens seen
36 Rudimentary three digits seen on hoof, facial clefts closing, eyes pigmented and acoustic
groove forming
40 Endometrial cups forming, ear forming, nostrils seen, eyelids seen, all limbs evident and
elbow and stifle-joint areas identifiable, chorionic vesicle 4.5-7.5 cm diameter
42 Ear triangle in shape, mammary buds seen along ridge
45 External genitalia evident, allantoic sac volume 110 ml
47 Palate fused
49 Mammary teats evident
55 Ear covers acoustic groove, eyelids closing
60 Chorionic vesicle 13.3 cm X 8.9 cm
63 Eyelids fused, fine eye development occurring, hoof, sole and frog areas of hoof evident
75 Female clitoris prominent
80 Scrotum clearly seen
90 Endometrial cups degenerate, chorionic vesicle 14 cm X 23 cm
95 Hoof appears yellow in colour
112 Tactile hairs on lips growing
120 Fine hair on muzzle and chin and eyelashes beginning to grow, eye prominent and ergot evi-
dent
150 Full attachment of placental microcotyledons, eyelashes clearly seen, enlargement of mam-
mary gland
180 Mane and tail evident
240 Hair of poll, ears, chin, muzzle and throat evident
270 Whole of body covered with fine hair, longer mane and tail hair clearly seen
310 Allantoic-sac volume 8.5 |
320 Testes may drop from this time onwards
320-340 Birth of fully developed fetus

development of our knowledge is essential if ~ factors affecting embryo survival are more
we are to understand and hence minimize fully understood, our management of the
embryo mortality, a significant cause of equine can be further directed towards
apparent infertility in the mare. When the minimizing losses.
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6.1. Introduction

When examining the endocrinological con-
trol of pregnancy in the mare, gestation can
be divided into two stages: early (fertiliza-
tion to day 150); and late (day 150 to full
term).

6.2. Early Pregnancy (Fig. 6.1)

By day 6, the conceptus has migrated to the
uterus and exists by deriving nutrients from
the uterine hystotroph or secretions. No
major changes from the non-pregnant cycle
are evident as yet (Freeman et al., 1991).
However, by day 15, a message has to be
received by the reproductive system of the
mare if it is to continue in pregnancy mode:

blocking the drop in progesterone and hence
allowing progesterone levels to remain
elevated (Fig. 6.1). This is essential for the
initial maintenance of pregnancy. If the mare
is pregnant, then ovarian progesterone pro-
duction, from one or a number of corpora
lutea (CL), has to be maintained until at least
day 75. If there is a failure of the functional
CL during this time, then the mare will abort.

6.3. Maternal Recognition of
Pregnancy

The importance of day 15 is seen in experi-
ments with early-pregnant mares. If the
embryo is removed from a pregnant mare
prior to day 15, she will return to oestrus at
her normal time (21 days after the last). If,
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Fig. 6.1. A summary of the plasma hormone concentrations during early pregnancy in the mare
(days 0-150). CL, corpora lutea; PMSG, pregnant mare serum gonadotrophin; FSH, follicle-stimulating

hormone.

however, the embryo is removed at day 16
or later, then the mare will not return to
oestrus as expected and will show a pro-
longed dioestrus, due to the persistence of
the CL. The length of the delay will depend
to a certain extent on the age of the embryo
at removal.

Experiments show clearly that D-Day as
far as the hormonal control of pregnancy
is concerned is day 15 (Hershman and
Douglas, 1979), though embryo-transfer
work suggests there may be a more progres-
sive recognition of pregnancy from day 8
onwards than previously thought (Goff et al.,
1987). The exact nature of the message
informing the mare of the presence of a con-
ceptus is unclear. However, it has been
demonstrated that equine conceptuses are
capable of synthesizing oestrogens as early
as Day 12 (Flood et al., 1979a; Heap et al.,
1982; Sharp, 1993; Choi et al., 1995). As such,
oestrogens are the likely candidate acting
locally on the uterine epithelium to inform
the mother of the presence of the fetus
(Flood et al., 1979a; Stewart et al., 1982; Daels
et al., 1990). By whatever means the message
is delivered, the result is the maintenance of

the CL beyond day 15 (Ball et al., 1991). In
the non-pregnant mare, the CL is destroyed
at about day 15 by prostaglandin F,,
(PGF,,), allowing the cyclical changes associ-
ated with oestrus and ovulation to begin
(Chapter 3). Therefore, in the pregnant mare,
this action of PGF, must be blocked.

The exact mechanism for preventing the
action of PGF, is unknown, but there are
several hypotheses. First, it has been sug-
gested that PGF, binding to the CL is
reduced. However, doubt has been placed
upon this hypothesis, as it has been reported
that the concentration of PGF,_ receptors on
CL is high during the period days 16-18
postovulation. The second hypothesis is that
an alternative component is produced by the
uterus, which competitively binds with the
PGF,, receptors on the CL. A suitable candi-
date is prostaglandin E (PGE), which is very
similar in structure to PGF,  but biologically
inactive with regard to CL regression (Allen,
1970; Heap, 1972; Vernon et al., 1979). Finally
the third, and currently favoured, option is
that the secretion of PGF,  is reduced. This
third hypothesis is supported by: the
reported reduction in the concentration of
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PGF,, in pregnant-mare uterine washings;
the reduction in PGF, metabolite in the
mare’s circulation (Kindahl et al., 1982; Zavy
et al., 1984); and the ability of the day 12-14
conceptus to suppress the endometrial pro-
duction of PGF,  in vitro (Bazer et al., 1994;
Sissener et al., 1996). The equine conceptus is
unique in having a relatively long period of
mobility (up to 25 days) and it is interesting
that, if movement is restricted by ligation,
then the greater the restriction, the greater
the chance of CL regression (McDowell
et al., 1988).

From day 15 onwards, maternal proges-
terone and fetal oestrogens are the dominant
hormones within the uterus and are very
important in the production and composi-
tion of uterine hystotroph and pregnancy-
specific proteins, collectively termed uterine
milk. The composition of uterine milk in the
mare is very important, as the conceptus
survives in a free-living form for a relatively
long period of time, no form of implantation
occurring in the mare until day 25.

If we consider the hormonal changes indi-
vidually, then we can build up a picture of
how the mare maintains a developing con-
ceptus (see also Squires, 1993e).

6.3.1. Progesterone

Between days 6 and 14 the plasma con-
centration of progesterone is 8-15 ng ml™},
similar to that seen during dioestrus of the
non-pregnant oestrous cycle. Day 15 — deci-
sion time — heralds the divergence of proges-
terone concentrations between the pregnant
and non-pregnant mare. Progesterone levels
in pregnant mares decline slightly after day
16 (but not to the extent seen in non-
pregnant mares), to reach concentrations of
approximately 6 ng ml~! by day 30. Levels
subsequently rise again, to reach 8-10 ng
ml~! by day 45-55, and remain at this level,
or possibly fall slightly, until day 150
(Holtan et al., 1975b; Schwab, 1990). Experi-
ments in the mare indicate that ovarian prog-
esterone, ie. that produced by CL, is
essential for the maintenance of all pregnan-
cies, at least until day 75 and in some cases

up to day 150. After day 150, placental
progesterone is adequate to take over and
maintain a pregnancy. All pregnant mares
ovariectomized (the ovaries and hence the
functional CL removed) before day 75 will
abort. If mares are ovariectomized in the
period days 75-150, differing reports indi-
cate differing abortion rates. After day 150,
ovariectomy has no effect: all mares success-
fully carrying fetuses to full term (Holtan et
al., 1979). This demonstrates that ovarian
progesterone is essential prior to day 75 in all
mares; in the period days 75-150, placental
progesterone gradually takes over and, by
day 150, ovarian progesterone is not
required. Indeed, at this time, the CL on the
ovary can be seen to have regressed.

Ovarian progesterone is not secreted
continuously by a single CL. In the mare, an
increase in ovarian activity is evident
between days 20 and 30 post coitum: follicles
develop, driven by follicle-stimulating
hormone (FSH) surges similar to those seen
during dioestrus (Bergfeldt and Ginther,
1992). Dominant follicles become apparent
and luteinize between days 40 and 60, form-
ing secondary CL (Chavatte et al., 1997a).
These secondary CL are unusual and rela-
tively unique to the mare. During the
period days 40-70, the secondary CL gradu-
ally take over the production of proges-
terone, though the primary CL does not
necessarily regress. From day 70 onwards,
the placenta begins to produce proges-
terone, gradually taking over the function
of all the CL by day 150 (Allen and Hadley,
1974; Evans and Irvine, 1975; Squires and
Ginther, 1975; Squires, 1993a).

6.3.2. Equine chorionic gonadotrophin
(pregnant mare serum gonadotrophin)

As discussed in Chapter 5, day 40 marks the
appearance of endometrial cups. These are
responsible for the secretion of equine chori-
onic gonadotrophin (eCG), also known as
pregnant mare serum gonadotrophin. eCG is
secreted into the mare’s circulatory system
and reaches a maximum concentration
between days 50 and 70 post coitum. It is
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secreted by the fetal tissue within the
endometrial cups and maximum concentra-
tions achieved vary considerably, different
reports giving levels of between 10 and 100
iu ml~1 (Allen and Moor, 1972). Levels are
known to be affected by genotype, maxi-
mum levels reached and the duration of
these levels being greater in mares mated to
close relatives, e.g. brother-to-sister mating
(Stewart et al., 1977; Allen and Stewart, 1993).
The parous state of the mare also has an
effect on eCG levels, multiparous having
lower levels than primiparous mares.
Concentrations always tail off and normally
reach basal levels by day 100-120 (Allen,
1982; Allen and Stewart, 1993).

The importance of eCG and why it is only
secreted for a short period of pregnancy are
unclear. However, several hypotheses sug-
gest its involvement in the prevention of
fetal immunological rejection by the mother.
An immunological response is also impli-
cated in the reduction in eCG secretion. It
appears that the eCG-secreting fetal sides of
the endometrial cups are slowly rejected by
the maternal system and, as a result, eCG
secretion declines until day 100, when all
cups have regressed. This hypothesis of an
immunological rejection of eCG-secreting
fetal cells is supported in work done on
sister-brother matings; the fetus from such a
mating has a relatively similar genetic make-
up to that of its mother. In such pregnancies,
eCG is secreted much longer than is seen in
non-related matings and endometrial cups
regress much later. Presumably, the relatively
similar genetic make-up of the fetus does
not elicit the same rejection response as in
non-related matings.

Linked to this, it has been suggested that
eCG is involved in preventing maternal
rejection of the developing conceptus. The
uterus is a privileged site and is the only
place in the body that, under the influence of
the hormones of pregnancy, will tolerate a
foreign body, the conceptus. The genetic
make-up of the conceptus is only half that of
its mother and therefore is foreign and,
under normal conditions, such an invasion
would set up an immunological response
and the foreign body (the conceptus) would

be rejected. For some reason, this rejection is
prevented in the pregnant mare and all other
mammals that carry fetuses in utero. It
appears that an immunological barrier is set
up between the fetus and its mother, block-
ing the expected immunological response.
eCG may be involved in this prevention of
rejection from day 40 onwards. However, as
it is not secreted prior to day 40, some other
component must be responsible for prevent-
ing rejection during earlier pregnancy, what
this is is unclear (Squires, 1993e; Koets, 1995).

eCG has been reported to be involved in
follicular development in readiness for the
formation of the secondary CL, but recent
evidence refutes this (Koets, 1995). eCG is
now known not to have FSH-like properties
in the mare, though it apparently does in
other farm livestock, where it is used as a
superovulation agent. If it does have a role in
follicle development then this is only via
synergizing with natural FSH pulses. eCG
does appear to have luteinizing hormone-
like properties and is thought to act as a
luteinizing agent in the formation of the
secondary CL, and it may be implicated as
an agent responsible in part for the main-
tenance of the primary CL (Allen, 1975; Nett
et al., 1975; Daels et al., 1991; Allen and
Stewart, 1993; Koets, 1995).

6.3.3. Maternal oestrogens

The plasma concentration of maternal
oestrogens also varies within pregnancy.
Between days 0 and 35, levels remain very
similar to those seen during the non-preg-
nancy dioestrous period, but they then rise
sharply to reach 3-5 ng ml™! by day 40. In
the period days 40-45, they decline slightly
and subsequently remain at this constant
level until day 60-70, after which they
slowly rise again (Darenius et al., 1988; Le
Blanc, 1991; Stabenfeldt et al., 1991).

These rising levels of maternal oestro-
gens between days 35 and 40 are thought to
be secreted by the developing follicles prior
to the formation of the secondary CL, in
much the same way as oestrogens are pro-
duced by developing follicles prior to ovula-
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tion and oestrus in the normal oestrous cycle
(Daels et al., 1991). These rising oestrogens,
however, do not result in oestrous behav-
iour. Evidence for the ovarian origin of
these oestrogens is their absence in preg-
nant mares after ovariectomy prior to day
40 and the delayed decline in concentrations
seen after fetal death not accompanied by
immediate CL regression (Daels et al., 1990,
1991, 1995; Stabenfeldt et al, 1991).
However, the second rise in oestrogen at
day 60-70 is not affected by ovariectomy but
is affected by induced or spontaneous fetal
death (Darenius et al., 1988) and can there-
fore be assumed to originate from the feto-
placental unit. The precursors for such
production originate in the fetal gonads
(Pashan and Allen, 1979a). By day 85,
oestrogens in the mare’s peripheral blood
system are higher than those detected in
non-pregnant mares, and are diagnostic of
pregnancy. The continuing rise in oestrogens
after day 80 is due to increased feto-placental
production of equilin and equilenin, two
oestrogens unique to the pregnant mare
(Raeside et al., 1979).

6.4. Late Pregnancy
As far as the discussion on hormone control

is concerned, late pregnancy can be classified
as day 150 onwards (Fig. 6.2).

QOestrogens
------------ Progesterone
——————— Progestagens

Plasma hormone concentration

6.4.1. Progesterone

Progesterone levels, which, prior to day 150,
were elevated and possibly slowly declining,
remain at a steady 1-3 ng ml™! until day
240-300, after which they steadily decline to
basal levels pre-partum. It has previously
been reported that progesterone concen-
trations increase during the last 30-50 days of
gestation. However, it is now known that this
is not the case, erroneous results arising from
the cross-reactivity in old hormone assays
between progesterone and its metabolites, in
particular 5a-pregnane, which do increase in
the last 30-50 days of gestation (Hamon et al.,
1991; Houghton et al., 1991; Squires, 1993a).
These high concentrations of progesterone
metabolites (progestagens) may themselves
have a role pre-partum. They have a similar
structure to progesterone but are biologically
inactive. As such, high levels of progestagen
cause the reproductive system to perceive
even lower levels of circulating progesterone,
as pregnane molecules attach to the pro-
gesterone receptors (Barnes et al., 1975; Moss
et al., 1979; Holtan et al., 1991).

6.4.2. Oestrogens
Oestrogens within the maternal system con-

tinue to rise in late pregnancy, reaching a
peak, between days 210 and 280, of approxi-
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Fig. 6.2. A summary of the plasma hormone concentrations in the mare during late pregnancy

(day 150—parturition).
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mately 8 ng ml™!, the two main oestrogens
being the equine-specific equilin and equi-
lenin. Oestrogen levels then decline as partu-
rition approaches, reaching levels in the order
of 2 ng ml™! at parturition (Raeside et al.,
1979; Holtan and Silver, 1992; Le Blanc, 1997).

6.4.3. Prostaglandin F,_

During the major part of late pregnancy,
PGF,, remains at low levels, equivalent to
those seen during early pregnancy. However,
near to term, levels do increase slightly, in
the form of short pulses, but significant
elevations in concentration are not detected

until labour has started, when they play a
major role in uterine myometrial contraction
(Barnes et al., 1978).

6.5. Conclusion

It is evident that the control of pregnancy in
the mare follows a similar but not identical
pattern to that seen in other mammals, with
a dominant role played by progesterone
and oestrogen throughout. Additionally
and uniquely to the mare, eCG is produced
and is involved in the formation and mainte-
nance of secondary CL, which are required
to maintain the dominance of progesterone.



7

The Physical Process of Parturition

7.1.
7.2.
7.3.

Introduction
Signs of Imminent Parturition
The Process of Parturition

7.3.1. First stage of labour
7.3.2.  Second stage of labour
7.3.3. Third stage of labour
74. The Hippomane
7.5.  Conclusion

7.1. Introduction

Parturition is the active expulsion of the fetus,
along with its associated fluid and placental
membranes. The average gestation length in
the mare is 320-335 days. It tends to be up to 2
weeks shorter in ponies than in Thorough-
breds and horses of the larger riding type
(Rophia et al., 1969; Rossdale et al., 1984).

There are several signs that indicate that
parturition is approaching. These may become
evident at any time in the last 3 weeks of preg-
nancy. It must be remembered that these signs,
detailed below, should not be used in isolation
and that there is much variation between indi-
viduals and between successive pregnancies.
Therefore, a combination of the following
signs should be looked for when watching for
imminent parturition. It is also useful to have
information on a mare’s previous pregnancies,
as general behavioural patterns may be char-
acteristic to a particular mare.

74
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7.2. Signs of Imminent Parturition

Changes in the appearance of the udder are
one of the first signs of imminent parturi-
tion. During the last month of gestation, as
lactogenesis (milk production) commences,
the udder increases in size as colostrum is
produced and stored (Forsyth et al., 1975;
Peaker et al., 1979). The udder may feel rel-
atively warm to the touch, as a result of the
increased cell metabolic activity associated
with milk production. At this time, the
udder may seem to increase in size at night,
especially if the mare is kept in, and
decrease during the day when she is turned
out and able to exercise, exercise being
associated with increased circulation and
reduction in udder oedema (fluid accumu-
lation). When there is no apparent change
in udder size between day and night, par-
turition is imminent. At this stage, the
udder is so full of milk that exercise no

© CAB International 2003. Equine Reproductive Physiology, Breeding and Stud Management

74

2nd edn (M.C.G. Davies Morel)



Physical Process of Parturition 75

longer affects its size. The extent to which
udder size increases is dependent upon the
size of the mare and her parity (number of
previous foals) (Rossdale and Ricketts,
1980). Figure 7.1 shows the udder of a
Welsh Cob Section D mare 5 days prior to
parturition.

The teats also change, initially becoming
shorter and fatter as the udder fills and the
bases of the teats are stretched. As the time
for parturition approaches, the teats fill as
milk production increases; they elongate
and become tender to touch. Some mares
may even start to lose milk as the produc-
tion by the udder gets too great for its stor-
age capacity and the rosette of Fustenburg
sphincter at the end of the teat is breached.
If a mare does start to lose milk, it is very
important to minimize the loss. The milk at
this stage is in fact colostrum, with a high
concentration of immunoglobulins, and is
responsible for the transfer of passive
immunity to the foal. As there is a finite
amount of colostrum, if a mare is seen to
lose milk or habitually does so, it is a good
idea to milk her out a bit and store the col-
lected colostrum for feeding to the foal
immediately post-partum. Colostrum can be
successfully frozen for more than a year for
use at a later date (Peaker et al., 1979).

Many mares ‘wax up’, a term given to the
clotting of colostrum at the end of the teat
(Fig. 7.2). This is a good sign of imminent
parturition. However, the lack of wax is not
indicative that parturition is not imminent,
as these plugs of colostrum can easily be
dislodged, especially in active mares.

The concentration of several minerals —
sodium, phosphorus (P), calcium (Ca) and
potassium (K) — within the mammary gland
secretions as parturition approaches is also
indicative of the imminence of parturition.
These parameters are advocated for use
when attempting to assess fetal maturity
prior to the artificial induction of parturition
(see Chapter 15; Ousey et al., 1984). In par-
ticular, Ca concentrations can be assessed via
water-hardener strips (Ley et al., 1993). Ca
concentrations in excess of 10 mmol 17! are
reported to be evident immediately prior to
parturition (Ousey et al., 1984; Cash et al.,
1985; Brook, 1987).

Changes in the birth canal also become
apparent as parturition approaches. Approx-
imately 3 weeks prior to parturition, hollow-
ness may appear either side of the tail root as
the muscles and ligaments within the pelvic
area relax. The whole area may appear to
sink with this relaxation and so allow expan-
sion of the birth canal during the passage of

Fig. 7.1. The udder of a Section D mare 5 days prior to parturition.
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Fig. 7.2. One of the signs of imminent parturition is the accumulation of dried colostrum on the teats of
the mare, termed waxing up; dried colostrum may also be seen on the insides of the hind legs.

the foal. If the area either side of the tail root
is felt daily in the last 3-4 weeks of preg-
nancy, it may be possible to detect a change
as the muscle tone relaxes (Fig. 7.3).

Changes in the mare’s abdomen may also
be evident in late pregnancy. As the fetus
increases in size, the abdomen expands cor-
respondingly, becoming characteristically
large and pendulous. However, in the final
stages of pregnancy, the abdomen appears
to shrink as the foal moves up out of the

Fig. 7.3. A further sign of imminent parturition is a
hollowing of the back above the pelvis, as a result
of a relaxation of the birth canal.

lower abdomen and into the birth canal
ready for delivery (Fig. 7.4).

F|g 7.4. One of the obvious S|gns of pregnancy is
a large pendulous abdomen. However, immediately
prior to parturition, the size of the abdomen appears
to shrink as the foal moves up into the birth canal.
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As parturition approaches closer still, the
mare becomes restless and agitated, espe-
cially as she enters first-stage labour. Some
restlessness may also be apparent in late ges-
tation, and naturally, at this stage, the mare
would move away to the periphery of the
herd in readiness to move away completely
for labour itself. As the mare moves into first-
stage labour, her body temperature increases
and she may sweat profusely (Haluska and
Wilkins, 1989). Internally, her cervix will
dilate (Volkmann et al., 1995). During first-
stage labour, she may show signs very simi-
lar to those indicative of colic, e.g. walking in
circles, swishing tail, looking around at her
sides, kicking her abdomen, etc. If a mare
does show signs of colic in late gestation, it is
pertinent to consider that it may in fact be
first-stage labour, and so her eating, drinking
and defecating should be checked.

As discussed, not all mares show all these
symptoms, but a combination of one or two
will give an accurate prediction that foaling is
imminent. Some commercial products have
been produced to aid in the diagnosis. These
make use of some of the mare’s natural sig-
nals, such as the mare’s movements, increase
in body temperature or sweating, stretching
of the vulval lips, etc. (Shaw et al., 1988;
Amann et al., 1989). Once triggered, they nor-
mally produce a signal transmitted to an
audio receiver. Closed-circuit television is
also popular, allowing discrete observation.

7.3. The Process of Parturition

Parturition in most mammals involves three
distinct stages: stage 1, positioning of the foal
and preparation of the internal structures for
delivery; stage 2, the actual birth of the foal;
and stage 3, the expulsion of the allanto-
chorion and amnion (placental membranes).
All three stages involve considerable myome-
trial activity, mainly within the uterus itself,
but with some involvement of the abdominal
muscles (Card and Hillman, 1993).

7.3.1. First stage of labour

Stage 1 involves uterine myometrial con-
tractions and lasts between 1 and 4 h,
positioning the foal ready for birth. Figure
7.5 illustrates the forces involved in this
stage (Ginther, 1993).

The uterine muscles contract in mild
waves from the tip of the uterine horn
towards the cervix. These contractions,
helped by the movement of the mare and,
to a certain extent, by those of the foal,
result in the repositioning of the foal and
its passage into the birth canal, the area of
least resistance (Haluska et al., 1987a,b).
Throughout late pregnancy the foal lies in a
ventral-flexed position (its vertebrae lying
along the line of the mother’s abdomen)
with its forelimbs flexed. As first-stage

Fig. 7.5. The forces involved in the first stage of labour are provided by contractions of the uterine

myometrium, as indicated by the arrows.
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labour approaches and during first stage, it
rotates into a dorsal position, with its fore-
limbs, head and neck fully extended,
becoming engaged in the birth canal
(Fig. 7.6). This movement occurs normally
3—4 h prior to the commencement of labour.
In some cases, a mare may show signs of
first-stage labour and then cool off, only to
show further signs several hours later; this
is particularly evident in Thoroughbred

mares (Jeffcote and Rossdale, 1979;
Rossdale and Ricketts, 1980).
If parturition is to continue, other

changes, in addition to the engaging of the
foal, must occur. The cervix gradually
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dilates. This is encouraged during the later
part of first-stage labour by the pressure of
the allanto-chorionic membrane and the
foal’s forelimbs against the uterine side of
the cervix. During the birth of a dead fetus,
dilatation of the cervix is less complete and
slower, presumably as cervical dilatation is
actively encouraged by the movements of
the foal (Volkmann et al., 1995).

The vulva continues to relax and secre-
tions increasingly collect within the vagina.
The exact mechanism by which parturition
myometrial activity is induced and con-
trolled is unclear (see Chapter 8). However,
active movement of the foal against the

Fig. 7.6. During the first stage of labour the foal is gradually rotated and positioned within the birth canal
in readiness for expulsion during the second-stage contractions.
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cervix and within the birth canal has been
shown to increase prostaglandin F meta-
bolite, and hence, by inference, prostaglandin
F,, (PGF, ) levels. Such an increase in PGF,
is not seen during the birth of a dead foal.
The cervix is high in collagen. The ratio of
collagen to muscle fibres progressively
increases from the uterine horn through the
uterus to the cervix. It is thought that PGF,
affects this collagen, causing it to relax. A
similar effect has been shown in the ewe
(Volkmann et al., 1995). The hormone relaxin
may also have a role (Bryant-Greenwood,
1982).

At the end of first-stage labour, the
fetus’s forelegs and muzzle push their way
through the dilating cervix, taking with
them the allanto-chorion. At the cervix, this
membrane, termed the cervical star, is one
of the three sites devoid of microcotyledons
and therefore there is no attachment to the
maternal endometrium. The other two are
at the entry to each Fallopian tube. The cer-
vical star is the thinnest area of the placenta
and hence it is this area that ruptures as the
pressure of the myometrial contractions
against the placental fluids increases, forc-
ing them and the fetus through the cervix.
The subsequent release of the allantoic
fluid (breaking of the waters) is the signal
for the beginning of the second stage of
labour.

7.3.2. Second stage of labour

The release of allantoic fluid at the start of
stage 2 lubricates the vagina and is thought
to trigger the stronger uterine contractions of
the second stage. These strong contractions
continue until the birth of the foal, normally
within 20 min (acceptable range 5-60 min)
(Rossdale and Ricketts, 1980). At the start of
stage 2, the amniotic sac is often visible
bulging through the vulva (Fig. 7.7), within
which should be felt the foal’s forelegs and
muzzle (Figs 7.8 and 7.9). Second-stage
labour involves stronger contractions of the
uterine myometrium, supplemented by
abdominal-muscle contractions.

Fig. 7.7. The amniotic sac should be seen as a
white membrane protruding from the mare’s vulva
(photograph Steve Rufus).

Fig. 7.8. At the start of second-stage labour, a
brief internal examination may be made to ascer-
tain whether or not the foal is correctly presented
(photograph Steve Rufus).
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Fig. 7.9. If all is well, the mare should be left to
foal unaided and observed from a discreet dis-
tance (photograph Steve Rufus).

The supplementary force provided by the
abdominal muscles is termed voluntary
straining. During voluntary straining, the
mare inspires deeply, holding the rib cage
and diaphragm at maximum inspiration. The
rib cage and abdominal muscles react by
contracting against the pressure; this addi-
tional contraction force is transferred to the
uterine contents, adding extra impetus to the
expulsion of the uterine contents (Fig. 7.10).

At the end of first-stage labour, the foal
lies in a dorsal extended position. The soft
tissue and bones surrounding the birth canal
govern its shape. The pelvis contains the
sides and bottom of the canal and the sacral
and coccygeal vertebrae the top. The dia-
meter of the entry into the birth canal
(20-24 cm) is slightly larger than the exit
diameter (15-20 cm) and slightly more dor-
sal (nearer the mare’s vertebrae) than the
exit. Hence, the foal is funnelled through the
birth canal in a curved manner, being
expelled ventrally (down towards the mare’s
hind legs) (Figs 7.11 and 7.12) (Rossdale and
Ricketts, 1980).

The foal is delivered forelegs first, fol-
lowed by the head lying extended between
the forelegs, parallel with the knees. The
two forelegs are not delivered aligned: nor-
mally one leg is delivered slightly in
advance of the other, the fetlock of one
being in line with the hoof of the other
(Fig.7.13). This misalignment of the
forelegs reduces the cross-section diameter
of the foal’s thorax, which is the widest part
of the foal, so reducing foal trauma at birth
and easing foaling. Once the thorax and
shoulders have passed through the birth
canal, the remainder of the birth process is
relatively easy (Rossdale and Ricketts,
1980). At the end of stage 2, the foal lies
with its head near the mare’s hind legs,
with its own hind limbs still within the
mare (Fig.7.12). The presence of the foal’s

Fig. 7.10. Second-stage labour involves stronger contractions of the uterine myometrium, supplemented
by contractions of the abdominal muscles, as indicated by the arrows.
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Fig. 7.11. The angle of the birth canal dictates that the foal is delivered in a curved manner, being
expelled down towards the mare’s hind legs (photograph Steve Rufus).

Fig. 7.12. The end of the second stage of labour is marked by the foal lying with its hind legs still within

the vulva of its mother (photograph Steve Rufus).

legs within the mare’s vagina has an appar-
ent tranquillizing effect, most mares being
reluctant to rise immediately post stage 2
(Rossdale and Ricketts, 1980).

7.3.3. Third stage of labour

Stage 3 of labour is normally completed
within 3 h of the end of stage 2. Uterine
contractions continue at a level similar to
that evident during stage 1 labour, again
originating at the uterine horns and pass-
ing down in waves to the cervix. At the
same time, the allanto-chorion begins to

shrink, as blood is drawn away from it
towards the foal’s pulmonary system. The
blood vessels constrict and draw the
allanto-chorion away from the uterine
endometrium. This releases the remaining
attachments between the allanto-chorion
and the uterine epithelium and forces the
placenta to be expelled inside out. The pla-
centa is delivered with its red, velvety,
outer allanto-chorion innermost and the
smooth, inner allanto-chorion outermost
(Figs 7.14 and 7.15). The contractions of
third-stage labour also help to expel any
remaining fluids and assist in uterine invo-
lution (recovery).
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AR =S
Fig. 7.13. In order to reduce the diameter of the
foal’s thorax passing through the birth canal, the

foal is delivered with one foot slightly in advance
of the other (photograph Steve Rufus).

e i -

Fig. 7.14. The amniotic sac, the white mem-
brane in the background, and the allanto-
chorion (placenta proper), in the foreground,
after expulsion during the third stage of labour.
As can be seen, the placenta is expelled inside
out, the red, velvety, outer allanto-chorion being
inside and the smooth inner allanto-chorion
being the outermost.

Fig. 7.15. A close-up of the placenta in its inside out
state, illustrating the innermost red allanto-chorion
and the outermost smooth white allanto-chorion.

7.4. The Hippomane

Passed out either during second-stage labour
or along with the placenta during third-stage
labour is a small, brown, leathery structure
termed the hippomane (Fig. 5.32). It is found
within the allantoic fluid and is an accumula-
tion of waste salts and minerals collected
throughout pregnancy. It has a high concen-
tration of calcium, magnesium, nitrogen,
phosphorus and potassium, and is first evi-
dent at around day 85 of pregnancy. It has
been associated with much folklore, including
aphrodisiac properties and responsibility for
keeping the foal’s mouth open. There is, how-
ever, no evidence to support these claims.

7.5. Conclusion

The diagnosis of imminent parturition is
challenging in the mare, which may demon-
strate a range of signs over a period of time.
However, once started, parturition itself
occurs rapidly over a matter of an hour or so
and without problems, requiring minimal
interference from humans.



8

The Endocrine Control of Parturition

8.1. Introduction
8.2. Initiation of Parturition
8.3. Endocrine Concentrations
8.3.1. Oestrogen
8.3.2. Progesterone
8.3.3. Prostaglandin F,
8.3.4. Oxytocin
8.3.5. Cortisol
8.3.6. Prolactin
8.3.7. Relaxin
8.4. Conclusion

8.1. Introduction

Parturition in the mare occurs at approxi-
mately 11 months (310-374 days) after con-
ception. The exact length of gestation,
however, varies with the type of horse.
Ponies tend to foal on average 2 weeks
before Thoroughbred mares, at about 320
days compared with 335 days (Rophia ef al.,
1969; Rossdale et al., 1984).

Within these averages, many factors may
influence the exact timing of parturition,
including environmental, fetal and maternal
factors. Environmental factors include the
season of mating. Mares mated early in the
season tend to have longer gestations than
those mated later on. This is presumably
nature’s way of compensating for early and
late matings, trying to ensure that all mares
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foal down at the optimum time of the year
for foal survival — that is, during spring
(Howell and Rowlins, 1951; Hodge et al.,
1982). Climate (Astudillo et al., 1960), year
of breeding or foaling (Howell and Rowlins,
1951; Rophia et al., 1969) and nutrition are
also reported to have an effect. Lastly, nutri-
tional deprivation in the final trimester is
reported to cause early parturition.

Fetal factors include the genotype of the
offspring. This can be demonstrated by com-
paring the gestation lengths of various
crosses within the equine species. A stallion-
cross-mare fetus has an average gestation of
340 days; for a stallion-cross-jennet fetus, it is
350 days, a jack-cross-mare fetus 355 days,
and a jack-cross-jennet 365 days (Rollins and
Howell, 1951; Ginther, 1992). Breed of foal is
also a reported factor (Jochle, 1957), as is foal
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gender; colt foals have gestations on average
2.5 days longer than filly foals (Rophia et al.,
1969; Hevia et al., 1994; Panchal et al., 1995).
Multiple births also have shorter gestations
than singles (Jeffcote and Whitwell, 1973).

Finally, we come to maternal factors: the
mare herself has some control over the exact
time of delivery. The majority of mares foal
at night and undisturbed (Fig. 8.1; Rossdale
and Short, 1967; Goater et al., 1981; Roberts,
1986¢; Hines et al., 1987). There is evidence
that this is linked to a circadian rhythm
in oxytocin secretion around parturition
(Nathanielsz et al., 1997). In addition, the
mare’s age (Bos and Van der May, 1980),
parity (Britton and Howell, 1943; Panchal et
al., 1995), foaling-to-conception interval
(Britton and Howell, 1943), genotype
(Rophia et al., 1969) and breeding-to-ovula-
tion interval (Ganowiczowa and Ganowicz,
1966) have all been reported to affect gesta-
tion length.

Staff leave

!

8.2. Initiation of Parturition

Birth involves the expulsion of the fetus plus
all associated placental membranes and fluid
and is achieved by myometrial activity within
the uterus and surrounding structures (see
Chapter 7). Myometrial activity is inhibited by
elevated progesterone and depressed oestro-
gen concentrations, characteristics of preg-
nancy in most mammals. At full term, the ratio
of progesterone to oestrogen reverses, remov-
ing any inhibition and allowing myometrial
activity to be driven by elevated prostaglandin
F,, (PGF, ) and oxytocin concentrations, both
of which can be seen to rise at parturition.
Efficient expulsion of the fetus and placental
tissue is dependent upon sequential contrac-
tion of the whole uterine myometrium. There
must, therefore, be immediate activation of
muscle cells and efficient cell-to-cell induction.
This message transfer is affected by circulating
hormone concentrations. Elevated proges-
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Fig. 8.1. The time of foaling in the Thoroughbred mare (from Rossdale and Short, 1967).
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terone concentrations reduce the spread of
muscle-cell excitation and contraction
(Liggins, 1979; Holtan et al., 1991; Rossdale et
al., 1997). The exact mechanism for the initia-
tion of this myometrial contraction of parturi-
tion in the horse or any other Equidae is as yet
unclear. However, in other mammals, two
alternative mechanisms are apparent.

First, as seen in the ewe, nanny-goat, sow
and cow, the fetus itself actively controls the
initiation of its own parturition. Towards the
end of gestation, the fetus comes under con-
siderable stress, due to hypoxia (a shortage
of oxygen), its physical restriction within the
uterus and a shortage of nutrient supply.
These increasing stress levels activate the
fetal hypothalamic-pituitary—adrenal axis,
causing the production of fetal cortico-
steroids. These pass to the placenta and
change the metabolic pathways, so convert-
ing progesterone to oestrogen (Power and
Challis, 1987). As a result, the characteristic
rise in oestrogens and fall in progesterone
near term in these animals is achieved.

The second apparent method by which
parturition is initiated is seen in primates. In
such mammals, the start of parturition is
controlled by a genetically controlled matu-
ration signal linked closely to the time of
gestation. As a result, the fetal adrenals pro-
duce increasing amounts of androgens, the
precursor for placental oestrogens, and no
involvement of the fetal adrenocorticoids is
evident. However, the result is the same:
increasing oestrogen concentrations.

Regardless of the exact initiation of partu-
rition in both hypotheses, the end result is an
increase in the ratio of oestrogen to proges-
terone. Oestrogen is central to the initiation
of the strong contractions of first- and
second-stage labour (Nathanielsz et al., 1997).
The link between increasing oestrogen and
increasing oxytocin production and oxytocin
receptors on the endometrium is well docu-
mented (Fuchs et al, 1983; Wu and
Nathanielsz, 1994). The central role of oxy-
tocin in parturition is increasingly becoming
evident and it is possibly more central than
PGF,, (Nathanielsz et al., 1997). PGF,  pro-
duction by the endometrium is also linked to
increasing oestrogen levels. So, as oestrogen

production by the placenta increases, oxy-
tocin and PGF, concentrations rise. Both
these are major activators of uterine myome-
trial activity. Additionally, there is evidence
of a circadian rhythm in oxytocin production.
This rhythm is inherent but may be modu-
lated by daylight, night-time being associated
with  increased  oxytocin  production
(Nathanielsz et al., 1997), so in part explain-
ing the increased incidence of parturition
during the hours of darkness. The mare her-
self also appears to have some fine control
over the exact timing of oxytocin release.

In summary, once the inhibition of pro-
gesterone is removed, elevated oestrogen lev-
els drive the production of oxytocin and
PGEF,,, which in turn drive the uterine myome-
trial activity associated with contractions.

Though there is no conclusive evidence as
to which mechanism occurs in the mare,
most of the evidence available indicates a
system similar to that seen in the ewe (Silver,
1990; Silver and Fowden, 1994). Prolonged
elevated corticosteroid levels in the later part
of gestation have not been reported in the
equine fetus, though this may be due to
difficulties encountered in catheterizing such
fetuses. However, significantly elevated cor-
ticosteroid levels have been reported in the
equine fetus immediately prior to parturi-
tion, reaching a peak 30—-60 min post-partum
(Silver and Fowden, 1994). It has been
demonstrated that cortisol is essential in
foals for the final maturation of several inter-
nal organs, including the respiratory and
digestive tract. Pashan and Allen (1979a,b)
presented evidence that parturition in the
equine is influenced by fetal stress, via an
interaction between fetal and placental size,
and that fetal constriction may be a trigger.
This hypothesis is further supported by
Rossdale et al. (1992), who demonstrated that
treatment of fetuses in utero with adreno-
corticotrophic hormone (ACTH) resulted in
an increase in corticosteroid production by
the fetal adrenals, which caused premature
parturition, as observed in ewes. Cortisol
levels immediately prior to parturition are
elevated more dramatically but over a
shorter period of time than is evident in the
ewe and cow. The relatively short period of
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elevated cortisol levels apparently reflects
the rapid maturation of the equine fetal
adrenals, which is a necessity for post-
partum survival and which occurs in the last
2-3 days of gestation (Chavatte et al., 1997b;
Le Blanc, 1997; Rossdale et al., 1997).

8.3. Endocrine Concentrations

The hormones involved in parturition will
be considered in turn (Fig. 8.2).

8.3.1. Oestrogen

Oestrogen concentrations in the maternal
blood system fall over the last 30 days of
gestation and, as they originate from the
fetal-placental unit, reach basal levels within
hours of parturition. Concentrations are
approximately 6 ng ml~! at 30 days prior to
parturition and fall to less than 2 ng ml™!
after parturition (Nett ef al., 1973).

8.3.2. Progesterone

Progesterone concentrations decline to basal
levels at parturition, though concentrations of
progesterone metabolites, such as 5a-preg-
nanes, peak at 10-15 ng m1~! 10 days pre-par-
tum (Hamon et al., 1991; Holtan et al., 1991;
Schutzer and Holtan, 1995). These metabo-
lite concentrations reflect an alteration in
placental metabolism towards oestrogen pro-
duction during late pregnancy and parturi-
tion. These progestagens also occupy the
progesterone binding sites within the uterine
endometrium and, as such, their increase in
concentration is perceived by the uterus as a
further decrease in circulating progesterone.
It is likely that it is the ratio of oestrogen to
progesterone, rather than the absolute lev-
els, which is important. Therefore, even
though oestrogen levels decline, it is possible
that their decline is significantly less than that
perceived for progesterone, with, in relative
terms, the ratio of oestrogen to progesterone
increasing, allowing myometrial activity to
commence (Purvis, 1972; Moss et al., 1979;
Rossdale et al., 1991).

8.3.3. Prostaglandin F,_

As discussed previously (Chapter 2),
prostaglandin F, metabolite (PGFM) is
used as an indicator of PGF,, concentra-
tions. From measurements of PGFM, it can
be deduced that PGF,, concentrations rise
sharply in the peripheral plasma of the
mare at term, mainly during the second
stage of labour. Fetal PGF,_ levels, as deter-
mined by catheterization, increase more
gradually over the final weeks (40 days) of
pregnancy (Barnes et al., 1978; Cooper, 1979;
Silver et al, 1979). PGF, may also be
detected in the allantoic fluid near to par-
turition. The major functions of PGF, are to
induce cervical dilatation and as a strong
inducer of uterine myometrial activity.
PGF,  is primarily associated with first- and
second-stage labour.

8.3.4. Oxytocin

The actions of PGF, and oxytocin are
closely linked and they tend to show the
same pattern of release. Oxytocin concen-
trations in the maternal system rise sharply
at parturition, especially during the second
stage. The central role of oxytocin is
increasingly becoming evident and, like
PGF,,, its primary role is in the induction
of strong myometrial contractions, in par-
ticular those of second-stage labour, when
it works in concert with PGF,_ (Fuchs et al.,
1983; Haluska and Currie, 1988). Oxytocin
is also involved in the myometrial contrac-
tions of the third stage of labour (Hillman
and Ganjam, 1979), unlike PGF, , which
is primarily involved in the first and sec-
ond stages. The reported circadian rhythm
of oxytocin release has been discussed
previously.

8.3.5. Cortisol

Cortisol concentrations do not change sig-
nificantly in the maternal system during
pregnancy, though they rise, due to stress,
at parturition. Changes within the fetal sys-
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tem occur in late pregnancy, with a
sudden rise in cortisol evident just prior
to parturition (Nathanielsz et al., 1975;
Liggins et al., 1979). As previously dis-
cussed, this increase is shorter and sharper
than the gradual increase observed in the
sheep and goat and is known to be associ-
ated with the maturation of the fetal
adrenal cortex and its ability to react to cir-
culating ACTH (Silver and Fowden, 1994;
Nathanielsz et al., 1997). It may well also be
involved in final organ maturation - for
example, the respiratory system — in the
equine fetus (Rossdale et al., 1973; Alm et
al., 1975).

8.3.6. Prolactin

Prolactin concentrations are reported to
increase in the last 7-10 days. It is not appar-
ent that prolactin has a direct role in parturi-
tion, but its increase at this time may indicate
a role in equine lactation, as seen in other
mammals (Forsyth et al., 1975; Worthy et al.,
1986; Nett, 1993b).

—— Oestrogen
—-—-— Progesterone

ma hormone concentration

Plas

-------- Fetal cortisol
~=-—— Oxytocin

8.3.7. Relaxin

Plasma concentrations of relaxin are reported
to be elevated in late pregnancy /parturition,
its production site being the placenta. In late
pregnancy, it is thought to maintain the qui-
escent nature of the uterine myometrium,
but, during parturition, it is overcome by the
activation of oxytocin and PGF, . Relaxin
may also have a role in the relaxation
and softening of the pelvic ligaments and
cervix as parturition approaches (Bryant-
Greenwood, 1982).

8.4. Conclusion

It is evident that the mechanism for the initi-
ation of parturition in the mare is unclear,
but seems probably to be due, at least in
part, to fetal stress. Confirmation of this
hypothesis is largely hampered by the limi-
tation of experimental techniques to date.
Clarification of the hormonal control of
equine parturition would enable more accu-
rate diagnosis of imminent parturition and
artificial induction of parturition.

_____ PGF,,
“““““ Maternal cortisol

300

Fig. 8.2. A summary of the main changes in hormone concentration evident prior to parturition. PGF

prostaglandin F, .

340

Birth

20’
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9.1. Introduction

The mammary glands of the mare, in com-
mon with all mammals, are modified apoc-
rine sweat glands, both developing in utero
from a common precursor. They are situ-
ated along the ventral midline in all mam-
mals in a varying number of pairs. The
mare normally has four glands — two pairs.
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In most mammals, each gland exits via its
own teat; however, in the mare each pair of
glands on either side of the midline exits via
a single teat. The anatomy and physiology
of lactation specific to the equine have not
been widely studied. Other reviews on the
subject include Jacobson and McGillard
(1984), Mepham (1987), Kainer (1993) and
McCue (1993).
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9.2. Anatomy

The mammary glands of the mare are situ-
ated in the inguinal region between the
hind legs, covered and protected by skin
and hair, except for the teats, which are
devoid of hair. The whole of the skin sur-
face is supplied with nerve endings, the
concentrations of which are increased in the
teat area, enhancing the response to touch.
The mare normally has four glands, two
larger cranial ones and two smaller caudal
ones, though six glands have been reported
in the occasional mare. Each of the four
mammary glands is completely indepen-
dent, with no passage of milk from one
quarter to another. They are separated by
and contained within a fibroelastic capsule
and supported by the medial suspensory
ligament, running along the mare’s midline.
Further support is provided by the lateral
suspensory ligaments, running over the sur-
face of the mammary gland itself under the
skin, and by laminae, developing off the
suspensory ligament and penetrating the
mammary tissue in sheets (Fig. 9.1; Sisson,
1975; Kainer, 1993).

medial suspensory
ligament

Each udder half, either side of the mid-
line, is made up of two quarters and the
openings from these two quarters exteriorize
via a single teat (Fig. 9.2).

The mammary tissue itself is made up of
millions of alveoli and connecting ducts. This
arrangement can be compared to a bunch of
grapes, each alveolus being equated to a
grape and the ducts to the branches (Fig. 9.3).

The alveoli are grouped together in lob-
ules and then the lobules into lobes. These
lobes join together via a branching duct sys-
tem, which eventually leads to the gland cis-
tern. Each quarter has its own gland cistern
draining into a teat cistern and on to the
streak canal, one from each quarter on that
side. At the end of each teat is the rosette of
Fustenburg, a tight sphincter that prevents
the leakage of milk between sucklings. This
sphincter can withstand a considerable
build-up of milk pressure, though occasion-
ally it may be breached, as in the case of
mares that lose milk during late pregnancy
(Kainer, 1993).

The alveoli, which are the milk-secreting
structures, are lined by a single layer of lac-
tating epithelial cells, surrounding a central

laminae

lateral suspensory
ligament

intermammary groove

teats

Fig. 9.1. A caudal (rear) view of the mare’s udder, illustrating the suspensory apparatus of the mammary

gland.



90 Chapter 9

mammary

supramammary
lymph node

parenchyma
(lobule and alveolar tissue)

mammary (external pudendal) artery
mammary (external pudendal) vein

subcutaneous
abdominal
(milk) vein

gland cistern

teat cistern

rosette of Furstenberg

77— streak canal

Fig. 9.2. A cross-section through the mammary gland of the mare, illustrating the exit of two quarters via

a single teat.
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lobule
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alveolus

interlobular duct

interlobar duct

Fig. 9.3. Asingle lobe of the mammary gland made up of several lobules, which, in turn, are made up of

numerous alveoli.

cavity or lumen. This alveolar lumen is con-
tinuous with the mammary duct system.
Milk is secreted by the lactating cells into
the alveolar lumen across the luminal or
apical membrane. Surrounding each alveo-
lus is a basket network of myoepithelial

cells. These muscle cells also surround the
smaller ducts, and their contraction is acti-
vated as part of the milk ejection reflex.
Surrounding these myoepithelial cells is a
capillary network supplying the alveoli
with milk precursors and providing hor-
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monal control; there are also a series of
lymph vessels. In addition, the alveoli have
a nerve supply, which is responsible for the
activation of the myoepithelial basket cells
and also vasodilatation and constriction of
the capillary supply network (Fig.9.4;
Mepham, 1987).

The mammary gland as a whole is sup-
plied with blood via two mammary or
external pudendal arteries, one on each side
of the midline and entering the caudal end
of the gland. Venous return from the mam-
mary gland is via the venous plexus at the
base of the gland and then on to the superfi-
cial vein of the thoracic wall (the subcuta-
neous abdominal milk vein) or via the
external pudendal vein. Both the external
pudendal artery and vein enter and leave
the body in the inguinal region. The subcu-
taneous abdominal vein, which runs along
the belly of the mare, can be seen more
clearly in lactating mares and is hence
sometimes referred to as the milk vein. The
mammary gland also has two supramam-
mary lymph nodes, one either side of the
midline, at the base of the udder, and con-
necting the main circulatory lymph system
to that of the mammary gland itself (Saar
and Getty, 1975).

alveolar lumen

lactating cell

9.3. Mammogenesis

Mammogenesis, or mammary development,
is first evident in the embryo. Glands
develop along either side of the midline in
the inguinal region. Cells in this region pro-
liferate to form nodules, which develop to
form mammary buds, evident from day 50 of
gestation. At birth, teats are present, along
with a few short branching ducts within the
connective tissue associated with each teat.

From birth to puberty, mammary-gland
growth is isometric with (at the same rate as)
body growth. Most of this prepubertal
growth is an increase in fat and connective
tissue, rather than duct development. Puberty
marks a change, as mammary development
becomes allometric, or increases relative to
body growth. Beyond puberty, mammary
growth increases and decreases with the
oestrous cycle. The amount of mammary
development within these cycles depends on
the length of the dioestrous phase of the
oestrous cycle, as elevated progesterone
levels are responsible for mammary lobular—
alveolar development. In the mare, the
duration of dioestrus is relatively long and
hence during dioestrus some lobulo-alveolar
development does take place.

vein

blood capillaries

artery

myoepithelial basket cells

Fig. 9.4. The mammalian alveolus. On the left, a cross-sectional view illustrating the lactating cells
surrounding the alveolar lumen, which is continuous with the mammary duct system. On the right, an
alveolus illustrating the myoepithelial basket cells and alveolar blood supply.
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During pregnancy, elevated progesterone
levels again cause significant lobular-alveolar
development, especially in the last trimester.
In the last 2-4 weeks of pregnancy, lacto-
genesis (milk production) also predominates
(Leadon et al., 1984; Ousey et al., 1984;
Mepham, 1987). During lactation, mammo-
genesis continues, as cell division increases
in line with milk production to satisfy the
increasing demands of the foal. Cell division
then decreases after the maximum yield
has been reached. At the same time, the size
of the mammary gland slowly decreases
until it returns to its normal non-lactating
size postweaning (Fig. 9.5).

9.4. Lactation Curve and Milk Quality

There has been significantly less research
conducted on the lactation of the mare com-
pared with other livestock, especially the
cow. Except in a very few cultures, mare’s
milk is of indirect rather than direct commer-
cial importance, its value being assessed via
the standard of foal reared, rather than
directly by milk yield. As such, it is often not

given the attention it warrants. The follow-
ing discussion will concentrate on conclu-
sions drawn either directly from experiments
using mares or extrapolated from other
species studied.

9.4.1. Lactation curve

There is much variation in the lactation
curve demonstrated by different individuals,
largely due to human interference and early
weaning. As a general trend, milk yields in
mares tend to increase during the first 2-3
months post-partum. Initial levels in the first
2 weeks are of the order of 4-8 1 day~! for
Thoroughbreds and 2-4 1 day™! for ponies
(Fig. 9.6). Milk production reflects demand,
which in turn reflects the size of the foal;
production therefore continues to rise as the
foal grows until 2-3 months post-partum,
when maximum levels of 10-181 day~! in
Thoroughbreds and 8-121 day™! in ponies
are reached (Tyznik, 1972; Oftedal et al., 1983;
McCue, 1993). After 3 months, the foal’s
demand for nourishment from its mother
decreases, as it starts to increasingly investi-

Mammary gland size

Puberty Conception Birth  Weaning

Isometric growth Allometric growth| Pregnancy |Lactation
Drying
off

Age (months)

Fig. 9.5. Equine mammary development from birth to 54 weeks, including development during a mare’s

first pregnancy.
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gate grass or hay and its mother’s hard feed.
As the weaning process progresses towards
full weaning, the lactational yield drops off
further with decreasing demand (Jacobson
and McGillard, 1984; Doreau and Boulet,
1989; Smolders et al., 1990). As will be dis-
cussed later, milk quality also declines at this
time, further encouraging the foal to seek
nourishment elsewhere and hasten the
weaning process.

Lactation naturally lasts nearly a full year,
the mare drying up completely a few weeks
before she is due to deliver the following
year. However, in today’s managed systems,
humans normally dictate the length of lacta-
tion by weaning foals at about 6 months, at
which time milk yield is less than that imme-
diately post-partum. At this stage the foal is
obtaining little of its nourishment from its
mother, deriving most from roughage and
concentrate feeds. Weaning at 6 months,
therefore, has little long-term effect on the
foal’s development (Fig. 9.6).

The total milk yield of a Thoroughbred
or one of the larger riding-type horses is
2000-3000 kg of milk per lactation. As a
rough guide, in these larger horses, the nat-
ural daily milk yield averaged out over the

whole lactation is 2-3 kg 100 kg~! body
weight. The corresponding equation for
ponies is 5 kg 100 kg~! body weight (Oftedal
et al., 1983). The foal normally suckles up to
100 times day ! during the first week, reduc-
ing to 35 times day ! by week 10. Initial
suckling ensures an intake of little but often;
however, with age, the frequency of suckling
declines and the intake per suckle increases
up to 250 g or so at each suckling for larger
riding-type horses (Frape, 1998). The number
of suckles per day and the amount of milk
taken per suckle reduce from peak lactation
towards weaning.

9.4.2. Milk quality and composition

The composition of milk reflects the
requirement of the young of that particular
species and provides the energy and precur-
sors needed for growth throughout lacta-
tion. In the case of some mammals,
including the foal, milk additionally pro-
vides immunoglobulins during the initial
stages of lactation (Table 9.1; Ullrey et al.,
1966; Peaker et al., 1979; Mepham, 1987;
Smolders et al., 1990).

A — Human’s customary weaning
B — Natural weaning
—— Artificial lactation curve
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Fig. 9.6. The average lactation curve for a mare, illustrating the natural extent of lactation, along with

that customarily imposed by humans.
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Table 9.1. Comparative milk compositions of several species, expressed as percentages (from Jennes

and Sloane, 1970).

Total Casein Whey
Species solids Fat protein protein Lactose
Human 12.4 3.8 0.4 0.6 7.0
Cow 12.7 3.7 2.8 0.6 4.8
Goat 13.2 4.5 25 0.4 41
Sheep 19.3 7.4 4.6 0.9 4.8
Horse 1.2 1.9 1.3 1.2 6.2

9.4.2.1. Colostrum

Colostrum, the first milk, contains a relatively
high concentration of proteins, immunoglob-
ulins. Protein concentration in colostrum is of
the order of 13.5%, compared with 2.7% in the
main lactational milk. The main protein
immunoglobulin in mare’s colostrum is
immunoglobulin G (IgG) (8911 mg dI™'); IgA
(957 mg dl™!) and IgM (122 mg d1™!) are of
less importance (Kohn et al., 1989; McCue,
1993). This high protein concentration is at the
expense of fats, which are present in relatively
low concentrations. However, within 12-24 h,

protein levels fall dramatically and fat levels
rise. The relative concentrations within milk
now stabilize, though both protein and lipid
concentrations tend to decline gradually over
time. Lactose remains largely unchanged
throughout the remainder of lactation
(Fig. 9.7; Table 9.2; Ullrey et al., 1966; Forsyth
et al., 1975; Gibbs et al., 1982; Smolders et al.,
1990). The digestive system of the foal is ‘per-
meable’ to the complete protein molecules,
such as immunoglobulins, for the first 24 h of
life. This ‘permeability’ is due to enterocytes
within the wall of the small intestine, which
absorb whole proteins via pinocytosis. After
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Fig. 9.7. Changes in the concentrations of lactose, lipids and crude protein in milk during lactation (from

Ullrey et al., 1966).
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Table 9.2. The average composition of the milk during the main
part of lactation in the mare (data from Ullrey et al., 1966;
Oftedal et al., 1983; Schryver et al., 1986; Saastamoinen et al.,
1990; Martin et al., 1991; Frape, 1998).

Component %
Water (%) 89.0
Protein (g kg™") 16-20
Lactose (g kg™") 61-69
Fat (g kg™") 11-13
Ash (minerals, vitamins, etc.) (g kg~") 0.6-3
Calcium (g kg™") 0.6-0.8
Phosphorus (g kg~) 0.2-0.4
Magnesium (mg kg~"') 65-90
Potassium (mg kg~") 300-500
Sodium (mg kg~ ") 160-200
Copper (ng kg~") 200-450
Zinc (ng kg~ ) 800-25,000

24 h, this ability to absorb large protein mole-
cules is irreversibly lost, as the enterocytes are
replaced (McCue, 1993). It is essential, there-
fore, that a newborn foal receives its
colostrum well within 24 h of birth, as after
this time it cannot take advantage of the
immunoglobulins carried by colostrum and
they will be broken down by proteolytic
enzymes within the intestine into their com-
ponent amino acids and absorbed as such.

The average composition of milk during
the main part of lactation in the mare is
given in Table 9.2.

9.4.2.2. Fat

The concentration of fats or lipids in mare’s
milk is reported to be relatively low when
compared with that of other species.
However, there is some suggestion that this
may be due to sampling error, as the highest
concentration of fat is evident in the last milk
milked out, which is not easily obtained. Fat
is present in milk in the form of globules of
saturated fat, cholesterol and unsaturated
fats, as free fatty acids, phospholipids and
triglycerides. The 8% concentration of triglyc-
erides as a proportion of total fats is much
lower than the 79% in cows. These fat glob-
ules exist as an emulsion within the milk and
contain a high concentration of short-chain
fatty acids, fewer than 16 carbons in length.

9.4.2.3. Proteins

Proteins during the main lactation are pre-
sent in the form of 1.3% caseins and 1.2%
whey. Caseins are unique to milk and have
several functions. Under the influence of the
stomach’s acid pH, they form a clot with the
enzyme rennin. This clot facilitates the diges-
tion of proteins by the proteolytic enzymes
of the digestive system. Caseins also contain
essential amino acids and aid in the trans-
port of minerals from the mare to the foal via
milk. Caseins associate with calcium (Ca),
phosphate and magnesium (Mg) ions to
form micelles, thus allowing a higher con-
centration of these minerals to be trans-
ported in milk than would be possible in a
simple aqueous solution.

Two types of whey proteins are found in
mare’s milk and, unlike caseins, do not pre-
cipitate in acid pH. The whey proteins are
divided into those that are specific to milk
and those that can be found in both milk and
blood. Those specific to milk can be further
subdivided into B-lactoglobulin (28-60% of
whey proteins) and a-lactalbumin (26-50%
of whey proteins) (Gibbs et al, 1982).
a-Lactalbumin is a good source of amino
acids and is rich in essential amino acids,
such as tryptophan. It is also the B compo-
nent, which, along with the A component,
makes up the two halves of the enzyme lac-
tase synthetase. Lactase synthetase is the
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terminal enzyme in the synthesis of lactose,
the major sugar component of mare’s milk.
The second type of whey proteins found in
mare’s milk constitutes ones also found in
blood: serum albumin (2-15% of whey pro-
teins) and serum globulin (11-21% of whey
proteins) (Gibbs et al., 1982). Serum albumin
is identical to blood serum albumin and is
directly transferred unchanged from the
blood through the lactating cell to the alveo-
lar lumen. It is, therefore, only found in
small concentrations, unless there has been
cellular damage or haemorrhage within the
mammary tissue. Serum globulin, on the
other hand, is the immunological fraction of
milk and therefore its concentration is very
high in colostrum. Antibodies attach them-
selves to these globulins and it is via these
that the foal attains its passive immunity.

9.4.2.4. Lactose

Lactose is the energy component of mare’s
milk (6.1%). Unique to mammals, each
lactose molecule consists of a molecule of
galactose and one of glucose. In the intestine
of the foal, lactose is split into its two com-
ponent parts, galactose then being easily
converted into glucose. Lactose is therefore,
in essence, two molecules of glucose. The
question then arises as to why lactose, not
glucose, is present in milk, especially as there
is an energy cost in converting glucose to lac-
tose and vice versa. The answer lies in the
effect of glucose on the osmotic pressure of
milk relative to blood. The osmotic pressure
of the two must be the same, and the com-
ponent of milk that has the largest effect
on osmotic pressure is the small molecule of
lactose. However, if glucose were present, it
would have an even greater effect on the
difference in osmotic pressure. Additionally,
one molecule of lactose gives rise to two
molecules of glucose; that is, one molecule of
lactose has twice the calorific value per mole-
cule compared with glucose, and hence also
per unit of osmotic pressure. It has also been
suggested that lactose provides a more bene-
ficial medium for intestinal activity, regulates
bacterial flora and stabilizes pH, so aiding
the absorption of minerals (Mepham, 1987;
Smolders et al., 1990; McCue, 1993).

9.4.2.5. Minerals

Mineral concentrations also vary with the
stage of lactation. Potassium (K) and sodium
(Na) concentrations in colostrum tend to be
high, at 1200 mg kg! and 500 mg kg,
respectively, dropping to 600 mg kg~ and 200
mg kg! within 5 weeks. Ca tends to be
slightly raised in colostrum, but then falls
away slightly within hours only to rise again
to a peak of 1200 mg kg~! at 3 weeks post-
partum. Mg levels are also elevated, at 500
mg kgfl, in colostrum but fall off rapidly in
the first 12 h and then continue to decline
slowly throughout the rest of lactation.
Phosphorus (P) remains relatively steady, at
400-500 mg kg™, for the first 8 weeks of lac-
tation and then concentration declines (Figs
9.8 and 9.9; Ullrey et al., 1966; Oftedal et al.,
1983; Schryver et al., 1986; Saastamoinen et al.,
1990; Martin et al., 1991).

It is evident that there is a trend for the
concentration of all the nutrient components
of milk to decline as lactation proceeds. This
is nature’s way of encouraging the foal to
obtain its nourishment elsewhere (Smolders
et al., 1990).

9.5. Milk Synthesis

Milk is synthesized in the epithelial or lactat-
ing cells lining each alveolus. The precursors
of and components for milk are obtained
from the blood system supplying the udder.
These components cross the basal membrane
into the lactating cells. There is little informa-
tion on how they pass across this membrane,
but, as the molecules are small, it seems
likely that it is by diffusion. The protein, fat
and lactose components of milk are then
built up within the lactating cells and pass
across the cell membrane to the lumen of the
alveolus (Mepham, 1987). Each of the major
components of milk is discussed below.

9.5.1. Proteins
Proteins are built up from amino acids

within the lactating cells. The total amount
of nitrogen that crosses the basal membrane
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is equal to that within milk; however, there is
a change in amino acids. Non-essential
amino acids are synthesized within the cell
and are built up into proteins along the
mRNA within the ribosomes of the rough
endoplasmic reticulum (RER). These pro-
teins are then secreted into milk. Essential
amino acids are passed unchanged across
the basal membrane of the lactating cell and
are incorporated into proteins, along with
the non-essential amino acids synthesized
within the cell.

9.5.2. Lactose

Blood glucose is the primary precursor of
lactose. However, glycerol, acetate and
amino acids are also thought to contribute.
The amount of glucose absorbed by the
gland is much more than is needed solely for
conversion to lactose. The difference is used
as energy for general cell metabolism. The
conversion of glucose to lactose involves five
enzymes, the fifth enzyme being lactose syn-
thetase, which is made up of two compo-
nents, A and B. As discussed previously,
component B is the major milk protein,
a-lactalbumin. The biochemical pathways
involved in the conversion of glucose to
lactose are summarized in Fig. 9.10.

Glucose > <

UDP galactose

Lactose «———> UDP
ATP
UDP glucose

ADP

ATP —— >

Glucose-6-phosphate ——> Glucose-1-phosphate

Fig. 9.10. A summary of the conversion of glu-
cose to lactose within the lactating cell. UDP, uri-
dine diphosphate; ATP, adenosine triphosphate;
ADP, adenosine diphosphate.

9.5.3. Fat

The fat globules within milk are made up
of esterified glycerol and free fatty acids,
which aggregate to form a fat-droplet
emulsion within milk. There is much varia-
tion in the length of free fatty acids making
up the fat globules in the milk from
females of varying species. The horse tends
to have a higher concentration of short-
chain fatty acids (fewer than 16 carbon (C)
atoms in length).

Fatty acids are derived mainly from
three sources: glucose; triglycerides; and
free fatty acids. Glucose C is a significant
precursor of free fatty acids in the non-
ruminant — for example, the horse. Glucose
is absorbed across the basal membrane and
converted to acetyl coenzyme A (CoA) and
on to malonyl CoA within the cytosol of the
cell. Malonyl CoA is then built up, using a
multienzyme complex, to free fatty acids,
which tend to be short-chain (<16C).
Blood triglycerides provide an alternative
source of free fatty acids for the lactating
cell; these are broken down into glycerol
plus free fatty acids within the cell. The free
fatty acids obtained from triglycerides are
longer-chain fatty acids, typically 16-18 C
in length. Triglycerides, therefore, are not a
very important source of fatty acids in the
mare. The triglycerides are either broken
down into amino acids and glycerol in the
blood, similarly to the way that proteins are
broken down into amino acids, and then
absorbed into the cell, or they are absorbed
directly.

Glycerol that combines with the free
fatty acids is derived again by three differ-
ent methods: from the breakdown of
triglycerides within the cell; by the absorp-
tion of free glycerol in the blood; or, finally,
from the breakdown of glucose within the
cell.

The free fatty acids and glycerol within
the cell combine by esterification within the
endoplasmic reticulum. These molecules
then aggregate together to form the fat
droplets within milk.
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9.6. Milk Secretion

All the components of milk produced by the
lactating cells have to pass across the apical
membrane of the lactating cell into the alveo-
lar lumen (Fig.9.11). The different compo-
nents of milk pass by different mechanisms.

9.6.1. Fat

The fat-droplet size increases as the free
fatty acids and glycerol continue to combine
by esterification and the resulting molecules
aggregate into increasingly larger droplets
as they migrate towards the apical mem-
brane. In the vicinity of this membrane,
strong London—van der Waals forces attract
these fat droplets and envelop them in the
membrane, forming a bulge in the apical
membrane  surrounding the  droplet
(Fig. 9.12).

The droplet and surrounding plasma-
lemma move away from the apical mem-
brane into the lumen, forming a narrow
bridge. This bulge then pinches off as the
bridge gets narrower and releases the fat
droplet plus surrounding plasmalemma into

BLOOD

BASAL
MEMBRANE

LACTATING
CELL

the alveolar lumen. The process is termed
pinocytosis. Occasionally, part of the cell
cytoplasm, sometimes including cell
organelles, is enclosed in the bulge of the
apical membrane along with the fat droplets,
and then gets secreted into the alveolar
lumen along with the milk fat. The formation
of these structures, termed signets, occurs
more in the lower order of mammals, but
they are occasionally evident in mare’s
milk (Mepham, 1987).

9.6.2. Protein

Proteins are built up from their constituent
amino acids along the RER within the cell
and then pass on to the Golgi apparatus.
They accumulate as granules of proteins
within the Golgi; this Golgi apparatus then
migrates towards the apical membrane. The
membrane of the Golgi apparatus fuses with
the apical membrane and this releases the
proteins into the alveolar lumen by reverse
pinocytosis  (Fig.9.13). By this reverse
pinocytosis, plasmalemma lost during the
secretion of milk fat is replaced during the
secretion of milk proteins.

ALVEOLAR
LUMEN

APICAL
MEMBRANE

Fig. 9.11. The route of passage for all milk components from the mare’s blood supply on the left through

the lactating cell to the lumen of the alveolus.
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Fig. 9.12. The secretion of milk fat from the lactating cell (below) into the alveolar lumen (above) by

pinocytosis.
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Fig. 9.13. The secretion of milk protein from the lactating cell (below) into the alveolar lumen (above) by

reverse pinocytosis.

9.6.3. Lactose

The secretion of molecules of lactose, unlike
that of milk fat and protein, is not visible
using electron microscopy, and so the method
of secretion is less clear. As discussed previ-
ously, one of the mare’s milk proteins is a-lac-
talbumin, and this protein is the B component
of the fifth and last enzyme involved in lac-
tose synthesis. It therefore seems likely that
lactose secretion is closely linked to that of
milk protein. The A protein of the enzyme
lactase synthetase is known to be closely

fat droplets (signets)

protein
cell fragment

pinocytosic
vesicles

cell junction

-

endoplasmic =
reticulum

associated with the membrane of the Golgi
apparatus. The B component (a-lactalbumin)
is synthesized, as are all other milk proteins,
on the RER and then passed on to the Golgi
apparatus. While the B component is in the
Golgi apparatus, it becomes associated with
the A component already there, and together
they form active lactase synthetase. This
enzyme catalyses the conversion of uridine
diphosphate galactose and glucose to lactose.
The lactose is then presumed to be secreted
along with the milk proteins by reverse
pinocytosis (Figs 9.13 and 9.14).

alveolar lumen

pinocytosic
vesicles

=——— microvilli

lactating cell

basement
membrane

myoepithelial basket cells

Fig. 9.14. Diagrammatic representation of a mammary secretory cell illustrating the build-up of protein

and fat for release into the alveolus.
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9.6.4. Minerals

Milk has a relatively high concentration of K
when compared with Na, and this is similar
to the relative concentrations within the
cytoplasm of the cell. Na and K in milk are
derived from the intercellular fluid. The
components within the lactating cell are
derived from the blood system but the K:Na
ratio in blood is the reverse of that within the
cell and milk. Therefore, there must be an
active transfer system across the basal mem-
brane. This is via a Na pump, which pumps
Na away from the cell cytoplasm and into
the blood system and pumps K the opposite
way towards the cell. This maintains the
high K:Na ratio within the cell. As the K:Na
ratio in the milk is the same as that in the
cell, then Na and K are presumed to pass
across the apical membrane to the alveolar
lumen by simple diffusion (Mepham, 1987).

The concentrations of Ca, Mg and P are
higher in milk than in the cell cytoplasm.
Therefore, their passage must be via an active
transport system. The exact mechanism is
unclear but all three ions are known to be
closely associated with the milk protein
casein. It is therefore assumed that this associ-
ation occurs within the Golgi, where the
casein proteins are synthesized. These ions
are then passed into the milk, along with pro-
teins, via reverse pinocytosis (Mepham, 1987).

Iron is also secreted in association with
proteins by reverse pinocytosis, as it is
specifically bound to a minor milk protein,
lactoferrin (Mepham, 1987).

9.6.5. Water

Water passes to the alveolar lumen from the
cell cytoplasm by osmotic pressure. Fat and

protein molecules in milk are in the form of
large droplets, and so their effect on osmotic
pressure is minimal. However, lactose and
free ions are much smaller and it is these that
affect osmotic pressure and hence drive
water diffusion from the cell into milk
(Mepham, 1987).

9.6.6. Immunoglobulins

Colostrum, as discussed previously, has a
high concentration of proteins; these pro-
teins are immunoglobulins and their asso-
ciated antibodies. These immunoglobulins
are combined into large corpuscles,
termed bodies of Donné. The mechanism
by which these are secreted is unclear. It is
possible that engorgement of the lactating
cell in late pregnancy results in the break-
age of some of the junctions within the cell
membranes, especially the basal cell mem-
branes of the lactating cells. This allows
the serum proteins to pass into milk
unchanged. There is also evidence sug-
gesting an active transport system for
these serum proteins, but the exact mecha-
nism is as yet unclear.

9.7. Conclusion

Our present knowledge specifically regard-
ing equine lactation is still limited, how-
ever, by extrapolation from other species, a
reasonable understanding can be achieved.
Caution must be practised, however, in
making definitive statements until these
assumptions and extrapolations have been
confirmed or refuted when more detailed
research, specifically on equine lactation, is
conducted.
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10.1. Introduction

The control of lactation in most mammals,
including the mare, is via both nervous and
hormonal pathways. Unfortunately, informa-
tion specific to the mare is very limited,
though it is assumed that the control of lacta-
tion is very similar to that evident in other
mammals. The information discussed in
this chapter is gleaned from the limited
experiments carried out on horses and
extrapolation from other mammals where
appropriate.

Lactation may be divided into three
stages as far as its control is concerned: lacto-
genesis; galactopoiesis; and milk ejection.

10.2. Lactogenesis

Lactogenesis refers to the initial milk secre-
tion that occurs in late pregnancy prior to
parturition, resulting in a build-up of
colostrum within the mammary glands. In
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the mare, lactogenesis is evident well before
parturition occurs, as demonstrated by the
presence of lactose, proteins and fat within
the mammary secretions (Peaker et al., 1979).

Control of lactogenesis is hormonal. High
progesterone concentrations characteristic of
pregnancy drive lobular-alveolar develop-
ment, but inhibit milk secretion. Hence, with
the decline of progesterone in late preg-
nancy inhibition of milk production is
removed (Mepham, 1987). In addition, ele-
vated prolactin, growth hormone and corti-
sol actively drive milk production. It
appears that in the mare prolactin may play
a significant role, as concentrations are
observed to increase in the last 2 weeks of
pregnancy (Neuschaefer et al, 1991).
Lactogenesis therefore increases in late preg-
nancy and reaches a maximum immediately
prior to parturition (Forsyth et al, 1975;
Peaker et al., 1979; Worthy et al., 1986).

In other mammals — for example rumi-
nants and humans - a placental lactogen
has been identified and found to have an
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additional effect on lactogenesis. No such
placental lactogen has been identified in
equines (McCue, 1993).

10.3. Galactopoiesis

Galactopoiesis is the term given to the main-
tenance of milk production. Again, little
information specific to the horse is available.
However, it is assumed that control is similar
to that in the sheep and the cow, where it is
under the control of prolactin, growth hor-
mone and cortisol, increasing concentrations
of which act to drive galactopoiesis
(Neuschaefer et al., 1991). Galactopoiesis is
driven by, and mimics, the foal’s demand for
milk, and this, in turn, dictates and governs
the shape of the lactation curve and the
quantity of milk produced.

10.4. Milk Ejection

Milk ejection, also termed milk let-down,
differs from the other stages of lactation in
that its control is both neural and hormonal.
A nervous reflex acts as the stimulus or
afferent pathway and hormones form the
efferent path. Nerve receptors within the
teats are stimulated by the action of suck-
ling, and the nervous afferent pathway is
activated, resulting first in a localized effect,
causing localized myometrial cell contrac-
tion. Second, this afferent nervous pathway
acts via the central nervous system (CNS) to
stimulate the paraventricular nucleus within
the mare’s hypothalamus. The hypothala-
mus then activates the posterior pituitary,
which in response produces the hormone

oxytocin. The efferent pathway of the milk-
ejection reflex is formed by the oxytocin,
which passes into the systemic blood system
and hence to the mammary gland. The effec-
tors that react to oxytocin are the myoep-
ithelial basket cells surrounding each
alveolus and the small ducts, causing them
to contract further and forcing milk out of
the alveoli, along the ducts, to the gland cis-
tern and on to the teat cistern, ready to be
removed by the suckling action of the foal
(Ellendorff and Schams, 1988; Nett, 1993b).
Hence, at suckling, the milk initially avail-
able is that within the gland and teat cis-
terns, which is removed by the negative
pressure exerted by the suckling action of
the foal. This is then closely followed by the
milk-ejection reflex, which replenishes the
milk within the gland and teat cisterns,
making more available to the foal.

In addition to the above control mecha-
nisms, the CNS has an overriding effect. For
example, stress, especially as a result of fear
or shock, reduces the effectiveness of the
milk-ejection reflex by increasing the levels
of circulating adrenalin. Adrenalin causes
vasoconstriction, so reducing the amount of
oxytocin reaching the alveoli and hence the
effectiveness of the reflex (Fig. 10.1).

10.5. Conclusion

It is evident that there is much left to be
learnt about the control of lactation in the
mare. The lack of direct commercial value
has led to little research into equine milk
production and, as such, many extrapola-
tions and assumptions from the cow have
been applied to the horse.
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Fig. 10.1. Schematic representation of the control of lactation in the mare. CNS, central nervous system.
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11.1. Introduction

The choice of both mare and stallion for
breeding can be a very complicated and
time-consuming process. Often not enough
importance is placed upon this selection, the
result of which is an oversupply of mediocre
or poor stock and unnecessary difficulties
with mares at covering, during pregnancy, at
foaling and during lactation.

One of the most obvious selection criteria
is that of performance or athletic ability. If
you are looking to produce a quality show
horse, you will obviously be selecting for
conformation and show success on both the
mare’s and stallion’s side and in their breed-
ing. If you are looking to produce a race-
horse or competition horse, you will be
interested primarily in the proven perfor-
mance of the dam and sire and select accord-
ingly. Finally, if you are looking for a leisure
horse, you will be interested primarily in
temperament and possibly hardiness.

It is beyond the scope of this book to dis-
cuss in detail the wide range of performance
criteria that a breeder may look for in order
to achieve that specific, ideal horse. These
performance criteria vary considerably with
the individual breeder and the type of horse
required. Many books and articles have been
written on the subject, but ultimately it is a
personal decision.

Regardless of the performance criteria
used for selection, stock should also be
selected on reproductive competence.
However, all too often, such criteria are not
considered, with potentially serious conse-
quences for the individual breeder and the
equine breed as a whole. Regardless of the
type of horse you intend to breed, repro-
ductive competence and the ability to pro-
duce healthy offspring with minimal
danger to the life and well-being of the
dam should also be of prime importance.
Today’s horse, unlike other farm livestock,
has been selected primarily for perfor-
mance ability, often at the expense of repro-
ductive competence. As a result, there are
many potential reproductive problems that
the breeder should be aware of in selecting
both the mare and the stallion.

The following sections will concentrate
solely upon the criteria and techniques that
can be used in the selection for reproductive
competence and will assume that the selec-
tion criteria for performance and conforma-
tion have already been met. All the possible
techniques will be included in the following
sections, many of which are costly in time
and money. The extent to which these tech-
niques are used depends on personal choice
and the value of the breeding stock con-
cerned and the potential offspring. Further
information specific to infertility and hence
an expansion of some of the issues raised
here are included in Chapter 19.

11.2. The Mare

The selection criteria for reproductive com-
petence in the mare can be listed as follows:

History

Temperament

Age

General conformation and condition

External conformation of the reproductive
tract

Internal conformation of the reproductive
tract

Infections

Blood sampling

11.2.1. History

The history of the mare includes both her spe-
cific breeding history and her general his-
tory (Shideler, 1993a). Many mares these days,
especially those of any value, come with full
historical documentation. Such records are
invaluable in assessing her ability to produce
a foal, as well as easing management. If there
are no records available, contact should be
made with her previous owners to find out as
much information as possible.

11.2.1.1. Reproductive history

Details of her past breeding performance
should ideally include answers to the follow-
ing questions: Does she show regular
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oestrous cycles? What is the length of her
normal oestrous cycle? When does her
breeding season normally start? How long
does her season normally last? Does she
show oestrus well and are there any charac-
teristic signs? How long is her typical
oestrus? Does she demonstrate oestrus better
under certain circumstances? etc.

This information will indicate, among
other things, whether or not she will be easy
to detect in oestrus and cover. Mares that do
not demonstrate oestrus well tend to be hard
to cover. This leads to frustration, due to
missed oestruses and wasted journeys to the
stallion, all increasing costs. In addition, mares
that are habitually hard, or even dangerous, to
cover may be refused by some studs, reducing
the pool of potential stallions or necessitating
the use of artificial insemination (AI).

Other questions asked should include
whether she has bred before. If so, has she
had problems holding to the stallion? This
will necessitate return journeys to the stud or
a prolonged period of time away. Has she
had problems during any of her pregnancies?
Has she ever reabsorbed or aborted? Does
she or her family throw twins? If a mare has a
history of habitual reabsorbtion or abortion
or the need for holding injections (artificial
progesterone supplementation) post service,
then she is really not a good candidate for a
brood mare. Such problems may indicate an
inherent inability to carry a pregnancy to
term, due to hormonal imbalance, uterine
incompetence and/or genetic abnormality.

Repeated incidences of twins are a prob-
lem, in that the likelihood of one or both of
the fetuses aborting is very high. If only one
of the twins aborts, the remaining one is
often born weaker and smaller than would
normally be expected. Spontaneous abortion
of twins is not due to an inherent inability to
carry a foal to term and such mares are per-
fectly capable of producing a foal providing
a single pregnancy is conceived. They may,
however, need to be checked routinely for
twin pregnancies and managed appropri-
ately to eliminate one twin at an early stage
or to induce abortion, with the mare being
returned to the stallion (Ginther, 1982; see
Chapter 14).

It is important to find out whether there
may have been any incidences of dystocia. It is
rare for abnormal fetal positions to occur
repeatedly, but past difficulties may have
caused internal lacerations or damage. It is
particularly important to know if the cervix
has been affected. Limited damage to the
uterus, vagina and vulva will repair quite
effectively, though it may leave areas of weak-
ness or adhesions. Damage to the cervix may
cause cervical incompetence, allowing bacteria
to enter the higher reproductive tract and thus
causing infection. Conversely, adhesions may
hinder the passage of sperm at covering and
make the cervix less able to dilate during par-
turition, necessitating a Caesarean delivery.

Previous post foaling problems may also be
indicated, including rejection or even habitual
attacking of foals. This could be a sign of a
general temperament fault, or may not show
up in subsequent pregnancies, particularly if
such behaviour was associated with a first
foaling. Records may show that the mare is
not a good mother, producing ill-thrifty foals.
It is therefore helpful to look at foal birth
weight and subsequent development and
growth rates. Such effects may be due to poor
milk yield, which in turn may reflect faults in
nutritional management rather than a specific
mare problem, but, if she has consistently pro-
duced foals that did not do well, it may be
worth investigating further.

Records should also show any incidences
of infections and the treatments given. Minor
infections may show no long-term effects.
However, infections of the reproductive tract
are largely responsible for the relatively high
infertility rates in horses and are the single
major cause of fertilization failure and abor-
tion in mares (McKinnon and Voss, 1993).
Previous mastitic infections, though rare,
should be considered and such mares exam-
ined to make sure that the udder has not suf-
fered permanent damage.

Detailed mare records not only prove
invaluable as an aid to selection; they also
provide useful information for the stud to
which you intend to send your mare. This is
especially important if she is to stay at stud
for a prolonged period of time and oestrus
detection is to be carried out by the stud.
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11.2.1.2. General history

In addition to specific breeding records,
information on the mare’s general history is
also very useful. These should indicate her
vaccination and worming status, as well as
accidents, especially if these involved injury
to the pelvic area, abdominal muscles, inter-
nal injuries or damage to limbs or muscles.
These may be exacerbated by pregnancy,
especially in the later stages, and may pre-
dispose the mare to problems or prevent
natural parturition.

Ongoing or past conditions should also
be noted. Mares with a history of respiratory
or circulatory disorders, chronic obstructive
pulmonary disease, exercise-induced pul-
monary haemorrhage, umbilical hernias or
vaginal prolapse would possibly not stand
up to the strain of pregnancy. Such con-
ditions may also be exacerbated by preg-
nancy itself (Turner and Mcllwraith, 1982;
Shideler, 1993 a,b). Severe laminitis, navi-
cular disease, tendonitis, etc. may also have
a bearing on the ability of a mare to carry a
pregnancy to term (Woods, 1989). Mares
with disorders that are potentially heritable
may be able to carry a pregnancy to term,
but it is debatable whether such mares
should be bred and hence perpetuate a
problem within the population.

11.2.2. Temperament

The temperament of the mare is obviously
important for ease of management, espe-
cially at birth and with a young foal, when
many mares tend to be antisocial. In addi-
tion, temperament is an inherited character-
istic and hence that of the parents has a
long-term effect on the temperament and
character of the foal. The mare in particular
has a significant effect on foal temperament,
due to their prolonged proximity during the
foal’s early life until weaning.

A mare with a quiet and gentle disposi-
tion is much easier to handle and manage.
Such mares tend to show oestrus more read-
ily and are therefore easier to cover. Anxious
and highly-strung mares with poor tempera-
ments may show signs of aggression

towards a teaser or stallion even though she
is in oestrus; stress may often cause masking
of oestrous signs in such mares. Such aggres-
sive mares are obviously more difficult and
dangerous to cover. Many need to be
twitched and/or hobbled, which further
increases stress and is not conducive to opti-
mum fertilization rates or easy management.
Such mares can, of course, be covered using
Al but the problem of detecting oestrus
remains. Highly-strung and nervous mares
may also suffer from higher abortion rates.
Finally, a masculinized temperament may be
indicative of hormonal abnormalities — for
example, granulosa-cell tumours (Hinrichs
and Hunt, 1990).

11.2.3. Age

The age of a mare at her first breeding does
influence the ease of her pregnancy and may
have potential long-term effects, especially in
mares under 5 or over 12 years of age (Day,
1939). As mares reach puberty between 18
and 24 months of age, it is theoretically
possible to breed a mare at 18 months to
produce a foal at 29-30 months of age. How-
ever, evidence, especially from research into
sheep, demonstrates that embryo mortality
rates are significantly higher in maiden
pubertal animals, and return rates in young
maiden mares do tend to be higher than in
older multiparous mares.

Young mares may not only be hard to get
in foal but they may suffer detrimental long-
term effects if nutrition is inadequate. A horse
does not attain its mature body size until, on
average, 5 years of age, so, for a mare under 5
years, there are the additional demands of
growth on top of those of pregnancy and
maintenance. This should be reflected in her
nutritional intake. To breed a mare early in
life is a decision not to be taken lightly. She
must be well grown for her age and in a
good, but not overfat, physical condition.
There must also be the wherewithal to feed
her additional good-quality food, especially
in late pregnancy, and to provide good
accommodation for her in order to minimize
her body’s maintenance requirement.
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At the other end of the spectrum, maiden
mares over the age of 12 may also find it
difficult to carry a pregnancy and bring up
a foal. There is evidence to suggest that
embryo survival rates, as well as fertiliza-
tion rates, are reduced in old mares (Ball,
1988, 1993a; Ball and Brinsko, 1992). This is
due to an increase in the incidence of
embryonic defects, a reduction in ova via-
bility and an increase in age-related
endometritis (see Chapter 19; Ball, 1988,
1993a; Ricketts and Alonso, 1991). In addi-
tion, the mere fact that she has been alive
longer also means that she has had a
greater chance of exposure to reproduc-
tive-tract infections, which, if severe, may
have permanently affected her ability to
conceive. Older mares may also have spent
the majority of their lives as barren mares
without the attentions of the stallion; they
tend, therefore, to reject or be antagonistic
towards a stallion’s approaches.

Older maiden mares may also have prob-
lems associated with their previous life.
Many such mares are ex-performance horses
and, as such, they have been trained and
kept in top athletic condition, which often
disrupts reproductive activity. Prime athletic
condition is associated with a variety of
reproductive malfunctions — for example,
delayed oestrus, prolonged dioestrus, com-
plete reproductive failure, etc. These mares
need a readjustment period before they are
physically and psychologically capable of
conceiving, bearing and rearing a foal. A pro-
longed period of rest, at least 6 months,
allows the mare’s system to settle down into
a non-athletic state; some mares may take as
long as 18 months to adjust to their new way
of life. If a mare has been treated with drugs,
such as corticosteroids and anabolic steroids,
illegally or legally, her system will require
time to eliminate them, during which time
reproductive function may continue to be
disrupted (Shoemaker et al., 1989). A perfor-
mance horse, in top athletic condition, devel-
ops musculature, especially in the abdominal
and pelvic region, not necessarily conducive
to an easy pregnancy and parturition. Time
should therefore be allowed for muscle tone
to relax.

The ideal age to breed a maiden mare is at
5-6 years of age, at which time she will have
reached her mature size. She will also not be
old enough to have become set in her ways
and will be less likely to have developed
aggressive tendencies towards the stallion
and to have contracted uterine infections.
However, breeding at this age will not suit
all systems. Most mares will not have proved
their worth so the decision to breed may not
yet have been made. One increasingly popu-
lar way of overcoming this is the use of
embryo transfer, discussed in detail in
Chapter 21, which allows performance
mares to breed but not at the expense of their
performance careers.

Once a mare has borne one foal, she is
more able to cope with the demands of subse-
quent pregnancies and, as such, is much more
likely to breed successfully as an older mare
well into her teens (Allen, 1992). If a mare has
been a brood mare all her life, then age is less
important. She may naturally be barren dur-
ing the occasional year. This has been sug-
gested as nature’s way of allowing recovery
and regeneration. More care and attention are
needed with older age, and it is not normally
advisable to breed a mare over 20 years old,
though this largely depends on the breed,
type and condition of the individual mare.
Mares of the native type tend to breed more
successfully into later life than the hot-
blood /warm-blood-type animals, though of
course there are exceptions to every rule.

11.2.4. General conformation and
condition

A mare’s general conformation is of impor-
tance, not only to ensure that her offspring
are well conformed, but also to ease her
pregnancy. She needs to have a strong back
and legs to enable her to carry the consider-
able extra weight of the fetus during late
pregnancy. She should have correct pelvic
conformation, with a pelvic opening ade-
quate for a safe delivery. Ideally, she should
also possess good heart and lung room
across the chest and have plenty of abdomi-
nal space. In general, rather fine, tucked-up
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mares tend to be poorer breeders or have
more problems during pregnancy.

A mare’s general body condition is con-
sidered to have implications for reproductive
activity, though evidence is conflicting. The
body condition of horses can be classified on
a scale of 0-5, 0 being emaciated and 5 obese.
The ideal condition score for a mare at mat-
ing is 3. Such mares have a good covering of
flesh; the ribs may be felt with some pres-
sure, as can the vertebrae of the backbone. It
is widely believed that mares with condition
score 3 have the highest fertilization rate and
subsequent reproductive success (Fig.11.1;

Van Niekerk and Van Heerden, 1972; Kubiak
et al., 1987; Morris et al., 1987).

Thin mares may show prolonged
anoestrus or very long/delayed oestrous
cycles, along with suspension of all repro-
ductive activity in cases of emaciation. At the
other end of the spectrum, over-fat mares
(Fig. 11.2) may suffer reproductive failure,
due to excess fat deposition on the reproduc-
tive tract limiting their ability to move and
expand with a developing pregnancy. Fat
may also be deposited on the ovaries and
around the Fallopian tubes, interfering with
the process of ovulation and ova transfer.

Fig. 11.2. Mare in over-fat condition, condition score 5.
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It has been demonstrated that, in barren
mares, an increasing plane of nutrition 5-6
weeks prior to mating, with an accompany-
ing gradual improvement in body condition
up to a score of 3, results in the best ovula-
tion rates and reproductive success (Van
Niekerk and Van Heerden, 1972). This
process is termed flushing and is a common
practice in sheep and cattle management. It
is discussed further in Chapter 12. Finally,
work done by Swinker et al., (1993) indicates
that body condition can also affect the mare’s
response to hormonal treatment used in the
manipulation of reproduction.

11.2.5. External examination of the
reproductive tract

Poor external conformation of the mare’s
reproductive tract can have severe implica-
tions for reproductive performance (see
Chapter 1).

The perineal area forms the outer vulval
seal of the tract (see Chapter 1) and so
should be examined. First, the presence of
lacerations, damage, puckers, scars, etc.
should be noted, as they may be indicative of
more extensive internal damage. Second, the
general conformation of the perineal area

should be assessed. If the vulval seal is
incompetent, this allows bacteria and air-
borne pathogens to enter the vagina and
challenge the upper reproductive system
(see Chapter 1; Figs 1.4, 1.6 and 1.7). This
predisposes the mare to pneumovagina and
urovagina. Both of these are common causes
of reproductive-tract infection and hence
infertility. Such conditions are prevalent in
Thoroughbred mares, mares in poor con-
dition and mares with reduced vulval tone
due to injury, damage, age, oestrus or foaling
(Pascoe, 1979a).

As discussed in Chapter 1, the height of
the pelvic floor also has a bearing on bacter-
ial contamination and so should also be con-
sidered when selecting mares. It may be
assessed by inserting a sterile probe into the
vagina and resting it on the pelvic floor
(Fig. 11.3). In a normal conformation, at least
80% of the vulva should lie below the pelvic
floor in order for the vaginal seal to be fully
competent. In a mare with a low pelvic floor,
the risk of contamination of the reproductive
tract can be reduced if perineal conformation
is correct and hence the vulval seal is
competent.

The external perineal conformation and
hence vulval seal competence can be
assessed by eye. A simple ruler and pro-

Fig. 11.3. Diagram to illustrate the assessment of vaginal and vulval competence and hence the

likelihood of pneumovagina.
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tractor can be used to allocate a Caslick
index (see Chapter 1) and so indicate the
likelihood of infection and the need for
a Caslick vulvoplasty (Pascoe, 1979a).
The competence of the vaginal seal can
be assessed via the use of a sterile probe,
or may require a speculum. Speculum
examination of the vagina and cervix
is discussed in detail in the following
section.

The selection of a mare with a Caslick
vulvoplasty for breeding must be made
with considerable caution. There are a finite
number of times that the operation can be
performed and, unless the more compli-
cated Pouret operation (Pouret, 1982) is
resorted to, there is, by implication, a limit
to the mare’s breeding career. An addi-
tional consideration is one of equine wel-
fare and whether such poorly conformed
mares should be bred, as, in so doing, the
trait is perpetuated within the equine pop-
ulation.

11.2.6. Internal examination of the
reproductive tract

Examination of the internal reproductive tract
of the mare is a skilled veterinary surgeon’s
job, necessitating the use of several examina-
tion techniques. Information given by these
assessments can be indispensable in assessing
the reproductive potential of a mare.

11.2.6.1. Vulva and vagina

Vaginal internal assessment can be carried
out by means of a speculum (Fig. 11.4). The
most commonly used is a Caslick’s speculum
(Fig. 11.5).

The speculum consists of either an
expandable or a non-expandable hollow
metal tube, with a light source attached. The
sterilized and well-lubricated speculum is
inserted into the mare’s vagina. If appropri-
ate, this is inserted in the closed position and
is expanded, slowly opening up the vagina.

Fig. 11.4. Vaginal-speculum examination of the mare’s vagina. The independent light source allows the
inside of the vagina to be illuminated and hence easily viewed.

Fig. 11.5. A non-expandable vaginal speculum.
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The light source then illuminates the mucous-
membrane lining and the cervix, allowing
examination in detail. Disposable speculums
of plastic or coated cardboard are also avail-
able, but these need an independent light
source and so the use of two hands, making
techniques such as swabbing very difficult.
The use of a vaginal speculum must be
accompanied by several precautions as, when
in position, it opens up both the vulval and
the vaginal seals. The procedure should be
carried out under conditions as sterile as pos-
sible, in a dust-free environment. The mare’s
tail should be bandaged and the perineal area
thoroughly washed (Fig. 11.6).

A more sophisticated technique, termed an
endoscopy, can be used today for viewing the
mare’s vagina and cervix and ultimately the
rest of the internal reproductive tract. Older
endoscopes were rigid and therefore had lim-
itations to their use; the newer, flexible, fibre-
optic endoscopes are more versatile. As in
humans, the endoscope can be used to view
any internal structures, by viewing either

¢

Fig. 11.6. Use of a vaginal speculum in the mare.

through the body wall and into the body cav-
ity or via the oral/nasal cavity to the diges-
tive/respiratory system, via the rectum into
the large intestine or, finally, via the vagina to
view the reproductive tract.

The endoscope consists of a series of
flexible carbon-fibre filaments with a light
source and camera attached. The flexible
carbon-fibre rod is passed through the
vagina and up into the inner reproductive
tract. One set of the carbon-fibre filaments
allows the passage of light from the external
light source down the endoscope, illuminat-
ing the internal structures. The other set
allows the transmission of the image back to
the camera and on to a television monitor.
The positioning and angle of view of the
endoscope can be controlled remotely from
the exterior end of the endoscope (Fig. 11.7).

Fig. 11.7. Endoscopic examination of the repro-
ductive tract of the mare. The attendant on the
right controls the optic-fibre camera, while the
attendant on the left guides the endoscope within
the mare’s reproductive tract. The image produced
is viewed on the TV monitor. (From Thoroughbred
Breeders Equine Fertility Unit, Newmarket.)
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The use of the endoscope is expensive and is
usually confined to examination of the
upper, less accessible parts of the reproduc-
tive tract (Fig. 11.7; Le Blanc, 1993a; Threlfall
and Carleton, 1996).

In the healthy mare, both the speculum
and the endoscope should show the mucous
membranes lining the vulva and vagina to
be a healthy pink colour. Any mucous
present should be clear and not cloudy or
yellow-white in colour. An infected vagina
appears red and inflamed and is possibly
covered in a cloudy mucus. Infections of the
vagina are not uncommon and will be dis-
cussed in the following section on infections
and also in Chapter 19.

The vulva and vagina should be free
from bruising, irritation, scars and tears.
They are susceptible to damage and injury
at parturition and so they should be care-
fully checked. Adhesions, if present, are
caused by scar tissue and may render the
mare unserviceable or cause her pain at mat-
ing and hence rejection of the stallion. Al is a
possible alternative but she may still have
problems at foaling.

Neoplasms of the vulva and vagina are
relatively rare, though, if present, may
cause problems at covering. Three kinds of
neoplasms can be seen in horses: first,
melanomas, malignant growths of the
melanin-containing pigment cells, particu-
larly prevalent in grey mares and not nec-
essarily confined to the vulva and vagina;
second, carcinomas or malignant neo-
plasms of the epithelial cells; and, finally,
papillomas or benign neoplasms. If a mare
does show evidence of neoplasms, it is
debatable whether she should be mated,
as there is evidence to suggest that the
tendency to develop some neoplasms is
heritable.

Finally, urovagina (pooling of urine
within the floor of the vagina) may be
observed. Stagnant urine held within the
vagina will increase the chance of infection.
Urine pooling is evident in mares with poor
perineal conformation and in older multi-
parous mares in which vaginal tone has been
lost. It may also result from past vaginal
damage or injury.

11.2.6.2. Cervix

The cervix may be considered as the connec-
tion and final seal between the outer repro-
ductive tract and the inner, more susceptible
tract. As such, its competence as a seal is
very important. This may be assessed by
means of a speculum, as described above
for vaginal examination. The cervix varies
greatly with the stage of the oestrous cycle
and pregnancy and, as such, can aid in diag-
nosis. During oestrus, the cervix is fairly
relaxed, pink in colour, its tone flaccid and
any secretions quite thin, and it appears to
‘flower’ (relax) into the vagina. This is to
ease the passage of the penis at copulation.
During dioestrus and, to a greater extent,
during anoestrus, the cervical tone increases,
it appears whiter in colour, the seal becomes
tighter and the secretions become thicker.
During pregnancy, the cervix is again tightly
sealed and white in colour, with a mucous
plug acting to enhance the effectiveness of
the seal. The tone of the cervix may also be
examined via rectal palpation. In general, the
state of the cervix should correspond to
ovarian activity and that of the rest of the
tract. If not, infections or abnormalities
should be suspected. Infection of the cervical
mucosa, or cervicitis, will be discussed in
detail later (Chapter 19). Cervicitis is charac-
terized by a red/purple swollen cervix, often
protruding into the vagina and covered with
mucus, clearly seen at speculum examina-
tion. In severe cases, cysts may be evident
and may result in adhesions and long-term
permanent damage, preventing correct
closure of the cervical seal, with resultant
infection. Adhesions as a result of cervical
damage may close it completely, preventing
entry of the penis and so the passage of
sperm to the upper tract and the draining of
fluid from the uterus, resulting in serious
uterine infections. Minor cervical damage

and/or adhesions can be helped by surgery.

11.2.6.3. Uterus

Examination of the mare’s uterus is a more
complicated procedure, as the uterus forms
part of the inner and less accessible reproduc-
tive tract. An appreciation of its gross structure
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can be obtained by rectal palpation and/or
ultrasonic scanning. The colour and condition
of the mucous membranes of the uterus may
be inspected by means of an endoscope and
further examined by uterine biopsy.

Rectal palpation is a commonly used and
relatively effective way of obtaining a tactile
impression of the inner reproductive tract
and so identifying structural abnormalities
(Figs 11.8 and 11.9). The procedure involves
restraining the mare in stocks and insert-
ing a well-lubricated, gloved hand and
arm through the anus and into the rectum
of the mare. The wall of the rectum is fairly
thin, so the reproductive tract, which lies

immediately below it, can be palpated
through the rectum wall. The procedure,
however, must only be carried out by an
experienced operator, as rupturing the rec-
tum wall is not uncommon. Rectal palpa-
tion can be used to assess the tone, size and
texture of the uterus, uterine horns,
Fallopian tubes and ovaries. In addition,
cysts, tumours, neoplasms, stretched broad
ligaments, uterine endometritis, saccula-
tions, adhesions, lacerations, scars and
delayed involution can be identified. As
such, it is a useful, cheap and immediate
aid to selection of mares (Greenhof and
Kenney, 1975; Shideler, 1993c).

Fig. 11.8. Rectal palpation in the mare.

Fig. 11.9. Rectal palpation in the mare allows the practitioner to feel the reproductive tract through the
relatively thin wall of the rectum.
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Ultrasonic scanning is a newer and more
expensive method of assessment, which gives
an immediate, visual impression of the upper
reproductive tract, rather than the tactile
interpretation obtained with rectal palpation
(Jones, 1995; Sertich, 1998). The ultrasonic
scanner is based on the Doppler principle.
When high-frequency sound waves hit an
object, they are absorbed or deflected back to
a varying extent, depending on the density of
that object. The reflected sound waves are
transduced to appear as an image on a visual
display unit. Solid objects appear white and
fluid appears black, with many variations of
grey in between (Fig. 11.10; Toal, 1996). In the
case of ultrasonic scanners used in the assess-
ment of a mare’s reproductive status the
transducer or ultrasonic emitting and receiv-
ing device can be inserted into the rectum or
less commonly placed on the mare’s flank
and directed towards the reproductive tract
(Fig. 11.11; Ginther and Pierson, 1983). The
resultant image can be used to identify
abnormalities similar to those assessed via
rectal palpation but, in particular, the pres-
ence of cysts, intrauterine fluid, air, debris,

Fig. 11.10. The image produced by an ultrasonic
scanner; fluid areas show up as black and solid
structures as white, with variations in between.

neoplasms, etc. (Ginther, 1984; McKinnon,
1987a,b,c, 1998). The technique can also be
used to assess the size and shape of the
uterus and ovaries and so can be used to
determine ovarian activity (Adams et al.,
1987; Perkins, 1996).

By means of rectal palpation and ultra-
sonic scanning, the healthy uterus should
appear either flaccid with little tone if the
mare is in oestrus, or turgid with plenty of
tone if she is in dioestrus. If the palpater
works his/her way gradually from either
uterine horn and across the uterine body,
local thickenings, cysts or fibrotic areas can
be detected and the diameter of each horn
estimated and compared. The two horns
should match. Mares that have had a his-
tory of infections may show ventral out-
pushings of the uterus, especially at the
junction between the uterine body and
horns. These mares may well have difficulty
in carrying another pregnancy to term, as
they often lose the fetus at the time of
implantation. Incomplete involution of the
uterus post-partum can also be detected,
indicating infection, weakening or rupture
of the uterine wall, and, in severe cases, the
uterus may never completely involute. This
leaves a flaccid area of uterus with inade-
quate tone compared with the remainder.
Again, such mares may well have diffi-
culty carrying a pregnancy to term.
Haemorrhages within the broad ligaments
may be identified as local hard swellings up
to 40 mm in diameter. Stretched broad liga-
ments may also be detected, often due to
excessive strain, accidents or damage.
Again, such mares may be incapable of car-
rying a pregnancy to term, the broad liga-
ments being unable to support the weight
of a full-term fetus.

An endoscope, as described earlier in this
chapter, may be used to examine the internal
surfaces of the reproductive tract and to
give a real-time image. Once the endoscope
is inserted, sterile air or oxygen is passed
into the uterus, easing the viewing of the
mucous membranes and uterine epithelium
(Fig. 11.7; Mather et al., 1979; Le Blanc,
1993b). The normal healthy uterine epithe-
lium is pale pink in colour and any mucus
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Fig. 11.11. The use of an ultrasonic scanning machine in the mare.

present is clear. Any signs of redness or dis-
coloration within the uterus, especially if it is
associated with cloudy or creamy mucus, are
indicative of uterine infection — endometritis.
Evidence of cysts, blood clots, thickening of
the endometrium or scar tissue may indicate
possible future problems in the mare’s repro-
ductive life.

The use of the endoscope is as yet limited,
due to the cost of the instrument and its deli-
cate nature. Endoscopes at present are nor-
mally restricted to research use and large
specialist veterinary practices.

If any areas of concern within the mare’s
uterus are detected by rectal palpation,
ultrasound or endoscopy, then a uterine
biopsy may be performed to aid further
investigation. Uterine biopsies are taken
during endoscopy and involve the removal

Fig. 11.12. Uterine biopsy forceps.

of a small section of uterine endometrium
by means of a small pair of forceps
(Figs 11.12 and 11.13). The biopsy forceps
are passed into the vagina and guided up
through the cervix by a well-lubricated,
gloved hand. The index finger guides the
forceps through the cervix and into the
uterus. The gloved hand is then removed
and inserted into the rectum to guide the
forceps to the section of the uterus that is to
be biopsied. The jaws of the forceps are
opened and the section of endometrium to
be sampled is pushed between the jaws by
this hand. The jaws are then shut and the
forceps drawn back slowly until the pres-
sure of the endometrium is felt. A sharp tug
will then release the sample, which is imme-
diately removed and fixed in readiness for
histological examination.
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Fig. 11.13. The use of uterine biopsy forceps in the mare. The arm inserted via the rectum is used to
ease the wall of the uterus into the jaws of the biopsy forceps.

Samples taken from the mid-uterine
horn have been shown to be representative
of the uterine endometrium as a whole
(Bergman and Kenney, 1975), so they are
suitable for routine biopsies where no spe-
cific abnormality is being investigated. In
biopsies to further investigate suspected
abnormalities, samples should be taken
from each area in question and another
sample from a seemingly normal area of
endometrium. Biopsies can be taken at any
time of the oestrous cycle, but normally
standard biopsies are taken in mid-
dioestrus in order to standardize results
(Kenney, 1978; Doig and Waelchi, 1993).

Such samples can allow identification of
abnormalities, as well as indicating evi-
dence of uterine degeneration. The exam-
iner looks for changes in cell structure,
especially luminal cells, which may be diag-
nostic of inflammation, fibrosis or necrosis
(Doig and Waelchi, 1993). The process is
reported not to be disadvantageous to the
mare’s reproductive cycle, though some
people report a delay in the next oestrous
period (Kenney, 1977).

Not all the methods discussed are used
as standard selection criteria, but they may
be used to elucidate any indications of
abnormalities picked up by the simpler,
more routine procedures of rectal palpation
and ultrasonic scanning.

11.2.6.4. Fallopian tubes

The competence of the Fallopian tubes is
more difficult to assess. As mentioned pre-
viously, uniformity in size and shape can
be assessed via rectal palpation. In such an
examination, the Fallopian tubes should
feel wiry and uniform in consistency when
rolled between the palpater’s fingers. Severe
abnormalities may be detected in this way,
especially adhesions connecting the infundi-
bulum to the uterus or ovaries and scar
tissue. However, salpingitis (inflammation of
the Fallopian tubes) is hard to detect. Though
it has been reported to be relatively uncom-
mon in mares, any such inflammation is of
importance, as it may hinder the passage of
ova along the Fallopian tube and may even
result in complete blockage of the oviduct.
Assessment of Fallopian-tube blockage is
very difficult. The traditional starch-grain
test is relatively successful but complicated
to carry out and therefore of limited practical
use. A starch-grain solution is injected
through the mare’s back at the subluminal
fossa, using a long needle. The ovary is
manipulated, via rectal palpation, to lie
immediately beneath the needle. Starch
grains (approximately 5 ml) are then injected
on to the surface of the ovary. Washings are
collected from the anterior vagina and cervix
24 h later. The presence of starch grains in
the flushings indicates that the Fallopian
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tube associated with the ovary on to which
the starch grains were injected is patent.

A more invasive form of investigation
is the use of laparotomy under general
anaesthesia. This technique involves the
exteriorization of the uterine horns and
Fallopian tubes through an incision made
either in the mare’s flank or in the
abdomen. The Fallopian tubes and ovaries
can then be examined in detail. Such tech-
niques are expensive and highly invasive;
they also run the normal risks associated
with general anaesthesia and are therefore
rarely used.

Laparoscopy, involving the insertion of a
rigid endoscope with a light source into the
body cavity via the abdominal wall, is a fur-
ther possibility, allowing the upper tract to
be directly viewed in situ. This technique is
slightly less invasive but does not allow such
detailed examination (Fig. 11.14). Its expense
and the risks of general anaesthesia again
make it a rare specialist technique.

11.2.6.5. Ovaries

Ovarian activity can be assessed most
simply by rectal palpation and more exten-

sively by ultrasonic scanning. The appear-
ance of the mare’s ovaries varies consider-
ably with season and reproductive activity.
These changes are detailed and discussed
in Chapter 1. Rectal palpation has tradi-
tionally been used to assess the stage of the
mare’s oestrous cycle and therefore help in
the timing of mating. It can be used in this
context of selection criteria to ensure that
the mare is reproductively active and that
follicles and corpora lutea (CL) are being
produced. It can also be used to ensure that
the reproductive stage shown within the
ovaries is synchronized with developmen-
tal changes in the remainder of the mare’s
tract. Such techniques can also indicate the
presence of adhesions and neoplasms, as
well as cystic follicles, ova fossa cysts and
other ovarian abnormalities, which may
disrupt the mare’s reproductive activity.
Further detail on the assessment of the
reproductive stage of the mare by ovarian
examination is given in Chapter 13.

Laparoscopy has been used experimen-
tally to elucidate ovarian problems. Its use in
practical stud-farm management is as yet
limited, due to cost and the need for general
anaesthesia (Fig. 11. 14).

Fig. 11.14. Alaparoscope, which may be used to view the internal structures of the mare’s reproductive
tract via the abdominal cavity. The trocars pictured in the foreground are inserted through puncture
wounds in the mare’s abdomen. Through the larger is passed the laparoscope for viewing the internal
organs, and through the smaller is passed the manipulating forceps for moving internal organs.
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11.2.7. Infections

Mares are notorious for being susceptible to
reproductive-tract infections, in particular
endometritis (Ricketts and Mackintosh,
1987). Not only can these cause temporary
and possibly permanent infertility, but they
can also be transferred relatively easily to the
stallion and on to other mares. It is impera-
tive, therefore, that infected mares are identi-
fied so that they can be discarded in the
selection process and/or treated. One of the
standard procedures used to detect such
infections is swabbing. Swabs may be taken
from the uterus, cervix, urethral opening
and/or clitoral area and assessed for patho-
genic organisms — for example, venereal
disease (VD) bacteria Klebsialla pneumoniae,
Pseudomonas aeruginosa and Taylorella equi-
genitalis, which are true sexually transmitted
bacteria, or Streptococcus  zooepidemicus,
Escherichia coli or Staphylococcus, which are
not strictly VD bacteria but which may also
be transferred at covering and can cause
uterine infections.

Uterine swabs should only be taken dur-
ing oestrus when the cervix is relaxed and
moist, easing the swab’s passage, and at the
time when the mare’s natural immunological
response to accidentally introduced bacteria
is heightened due to the dominance of oestro-
gen. The swabs may be guided in through
the cervix using a speculum or guided via a
gloved, lubricated arm, as in the case of uter-

Fig. 11.15. Cervical swabbing in the mare.

ine biopsies. Once the swab is in the lumen of
the wuterus, it is rotated against the
endometrium to absorb uterine secretions
and bacteria. The risk of accidental contami-
nation of the swab by either airborne
pathogens or bacteria present in the cervix
and for vagina is minimized by careful wash-
ing of the mare and the use of a guarded
swab. Such swabs are contained within two
sterile tubes. The first tube is passed through
the cervix and the second tube is telescoped
into the uterus. The swab can then be pushed
out through the second tube far enough to
reach the endometrium. A reversal of this
process will reduce the contamination on
retraction of the swab (Figs 11.15 and 11.16;
Greenhof and Kenney, 1975).

Cervical and urethral-opening swabs are
easier to obtain and may be collected at any
time of the cycle. The samples may be taken
using a vaginoscope by a similar process to
that described for the uterus. The swab
absorbs the secretions of the cervix itself.

Clitoral swabs are taken from the clitoral
sinuses around the clitoral fossa. Gentle
squeezing of the clitoris may produce
smegma secretions for swabbing; care, how-
ever, should be taken, as some mares object.
The clitoral fossa harbours, among other
pathogens, Taylorella equigenitalis, the causal
agent for contagious equine metritis.

Once the sample has been taken, the
swab can be applied to a variety of growth
mediums, incubated under various condi-
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Fig. 11.16. A guarded swab used for bacterial assessment of parts of the mare’s reproductive tract.

tions and subsequently examined for specific
bacterial colonies. Incubation under different
temperature, humidity, atmospheric pressure
and oxygen content aids the identification
of specific pathogenic types. Alternatively,
swabs can be smeared on to glass slides for
cytological examination (Ricketts et al., 1993).

Swabbing is a very effective method of
assessing bacterial contamination of the
mare’s reproductive tract, but results must
be treated with some caution. The presence
of bacteria within the vagina and cervix does
not necessarily indicate uterine infection,
especially if the cervical seal is fully compe-
tent. The natural flora of many mares con-
tains pathogenic organisms. The actual
process of taking a sample also increases the
chance of reproductive-tract contamination
by airborne bacteria; hence the technique
must be carried out under as clean and ster-
ile conditions as possible. In general, there-
fore, as indicated above, swabbing is best
carried out during oestrus.

Providing the possible drawbacks are
borne in mind, swabbing is a simple proce-
dure to carry out in the routine selection of
mares for breeding. Indeed, as a result of the
Thoroughbred Breeders Association Annual
Code of Practice (1978 onwards), it is advised
that all Thoroughbred mares and many of
those in other breed societies should be
swabbed prior to arrival at the stud and
again at the oestrus of service, to ensure the
absence of VD bacteria. Only mares with a
negative certificate will be accepted at the
stud and only those with a second negative
certificate will be covered.

11.2.8. Blood sampling

If there are reasons to believe that a mare may
have problems in carrying a foal to term and
no anatomical abnormalities have been
detected using the previously discussed tech-
niques, then the problem may lie in hormonal
inadequacies. The endocrine profiles of mares
can be determined by sequential blood sam-
pling. Any deviations from the normal profile
can be identified and the specific area of fail-
ure, e.g. follicle development, ovulation sig-
nal, oestrous behaviour or CL regression, can
be identified. In the light of these results,
appropriate hormone therapy may be possi-
ble to compensate for the natural deficiencies,
or it can be decided that such a mare is not
worth the risk or cost of such therapy. Details
on the normal endocrine profiles for mares
are given in Chapter 3.

Blood samples can also be used to indicate
the general health status of a mare, bringing to
light specific deficiencies related to diet, low-
grade infections, blood loss, cancer and para-
site burdens. Low red-cell counts, i.e. below
10 X 10° ml~!, indicate anaemia. Packed-cell
volume is a quick and easy assessment of red
blood cell:fluid balance :normal levels are
40-50%. Assessment of the colour of the
supernatant in the packed-cell-volume test is a
useful problem indicator. Normally strawlike
in colour, discolouration can indicate prob-
lems; for example, red/pink indicates a break-
down of red cells and release of haemoglobin.
Haemoglobin levels themselves are a well-
established indicator of anaemia, levels
<12-17 g 1! indicating problems.
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A high white blood-cell count, above
12,000-14,000 m1~!, indicates the presence of
disease — in particular, infection or cancer. A
total protein index (protein content of serum
after clotting) of <15 g 17! indicates blood
loss, starvation or liver, kidney or gastro-
intestinal disease. Fibrinogen levels may also
be indicative of abnormalities; high levels,
>10 g 11, suggest inflammatory, neoplastic
or traumatic disease (Table 11.1; Varner et al.,
1991; Pickett, 1993c).

11.2.9. Chromosomal abnormalities

Blood samples may also be used for chromo-
somal analysis, if genetic abnormalities are
suspected (Bowling et al., 1987). Genetic
abnormalities reported include a missing
X chromosome, Turner’s syndrome (63XO),
chimerism or mosaic (63XO:64XX), sex
reversal (64XY) and extra X chromosome
(65XXX) (Hughes et al., 1975; Halnan, 1985;
Bowling, 1996).

11.3. The Stallion

The selection criteria for reproductive com-
petence in the stallion are similar to those of
the mare and can be listed as follows:

History

Temperament and libido

Age

General conformation
Reproductive tract examination
Semen analysis

Blood sampling

Infections

General stud management

Reproductive evaluations are necessary prior
to purchase but may also be used routinely
prior to each breeding season or if a problem
is suspected (Thompson, 1994).

11.3.1. History

Records of a stallion’s history are invaluable in
aiding selection and, as with the mare, can be
divided into his breeding and general history.
Records for stallions tend not to be as detailed
or as readily available as those for mares.

11.3.1.1. Reproductive history

Records of his past breeding performance, if
available, should answer questions such as:
When does his season normally start and
end? How many mares is he used to cover-
ing in a season? What are his return rates
like? What is his semen quality like?

The answers to these questions will indi-
cate his reproductive ability. Stallions with
short seasons will be less able to cover as
many mares and may suffer from low libido.
The number of mares he has served per sea-
son in the past and the return rates, along
with semen analysis, will give an indication
of what workload he will be capable of. If his
return rates are high, especially if a signifi-
cant decrease is seen with an increase in
workload, this may indicate the natural limit
of the number of mares he is able to cover.
The routine of covering may affect perfor-
mance and can be tailored to suit the stallion.
Routines may involve one or two covers per
day for 6 days with a day’s rest, two covers
per day for 8 days followed by 2 days’ rest or
numerous variations on these themes. Most

Table 11.1. Blood parameters indicative of disease.

Parameter

Value indicative of disease

Red blood-cell count
Packed-cell volume
White blood-cell count
Total protein index
Haemoglobin
Fibrinogen

<10 X 108 mI~1

< 40-50%

> 12,000-14,000 ml~!
<15¢gI!

<12-17 g1
>10gI11
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stallions do need a rest day but should be
able to cover mares at the rough frequency of
the systems given above (Pickett et al., 1985).
If there are indications that a stallion is
not capable of such workloads and requires
more rest days to maintain his fertility rates,
then his selection should be queried, espe-
cially if you are looking for a stallion to pur-
chase. Return rates are a good guide to a
stallion’s ability (Van Buiten et al., 1999), but
it must be remembered that the fertility of a
stallion is only as good as the fertility of the
mares he is covering.

Any previous semen analysis should also
be detailed in his records. Many Thorough-
breds have a semen analysis carried out
routinely at the beginning of each season.
This, along with a blood sample, normally
taken at the same time, allows any potential
problems to be identified in time for remedial
action to be taken before the breeding season
starts. Any past reproductive-tract infections
should also be detailed in a stallion’s records,
along with any treatment given and the out-
come. Any long-term effects of infection
should be evident in the stallion’s workload
and return rates for the rest of that season
and any subsequent seasons.

11.3.1.2. General history

The stallion’s general history should indicate
his vaccination and worming status, along
with the incidence of injuries and accidents.
Damage to his hindquarters or limbs may
restrict his ability to mount a mare, as may
laminitis and neurological disorders (Griffin,
2000). AI may be an alternative (Davies
Morel, 1999); even so, he is likely to need the
occasional mount for the collection of semen
samples, though the number of mounts per
mare fertilized will be significantly reduced
and the unpredictability of mounting a mare
avoided. Such stallions are not advised for
purchase. As with the mare, if there were
any suggestions that any damage or weak-
nesses might be heritable, selection would
not be advised. Injuries to a stallion’s geni-
talia, usually as a result of a kick from a
mare, will cause degenerative and scar tissue
within the testes, which will reduce the

number of germinal and Sertoli cells and
hence the fertility rates of the stallion. Severe
damage resulting in the removal of a testicle
should also be noted in a stallion’s records to
reassure potential purchasers that he is not a
rig. Such stallions are capable of fertilizing a
mare, but the workload may have to be
reduced. Severe injuries to a stallion during
mating often have psychological effects,
drastically reducing his libido, possibly to
such an extent that he is unwilling to cover
naturally.

Past illnesses should also be indicated in
his records. Illnesses associated with the res-
piratory or circulatory systems may indicate
that the stallion will not be capable of work-
ing a full season, limiting the numbers of
nominations available or that can be sold.
Again, if there is a possibility that such
weaknesses could be heritable, the stallion
should be avoided. Any illnesses resulting in
a fever can disrupt spermatogenesis, due to
the elevated temperature (Johnson et al.,
1997). This may result in temporary infertil-
ity, though this may not be evident for sev-
eral months as the spermatogenic cycle takes
57 days (Davies Morel, 1999). Systemic infec-
tions, for example, strangles or flu, can cause
inflammation within the testis and, if this
results in a significant amount of tissue
degeneration, permanent subfertility or even
infertility may result.

The sorts of stallion records that should
be available to a potential purchaser are
illustrated in Fig. 11.17.

11.3.2. Temperament and libido

The temperament of the stallion is very
important, for ease of management and as a
heritable trait. A stallion of a quiet and kind
disposition is a great asset and will be much
easier and safer to handle (Fig. 11.18). A stal-
lion that is rough to his mares will not only
run the risk of inflicting permanent damage
on them but may also be hurt himself if they
retaliate. A rough stallion will prove un-
popular and it may be difficult to get him
enough mares to make his use economic.
Some protection, in the form of neck guards,
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Date of 1st 2nd Live
mare’s service service Return Return  Positive foal
arrival Mare/owner date date date date PD d.o.b. Comments
16.1.00 Trefaes Fancy 20.3.00 22.3.00 - - 4.4.00 22.2.01 Foal at foot,
Mr T. James filly d.o.b. 12.2.00
18.1.00 Katie Jane 15.3.00 16.3.00 7.4.00 - 21.4.00 Abortion Maiden mare
M. Davies 10.12.00
30.3.00 Penpontpren 30.3.00 1.5.00 21.4.00 22.4.00 155.00 15.3.01 Barren mare
Mina colt
Mrs M. Morel
1.2.00 Lluest Megan 30.4.00 1.5.00 21.5.00 - - - Foal at foot,
Lluest Stud d.o.b. 30.3.00
Delayed uterine
involution
12.2.00 Rose 18.3.00 - - - 8.4.00 - Foal at foot,
Mr A. Jones twins d.o.b. 12.3.00
aborted Twins detected
8.4.00
12.2.00 Lady Jane 19.3.00 20.3.00 - — 5.4.00 2.3.01 Barren, twins
Barnswood 21.3.00 twins, one detected 5.4.00,
Stud pinched smallest
pinched

Fig. 11.17. The type of records that should be kept for each stallion during his breeding season,
indicating the mares he has been put to and the result, along with any noteworthy comments.

Fig. 11.18. A well-behaved stallion is an asset to any stud, easing his management and reducing the
danger to his handlers.

can be given to mares that are mated to stal-

lions that tend to bite during covering, but
no protection can be given against stallions
that are downright vicious and, as such, they

should be avoided at all costs.

Ideally, records should indicate the stal-
lion’s temperament and any specific charac-
teristics that he might have. It is to be hoped
that his bad habits, especially those that

might prove dangerous, will also be indi-
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cated. To be forewarned is to be forearmed
and might lead you to reject an unsatisfac-
tory stallion.

Bad behaviour in many stallions is a direct
result of the conditions and management
under which they are kept (Chapter 18).
Therefore, especially in the case of a stallion
that seems to have developed bad habits later
in life or after a change of owner or manage-
ment, the conditions under which he is kept
should be assessed before he is rejected for
covering a mare. However, as a potential pur-
chase, he is not a good choice, as such habits
are difficult to break. Bad behaviour tends to
perpetuate itself, as, due to the potential dan-
ger, such stallions are kept confined for
longer periods of time and hence away from
other companions. Their boredom is exacer-
bated and their bad habits develop further.
Stereotypies (habits) to be aware of include:
weaving; crib-biting; and wind-sucking; all
signs of boredom. Additionally, there is a
commonly held belief, though not supported
by scientific research, that other horses may
copy stereotypies.

Stereotypies such as self-masturbation
were once frowned upon but are now
considered natural behaviour, of no conse-
quence except the potential embarrassment
to owners. Some stallions also indulge in
self-mutilation, especially after mating, bit-
ing themselves in areas where the smell of
the mare lingers. Though thorough washing
post mating can reduce the incidence, the
potential for self-harm and the added man-
agement time and expense may preclude
their selection.

A stallion’s reproductive temperament
and willingness to cover are termed his
libido, which partly determines his repro-
ductive potential. Libido is governed, like all
other sexual activity, by season (Chapter 4).
Hence, those stallions with longer seasons
tend to show a higher libido and therefore
willingness to mate early on in the season,
extending the time in which he can be
worked. Ideally, if selecting a stallion to pur-
chase, he should be seen teasing and cover-
ing a mare. A stallion with a low libido will
need to mount a mare several times before
ejaculation, taking up to 20 min to cover a

mare, or he may fail completely; he may also
show initial interest very reluctantly. The
number of mounts per ejaculation and the
time between actual intromission and ejacu-
lation are good indications of libido. The
number of mounts per ejaculation should be
as near to one as possible and the time
between intromission and ejaculation a mat-
ter of seconds (Thompson, 1994).

11.3.3. Age

The age of the stallion is less important than
that of the mare, as far as reproductive abil-
ity is concerned. The significance of age in
the selection of the stallion depends on what
that stallion is required for, i.e. for a single
mating to a selected mare or as a potential
purchase for long-term future use. If you are
selecting him for service of a single mare,
then, as far as you are concerned, he will be
required to perform on just a couple of occa-
sions; his age is of limited importance, pro-
viding he is capable of covering. However,
if you are looking to select a stallion for
purchase and therefore long-term future use,
you want to ensure that he is young and fit
enough to give you plenty of seasons, but
old enough to have proved his worth.

As far as a lower limit is concerned, most
colts reach puberty at 18-24 months (see
Chapter 4; Clay and Clay, 1992). A colt can, in
theory, be used as soon as he reaches puberty,
but care must be taken to introduce him to
the job gradually and not to overwork him
too soon or give him awkward mares, which
may affect his as yet delicate ego and repro-
ductive confidence (Johnson et al., 1991).
Further details on early stallion manage-
ment are given in Chapter 18. The purchase
and use of such young stallions are risky, as
they have no proven performance record.

As far as an upper age limit is concerned,
this really depends on the stallion’s general
health and condition. If he has no problems
with lameness, stamina, wind, injury, etc., he
may well be capable of working well into his
teens and even twenties, though in the latter
years his workload may have to be reduced.
There is reported evidence that reproductive
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capability is inherently reduced with age
(Johnson and Thompson, 1983; Amann,
1993a,b). However, other work disputes this,
suggesting that any decline in reproductive
performance with old age is indirect, due
to reducing libido from injury, arthritic con-
ditions, etc. and not a decline in spermato-
genesis per se (Johnson, 1991a).

As discussed in the case of mare selection,
if an older ex-performance horse is being
considered, it must be borne in mind that he
will require a prolonged period of time to
adjust physically and psychologically to his
new role in life. Details of the problems asso-
ciated with using performance horses as stal-
lions are given in Chapter 12.

11.3.4. General conformation and
condition

A stallion’s general conformation is of
importance, not only as it will be passed on
to his offspring, but also to ensure that he is
capable of withstanding a full breeding sea-
son. A stallion of poor limb conformation,
especially the hindquarters, will also be
weak in this area and may therefore be
unable to withstand the heavy workload of a
full season, limiting his economic viability.

Particular note should be taken of his
physical ability to cover mares. He should be
free of all signs of lameness, especially in the
hind limbs. His legs should be checked
before and after exercise and a comparison
made to ensure that there is no sign of
swelling, a sign of possible weakness. He
should be free of all conditions such as
arthritis, spinal or limb injury, wobbler
syndrome or laminitis, all of which could
cause pain. A stallion’s feet should also be in
excellent condition, regularly trimmed to
ensure they stay that way. Adequate heart
room in a broad chest is also desirable and,
if doubt is placed on the stallion’s cardio-
vascular system, electrocardiography may
be conducted.

Good general condition and physical fit-
ness are very important for the breeding stal-
lion. The condition of a stallion, like that of
the mare, can be classified on a scale of 0-5

(0 emaciated, 5 obese). The optimum body
condition for a stallion in work is 3, that is,
he is well muscled up and in fit working
condition (Fig. 11.19). Stallions in condition
score less than 3 tend to have lower libido
and are physically less able to stand a heavy
workload (Jainudeen and Hafez, 1993). If the
stallion’s condition is very poor, spermatoge-
nesis may also suffer. At the other extreme,
obese stallions also tend to have low libido;
they tend to be lazy and may be incapable of
mounting a mare. In addition, the extra
weight puts additional strain on the mare at
mating and may cause her damage. It is to be
remembered that the nutritional demands
during the breeding season are similar to
those of a performance horse, the workload
of the two being approximately equivalent
(Thompson, 1994; Griffin, 2000). Further
details on stallion nutritional management
are given in Chapter 18.

11.3.5. External examination of the
reproductive tract

An external examination of the stallion’s
reproductive genitalia is an essential selec-
tion procedure, as his ability to perform is
naturally a function of the condition of his

Fig. 11.19. A stallion in good, fit, well-muscled
working condition ready for the breeding season.
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reproductive organs (Griffin, 2000). He
should have two normally functioning
testes, which may be felt through the scro-
tum and palpated to ensure they are of a
similar size and consistency, move easily
within their tunicae and are not warm to the
touch. Occasionally, the left testis is slightly
larger than the right, but the difference is
slight and should not be accompanied by an
increase in heat. The surface of the testis
should feel smooth, with the occasional
blood vessel being felt running under the
skin. Any adhesions preventing the testes
from moving up and down easily within the
tunica are likely to indicate scar or fibrous
tissue due to past injuries. This not only
reduces the volume of functioning testicular
tissue but may also interfere with spermato-
genesis within the remaining tissue. Indeed,
testicular size is a very good indicator of
the spermatozoa-producing capacity of the
stallion and hence his potential workload. As
such, testicular volume has been advocated
as an assessment criterion when selecting for
reproductive potential (Love et al, 1991;
Pickett and Shiner, 1994). Excessive fat
within the scrotum as a result of excessive
body condition will also increase the insu-
lation of the testes, with the danger of
increasing testicular temperature and there-
fore decreasing sperm production.

Malignant or benign growths within the
testes are rare but may be evident (Caron et
al., 1985; Schumacher and Varner, 1993). The
skin of the scrotum should be checked for
dermatitis, which can cause an increase in
testicular temperature. The position of the
epididymis should also be felt. Their normal
position in the non-retracted relaxed testis
is on the cranial (abdominal) side of the
scrotum. Positioning elsewhere may indicate
testes torsion or twist (Hurtgen, 1987;
Threlfall et al., 1990).

The vas deferens leaving the testis, plus
testicular blood and nerve supply, passes up
into the body of the stallion through the
inguinal canal, which should be free from
adhesions and hernias.

The penis and prepuce of the stallion
should also be examined for injury, squa-
mous-cell carcinoma, summer sores, sarcoids

and general infections or injury. Examination
can be carried out at washing prior to semen
collection and should be a routine selection
procedure. Details on VD infections and
penile conditions are given in Chapter 19.

11.3.6. Internal examination of the
reproductive tract

As with the mare, examination of the internal
reproductive tract of the stallion is a skilled
veterinary surgeon’s job. Information given
by internal examination can be indispensable
in assessing the reproductive potential of a
stallion, though internal examination may be
limited by financial implications and the
need for experienced personnel.

Access to the internal parts of the stal-
lion’s reproductive tract is very difficult.
Some appreciation may be gained by rectal
palpation and ultrasound (Little, 1998). Via
rectal palpation, the vas deferens can be felt
entering the body cavity at the inguinal ring
and both, one either side, should feel smooth
and of uniform diameter. Alongside the vas
deferens as they enter the body cavity lies
the spermatic artery, the pulse of which
should also be checked. Very low blood pres-
sure, or a drop between successive examina-
tions, may be indicative of a haemorrhage,
blood clot or tumour or the release of body
fluids into a localized infection site. The
accessory sex glands may also be palpated
individually and their texture, size and
shape assessed. Paired glands, such as the
seminal vesicles, should be checked for
symmetry. Ultrasound may be used to give
an indication of physical abnormalities and
accessory-gland secretory function (Weber
and Woods, 1993). An indication of the
function of the accessory glands may also
be gained by semen evaluation, as will be
discussed in the following section.

11.3.7. Semen evaluation
Semen evaluation is a routine selection proce-

dure. If a stallion is to cover mares through-
out the breeding season with consistent
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success, his semen has to meet various mini-
mum parameters. In many studs, all stallions
routinely have their semen evaluated at the
beginning of each season and if a problem is
suspected. The quality of his semen has a
direct effect on the stallion’s ability to consis-
tently and successfully cover a number of
mares throughout the season (Jasko et al.,
1990a,b, 1991; Gastel et al., 1991; Pickett,
1993a; Parlevliet and Colenbrander, 1999).
Ideally, for an accurate evaluation, samples
should be taken either: (i) one after 3 days’
sexual rest preceded by a double collection
taken 2h and 1h prior to test collection; (ii)
as the last collection of a series of seven daily
collections, preceded by a double collection
taken 2 h and 1h prior to test collection; or
(iii) both collections taken 1h apart after 1
month’s sexual rest (Pickett and Voss, 1972;
Kenney, 1975a; Sullivan and Pickett, 1975;
Swierstra et al., 1975). In most commercial
enterprises/Al programmes, such regimes are
not economically viable, and single sampling,
interpreted with caution, can provide ade-
quate information for most routine practices.

Collection of semen is normally by means
of an artificial vagina. Details of the collec-
tion and evaluation procedures are given in
Chapter 20 and elsewhere (Davies Morel,
1999). The normal parameters for semen are
given in Table 20.3.

11.3.8. Infections

Like the mare, the stallion is susceptible to sex-
ually transmitted diseases and, as such, all stal-
lions should be tested for infections prior to
purchase, either to eliminate them or to allow
treatment to commence prior to their use.

As with the mare, swabs can identify
infections of the genital tract; these are taken
from the urethra, the urethral fossa and the
prepuce of the stallion’s penis. Swabs should
be taken from the erect penis, erection being
encouraged by an oestrous mare or tranquil-
lizers. Three different swabs must be used
and it is best to take the urethral-fossa sam-
ple last, as this one can cause considerable
discomfort and hence objection. Swabs or
cultures of semen samples can also be

assessed. The stallion’s semen and penis
have a natural microflora of bacteria and
fungi and these should be distinguished
from VD pathogens. The most noteworthy
bacteria, classified as VD causers of acute
endometritis, are K. pneumoniae, P. aeruginosa
and T. equigenitalis (Couto and Hughes, 1993;
Parlevliet et al., 1997).

Swabbing is routinely carried out in many
studs on all their stallions well before the
season starts. This allows time, if infections
are identified, for treatment to begin and
take effect before the breeding season.
Further details of infection of the stallion’s
reproductive tract and the effect upon repro-
duction are given in Chapter 19.

11.3.9. Blood sampling

Blood sampling of stallions can be used to
assess their general health and can indicate
low-grade infection, blood loss, cancer,
nutritional deficiencies or parasite burdens.
Details on the information that can be
gathered from blood sampling have been
given in the previous section on the selection
of the mare. Any stallion showing these char-
acteristics should not be considered for use
until the problem has been identified and
appropriate treatment commenced.

Blood samples are rarely used for hor-
mone analysis, since the considerable inter-
stallion variation reduces the accuracy of
such testing to assess potential reproductive
performance (Roser, 1995). The episodic
nature of testosterone release also necessi-
tates a period of sequential blood sampling
from which an average can be taken rather
than a single representative sample. Low
plasma testosterone concentrations have
been associated with low libido and poor
semen quality (Watson, 1997).

11.3.10. Chromosomal abnormalities

Chromosomal abnormalities are well docu-
mented in the mare but less so in the stallion
(Long, 1988). However, conditions such as XX
male syndrome (64XX), chimerism or mosaic
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(64XX: 64XY), Klinefelter’s syndrome (65XXY)
and 13 quarter/deletion (64XY) are associated
with an inability to impregnate mares or very
low fertility rates, despite apparently normal
genitalia (Halnan and Watson, 1982; Halnan et
al., 1982; Bowling et al., 1987; Bowling, 1996).

11.3.11. General stud management

If your selection of a stallion is not for
purchase but rather for use on one of your
mares, you will also be interested in the
management at the stud at which he stands.
There are several things that will concern
most owners selecting a stud to send their
mare to, and these will be discussed in turn.

The system of breeding used is of
prime importance. Is the stud appropriately
equipped for visiting mares or are you
expected to bring the mare for the day, hav-
ing detected yourself that she is in oestrus,
and take her away the same day after cover-
ing? Some studs allow the mares to stay a
few nights but have only limited facilities
and may well expect mares to live out. This
obviously has a bearing on the distance it is
possible to travel. You should also consider
the method of covering, varying from pas-
ture breeding to intensive in-hand breeding.
The various methods used are discussed in
detail in Chapter 13. Some studs will expect
the mare to be taken home as soon as she has
been covered; others will allow her to stay
for re-covering if necessary and will only
allow her home after a positive pregnancy
diagnosis at scanning and/or rectal palpa-
tion, usually 2-4 weeks post-mating.

Many of the smaller native-pony-type
studs do not have the facilities to foal down
visiting mares, necessitating mares to be
brought to stud very soon after foaling. This
can be traumatic and dangerous for the foal
and precludes using a stud that is too far
away. Larger studs tend to have the mares
brought in to foal, normally 4-6 weeks prior
to foaling. This allows the mare to be cov-
ered on her foal heat without the danger of
transporting a young foal.

The daily management at the stud should
also be investigated and matched as closely

as possible to the mare’s normal routine. If
not, her routine at home should be slowly
altered to that at the stud to minimize the
stress of change. All animals on the stud
should be wormed regularly and vaccinated,
and documented proof of adequate protection
is usually required of all visiting mares. At the
more intensive studs, mares standing to valu-
able stallions will also require negative certifi-
cates to a variety of VD bacteria (Horse Race
Betting Levy Board, 2001).

A good impression of the standard of
management of a yard can be gained by a
general visit. The yard, whatever system in
use, should be clean and tidy, all the mares
and stallions should be in good condition, the
pasture well tendered and the animals con-
tented. If the mare is to foal there, the foaling
facilities should be clean, safe and roomy,
with a good system for 24 h monitoring by
skilled staff. The facilities of the yard and the
equipment and expertise available will reflect
the type of stallion and his nomination fee.

The system that you choose is ultimately
a personal choice, depending on your priori-
ties and the finances available. The more
intensive systems tend to be associated with
the Thoroughbred industry, where expense
is of less concern but hygiene and protection
of valuable stock are of paramount impor-
tance. In such intensive systems, mares are
taken to the stud to foal, are subsequently
covered and possibly re-covered and remain
at stud until pregnancy is confirmed, often at
days 12 and 25. In such systems, the service
fees are high and the costs of keep and vet-
erinary attention are great, but this is offset
by the value of the offspring and the risks
are lower. At the other end of the spectrum,
native studs will serve a mare that arrives in
their yard and within half an hour she can be
on her way home. In such systems, stallion
fees are low, as are costs, but the offspring is
often of low value and the risks are higher.

Further details on the management sys-
tems and principles for both the mare and
stallion at breeding are given in the following
chapters, Chapters 12-19. When examining
potential studs it is as well to bear in mind
that the ideal is not normally achieved. It is
unrealistic to expect a yard standing a cheaper
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stallion, with stud fees of £50—£100, to have
the facilities found in a Thoroughbred stud
standing stallions with nomination fees up to
£50,000.

11.4. Conclusion

If more attention were paid to assessment
and selection of breeding stock on the basis

of reproductive competence, significant
amounts of money, time and effort would be
saved in trying to breed from subfertile or
infertile stock. Failure to select fertile stock
not only leads to suffering for the mare and
stallion, but also frustration for all.
Additionally, many problems are inherited
and so will be perpetuated in subsequent
generations, to the detriment of the equine
population as a whole.
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12.1. Introduction

It is essential that preparation of the mare
and stallion starts in plenty of time prior to
covering. It is of no use making a last-minute
decision that you wish to put a mare in foal
or stand a stallion at stud and then wonder-

ing why she does not hold or your return
rates are high. A preparation time of at least
6 months is required in order to maximize
the chance of conception. This chapter will
concentrate mainly on this period, with some
reference to any earlier preparation that may
be required.
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12.2. Preparation of the Barren and
Maiden Mare

If a mare is destined to be a brood mare, then
she must be brought up with this aim in
mind, with close monitoring of her general
condition and growth. Horses normally
reach puberty at 1.5-3 years of age, depend-
ing on the breed and their nutritional status
in early life. If you are considering breeding
a mare at or near puberty, before she has
reached her full mature size, then her stage
of development and her general condition
are of utmost importance. Breeding before
attainment of mature body size places on the
mare the additional burden of pregnancy as
well as that of her own continued growth
and development. Providing she is well
grown and in good body condition, she
should be able to cope with such additional
demands, but this must be borne in mind
when considering her management through
pregnancy, especially that of nutrition.

Today, many horses, both mares and stal-
lions, are bred for the first time relatively late
in life, having already had a successful per-
formance career, on the basis of which they
have been chosen for breeding. In such cases,
both mares and stallions are older and more
set in their ways and have been managed to
date as athletes, not breeding stock (Fig. 12.1).

1 I L e

Performance horses must be allowed
plenty of time to unwind both physically and
psychologically. This should start during the
autumn prior to the planned covering, during
which time workloads should be slowly
reduced to a maintenance level. This is usually
adequate for most horses, though much varia-
tion is evident between individuals, and some
may take as long as 18 months to adjust.
Intensive training is detrimental to reproduc-
tion in all mammals; this can be clearly
demonstrated in women athletes, who regu-
larly fail to ovulate. Mares in peak athletic
condition will characteristically demonstrate
abnormal oestrous cycles, often showing
delayed oestrus, silent heats and oestrous
behaviour not accompanied by ovulation.
However, given a long enough adjustment
period, a mare should start showing regular
oestrous cycles and can be successfully mated.

Careful attention should also be given to
the mare’s nutrition and, related to that, her
exercise. Mares should be in good, not fat,
body condition at covering. The body-condi-
tion score to aim for at mating is 3 (on a scale
0-5). In addition, as indicated in Chapter 11, it
is generally believed that in maiden and bar-
ren mares better conception rates are obtained
if they are on a rising plane of nutrition, in
particular increasing energy, in the last 4-6
weeks prior to covering; this is termed flush-

Fig. 12.1. Many successful stallions are currently or have been performance horses. As such, they need
careful management in order to perform well at both jobs.
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ing (Van Niekerk and Van Heerden, 1972;
Kubiak et al., 1987; Morris et al., 1987).
Flushing of barren mares has also been
reported to advance the start of the breeding
season by as much as 30 days (Fig. 12.2; J.
Newcombe, Wales, 2001, personal communi-
cation). The best regime is to ensure that the
mare is in condition score 2-3 in the autumn
prior to covering. As the season approaches,
her energy intake can be gradually increased
by replacing some of her roughage intake with
concentrates in the last 4-6 weeks (Hintz,
1993a; Guerin and Wang, 1994; Frape, 1998).

If the mare is young, it may also be perti-
nent to supplement her diet during this
period with protein, calcium, phosphorus
and vitamin A. Requirements for these ele-
ments are higher in young maiden mares
than in mature mares.

Exercise is also important, helping to
maintain body condition and prevent obe-
sity. Gentle riding or hacking out provides a
good form of exercise for barren mares dur-
ing the preparation period (Fig. 12.3). All
mares should be turned out daily and ideally
barren mares, especially those not broken,

Fig. 12.2. Mares being flushed on lush pasture prior to mating in order to encourage optimum fertilization

rates.

i a1

Fig. 12.3. Gentle riding provides ideal exercise for barren mares, in order to keep them fit for covering
and any resultant pregnancy.
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would live out except in the most inclement
weather, thus providing them with ad libitum
exercise (Fig. 12.4).

A period of 6 months’ preparation also
allows time for a mare to be tested for infec-
tion, the appropriate treatment to be given
and full recovery to occur. Any damage due
to old infections can be investigated and
either assisted in its repair or the mare dis-
carded from the breeding scheme. If she is of
sufficient genetic merit, the possibility of
embryo transfer (ET) can be investigated and
necessary arrangements made. All barren
mares, especially maidens, should be intro-
duced to new handling systems, buildings
and surroundings associated with breeding
during this period. This is of particular
importance with ex-performance mares,
which are usually moved or sold in readi-
ness for their new career. Familiarization
with management practices associated with
breeding, such as restraint in stocks, rectal
palpation, ultrasonic scanning, teasing, etc.,
should also be ensured prior to covering.
Old-timers need only to be reintroduced a
few weeks before the season starts. Any
changes in diet must be introduced gradu-
ally and also the introduction of new com-
panions should be done early enough to
allow a settling down period. Providing all
changes are made gradually and in good

time, stress at covering can be minimized, so
maximizing reproductive success.

12.3. Preparation of the Pregnant
Mare

Care must also be taken in the preparation of
the pregnant mare for re-covering the fol-
lowing spring. However, the presence of a
pregnancy limits to a large extent how she
can be managed. One advantage with a
pregnant mare is that she has seen it all
before, at least in the previous year, and no
psychological and physiological adjustment
is required. However, a careful eye should be
kept on her condition in order to prevent
obesity. Once a pregnant mare is overweight,
it is very difficult to rectify, especially in late
pregnancy, without endangering the fetus.
Prevention is therefore much better than cure
and it is essential that the mare is in a fit con-
dition prior to initial covering and that con-
dition 3 is maintained throughout pregnancy
and into her next covering. Flushing of preg-
nant mares is not advised and has no effect
or possibly a detrimental effect on concep-
tion rates to the foal heat (Frape, 1998). If
there is a reasonable period of time between
foaling and re-covering, this can be used to
try and adjust body condition, but care must

keep fit (Penpontbren Welsh Cob Stud).
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be taken, as alteration in nutrition will affect
milk yield and hence the foal at foot. There is
conflicting evidence with regard to the effect
of nutrition during late pregnancy and
between parturition and foal heat or subse-
quent conception rates (Henneke et al., 1981;
Jordan, 1982). However, it is generally
accepted that a condition score of 3 is ideal
during this period and that mares should be
fed well in lactation to stimulate fertility
(Frape, 1998).

Exercise is an important aid in maintain-
ing a body condition of 3 in the pregnant
mare. Pregnant mares can normally be safely
ridden up to the sixth month of pregnancy;
but this depends on the individual. By the
sixth month, all strenuous work must be
excluded. Mares that are not broken and
those in late pregnancy should be turned out
every day to help maintain fitness and blood
circulation and prevent boredom. In an ideal
world, mares would live out with plenty of
opportunity to exercise: such systems are
popular in temperate latitudes without the
risk of adverse weather. Exercise not only
helps to prevent obesity but also maintains
the mare’s fitness and muscle tone, both of
which will be needed at and after parturition.

12.4. Preparation of the Stallion

If a colt is destined to become a working stal-
lion, he must be brought up during his early
life with this aim in mind, especially with
regard to discipline. Many stallions become
hard to handle and, in some cases, down-
right dangerous, because discipline and
respect for authority have not been estab-
lished in early life.

Most of the problems encountered in stal-
lions previously used as performance horses
are behavioural abnormalities. They will
have had several years during which they
will have been actively discouraged from
displaying any sexual behaviour. As a result,
they may be severely inhibited at their first
sight of an oestrous mare, anticipating pun-
ishment. They will often find it hard to revert
to natural stallion behaviour and need vary-
ing amounts of time to adjust to their new

career. Many stallions take a few seasons to
completely adjust and some never really do
achieve complete adjustment. A stallion’s
libido may also be affected, and such
stallions may, as a result, always prove to be
slow to react to an oestrous mare and show
clumsy mounting behaviour.

As well as their psychological adjustment,
attention should be paid to a stallion’s nutri-
tion and exercise during this preparation
period. He must be fit, not fat. A heavy cov-
ering season places significant demands on
the stallion, especially in terms of energy,
and he will often lose condition over the sea-
son. This loss in condition is minimized if
the stallion’s energy intake is increased by
increasing the concentrate proportion of his
diet and if he is fit and in a body condition
score 3 as the season commences (Fig. 12.5).
Both excess and low body weight reduces a
stallion’s libido. Exercise helps a stallion
maintain good condition, preventing obesity
and maintaining muscle tone and stamina.
Stallions have a tendency to become obese,
as they are regularly kept individually in sta-
bles or paddocks away from each other and
mares. In natural conditions, they would of
course be free to exercise at will.

If stallions are badly behaved, it is tempt-
ing to keep them confined, with only limited
turnout. This perpetuates the problem and
accentuates any misbehaviour due to bore-
dom. Some stallions can be safely ridden,
providing an excellent form of exercise, as
well as good discipline (Fig. 12.6). In the less
intensive studs, usually where stock is less
valuable, some quiet stallions are turned out
in July at the end of the season with either
their mothers, an old mare or other quiet
mares. They can then be brought back into
riding work and possibly hunted over the
winter. This system allows a rest period after
the season, followed by a fitness regime
prior to the start of the next season. It also
provides them with another purpose in life,
which greatly helps discipline.

At least four weeks prior to his first mare,
the stallion should be brought into the stud
environment. He should then be introduced
or reintroduced to the yard, handling systems,
buildings, surroundings and especially the



136

Chapter 12

Fig. 12.5. A stallion should be in a fit, not fat, condition — that is, condition score 3 at the beginning of the

breeding season (Penpontbren Welsh Cob Stud).

Fig. 12.6. Riding provides an excellent form of exercise, as well as good discipline.

covering area in plenty of time to allow famil-
iarization prior to the first covering. Any
changes in diet should be introduced slowly,
before the season starts, along with any new
companions. Further details regarding stal-
lion management are given in Chapter 18.

12.5. General Aspects of
Reproduction

Many performance horses have been on vari-
ous drug regimes during their performance

lifetime. Plenty of time must be allowed for
the body to eliminate these drugs from the
system. Corticosteroids, used as anti-inflam-
matory drugs for the treatment of various
injuries, can have serious detrimental effects
on reproductive performance in both stal-
lions and mares. They can also impair the
body’s ability to fight infection, which is of
particular significance in the mare. The use
of anabolic steroids to boost muscle develop-
ment and hence performance also has severe
detrimental effects on reproductive perfor-
mance and these should be eliminated from
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the animal’s system well in advance of the
breeding season (Shoemaker et al., 1989).

Many breed societies recommend and, in
some cases, require that all mares and stal-
lions should be swabbed prior to covering.
Infections of the reproductive tract are a
major cause of infertility. Many studs, espe-
cially in the Thoroughbred industry, require
all mares being covered to hold a current
negative certificate to a number of venereal-
disease bacteria and viruses (Klebsiella pneu-
moniae, Pseudomonas aeruginosa, Taylorella
equigenitalis, equine herpesvirus, equine viral
arteritis) prior to arriving at the stud.
Swabbing to identify bacteria may also be
required again at the oestrus of covering.
Stallions may also be required to be swabbed
to test for venereal diseases prior to each
season and also during the season if in-
fection is suspected (Crowhurst et al., 1979;
Ricketts et al., 1993; Horse Race Betting Levy
Board, 2001). Further details on venereal
diseases are given in Chapter 19.

12.6. Manipulation of the Oestrous
Cycle in the Mare

As the majority of equine matings are today
influenced by humans, we have therefore,
attempted to control the timing of covering
to our advantage. There are several methods
by which the timing of mating can be
manipulated: first, by altering the beginning
of the season; and, second, by manipulating
the timing of the mare’s oestrus and ovula-
tion within that season.

12.6.1. Advancing the breeding season

The horse is classified as a long-day breeder,
with a breeding season extending on average
from April to November in the northern
hemisphere and October to May in the
southern hemisphere (Chapter 3). The
Thoroughbred industry and, increasingly,
other breed societies register the birth of all
foals on 1 January (northern hemisphere) or
1 July (southern hemisphere), regardless of
their actual birth date. It is therefore desir-

able, in order to achieve maximum advan-
tage in the racing industry, to ensure that
mares foal as soon after 1 January as possi-
ble. As the mare has an 11-month gestation,
mares need to be covered at the beginning of
February. Hence the arbitrary covering sea-
son in Thoroughbreds in the northern hemi-
sphere runs from 15 February to 1 July and
in the southern hemisphere from 15 August
to 31 December. Other breed societies also
have similar arbitrary breeding seasons.
Even in societies that do not stick to set
breeding seasons, it is an advantage to have
foals born as early as possible in the year in
order to maximize their size during the
showing and event season and enhance their
chances of success.

The existence of an arbitrary breeding
season that does not correspond to the nat-
ural one is a major limiting factor in breed-
ing mares. Manipulation of the mare’s
breeding cycle is required to advance the
timing of oestrus and ovulation in order to
accommodate these artificial limits. There are
several means by which the breeding season
in the mare may be advanced. These include
the use of light and hormone therapy, or a
combination of the two.

12.6.1.1. Light treatment

In a population of intensively managed
mares, only 10% will voluntarily show
oestrus and ovulation during the non-breed-
ing season. This figure is much lower for
extensively managed feral populations.
Artificial manipulation of light, along with
nutrition and temperature, will significantly
increase this percentage. Of these three envi-
ronmental factors, manipulation of light is
the most successful (Meyers, 1997).

Light treatment of mares to advance the
breeding season was first pioneered by
Burkhardt (1947), with later work by
Kooistra and Ginther (1975) among others.
Mares can be introduced to a 16 h light:8 h
dark regime either suddenly or gradually.
Light can be delivered by means of a 200-
watt incandescent source per 4m X 4m
loose box, or equivalent. A slightly lower-
watt light source may be used if the stables
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are lined by reflective material. Light treat-
ment can be started any time from early
November onwards, but it is essential that
the mare experiences an initial autumnal
reduction in day length prior to light manip-
ulation. Commencement of light treatment
early in December will result in coat loss
within 4 weeks, followed by ovarian activity
normally 2-4 weeks later. The season may be
advanced by up to 3 months, but there is
considerable individual variation (Kooistra
and Loy, 1968; Kooistra and Ginther, 1975;
Oxender et al., 1977; J. Newcombe, Wales,
2001, personal communication). In general,
the earlier in the year light treatment begins,
the longer the time interval to oestrus and
ovulation. Light treatment from early
December is often chosen, as it results in
ovarian activity during early February. More
recent work suggests that a window of 1 h
light 8 h after dusk would suffice, resulting
in the same effect as 16 h light (Scraba and
Ginther, 1985). However, in practice, as the
timing of dusk varies, it is easier to adminis-
ter a 16 h block of light.

The effects of light manipulation may be
enhanced by increases in ambient tempera-
ture and nutritional levels, both of which are
also associated with spring. However, the
relatively minor effect that temperature and
nutrition have on advancing the season
mean that their use beyond that of rugging
up mares and increasing their energy intake
is not justified (Allen, 1978; Meyers, 1997).
Although light treatment is successful in
advancing the season, the timing of response
in a group of mares is very variable. In an
attempt to reduce this variation between
mares, hormone treatment was investigated.

12.6.1.2. Exogenous hormonal treatment

The use of exogenous hormones to induce
out-of-season breeding is very successful in
anoestrous ewes and, as such, is a useful
management tool. Unfortunately, the anoe-
strous mare’s ovary appears relatively insen-
sitive to exogenous hormone therapy.
Treatment with pregnant mare serum
gonadotrophin, human chorionic gonado-
trophin (hCG) or follicle-stimulating hormone

(FSH) by single or multiple injection, as used
in other livestock, results in little if any
response. However, natural crude equine
pituitary extract, if injected daily over a
period of 2 weeks, does induce oestrus out of
season (Douglas et al, 1974; Lapin and
Ginther, 1977). Such a long period of treat-
ment is required as the mare’s ovary appar-
ently requires a prolonged period of
gonadotrophin stimulation in order to ade-
quately develop follicles so that they can
react to an ovulating agent (see Chapter 3).
Short-term treatments will not develop folli-
cles to an adequate stage to allow them to
react to any ovulation stimulus.

The use of gonadotrophin-releasing hor-
mone (GnRH), naturally responsible for
inducing FSH and luteinizing hormone (LH)
production by the pituitary, has also been
investigated. Both GnRH infusion, via mini
pumps or subcutaneous implants, and injec-
tion over a period of time have been
reported to give some success (Hyland et al.,
1987; Johnson 1987a; Hyland and Jeffcote,
1988; Palmer and Quelier, 1988; Ainsworth
and Hyland, 1991; Harrison et al., 1991;
Mumford et al., 1994). Further development
of the use of GnRH involved its inclusion in
a hormone regime in an attempt to mimic
the natural concentrations of FSH, LH and
progesterone in the normal oestrous cycle. A
single injection of GnRH is followed by daily
injections of progesterone for 8 days. This
regime is repeated twice more to give three
artificial cycles. This treatment, though not
effective in mares in deep anoestrus, is rea-
sonably successful in the transitional stage
from anoestrus to the breeding season
(Evans and Irvine 1976, 1977, 1979).

12.6.1.2.1. PROGESTERONE. ~Progesterone has
been used to induce oestrus and ovulation in
anoestrous mares, but it also seems only to
be effective in the transition period. It is
known that it is the decline in progesterone
prior to ovulation that encourages LH and
FSH release, so finally maturing and ovulat-
ing follicles. Without this progesterone
decline, the reaction in terms of the concen-
tration of LH and FSH released is limited
and therefore ovulation does not occur or it



Preparation of the Mare and Stallion for Covering

139

occurs in the absence of oestrus. The resulting
corpus luteum (CL) of any such ovulation is
often incompetent, and only after the second
ovulation of the season are acceptable concep-
tion rates achieved. Therefore, if progesterone
is artificially administered and then with-
drawn, it mimics the natural decline in prog-
esterone and helps induce the normal increase
in LH and FSH required for ovulation and
results in a competent CL (Freedman et al.,
1979). Ovulation accompanied by oestrus will
occur within 7-10 days after the cessation of a
10-12-day progesterone treatment period.
Progesterone is commonly used in the
management of breeding mares. Tradi-
tionally, it was administered as a progesta-
gen (Altrenogest) either orally (Regumate) or
via intramuscular injection. More recently, it
has been available for administration via a
progesterone-releasing intravaginal device
(PRID) (Rutten et al.,, 1986), a controlled
internal  drug-releasing device (CIDR)
(Lubbeke et al., 1994), sponges (Dinger et al.,
1981) or Cu-mate, all of which are impreg-
nated with progesterone, rather than prog-
estagen, and placed within the mare’s vagina
for the duration of the treatment. Oestrus
and ovulation after removal of PRID, CIDR
and Cu-mate are reported to be quicker than
after Regumate or injection, by virtue of the
fact that the progesterone within PRID,
CIDR and Cu-mate allows folliculogenesis to
continue. Additionally, the resulting elevated
systemic progesterone levels decline over the
later part of the treatment period, as the
finite amount of progesterone within the
devices is absorbed, further ensuring signifi-
cant follicle development prior to their
removal. The interval from the end of treat-
ment to oestrus and ovulation is reported to
be 2—4 days for PRID and CIDR, compared
with 8-10 days for Regumate (Squires,
1993a,c; Arbeiter et al., 1994; Newcombe and
Wilson, 1997; J. Newcombe, Wales, 2002, per-
sonal communication). Additionally, prog-
estagen appears to depress follicular activity,
which can only resume after the end of treat-
ment, hence resulting in a longer interval to
oestrus and ovulation. Intravaginal sponges,
PRID and CIDR have the advantage of being
labour-saving, being required only to be

inserted and removed. They also ensure that
a standard dose is administered. However,
they can be lost and can cause vaginitis,
which, though of no real consequence to con-
ception, looks unsightly. In common with
these, the advantage of injection is that you
can be assured that each mare has received
her allotted dose. However, it is more expen-
sive, especially when you consider the costs
of the veterinary attendance, now required
by law in the UK for the administration of
injections to horses. Oral administration has
the advantage that no vet is required, but
some mares may refuse to take the feed in
which it is mixed. If only part of the food is
eaten, it is impossible to know how much
progestagen has been taken. Furthermore, all
mares have to be fed individually. While
considering the use of progesterone, it is
worth noting that progesterone use has been
associated with a decrease in neutrophil pro-
duction in response to a bacterial challenge.
This may well be significant in mares with
poor perineal conformation or a history of
uterine infections.

12.6.1.2.2. PROSTAGLANDINS. A further alter-
native for use in late anoestrous mares is
prostaglandin F, (PGF, ), administered in a
series of two or three injections at 48 h inter-
vals. PGF,  is luteolytic in nature — that is, it
destroys the CL and terminates the luteal
phase of the cycle. In the natural cycle, in the
absence of a pregnancy, prostaglandin is pro-
duced at a specific time (12-14 days) after
ovulation. As such, it both marks and causes
the termination of the luteal phase and the
commencement of the endogenous hormone
changes associated with oestrus and ovula-
tion (Allen and Rowson, 1973; Loy et al.,
1979; Neely et al., 1979; Cooper, 1981; Savage
and Liptrap, 1987; see Chapter 3). It is this
association with the termination of one cycle
and commencement of the next that is
exploited in this treatment. Ovulation has
been reported in 73% of mares treated in this
way (Jochle et al., 1987).

Prostaglandin use does have some side-
effects, largely relating to the ability of
prostaglandin to activate smooth muscle. Its
use may therefore be linked to increased
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gastrointestinal activity, manifested as diar-
rhoea, sweating and possibly slight caudal
ataxia (Le Blanc, 1995). These side effects vary
with the analogue used and the individual
mare; however, providing the recommended
dose rate is not exceeded, they are not serious.

12.6.1.3. Combination treatments

A combination of light treatment and hor-
mone therapy has been used and gives
encouraging results. As indicated previously,
many hormone treatments, though more
successful at timing oestrus and ovulation
than light treatment, only work when used
during the transition phase. Light therapy
can therefore be used to advance mares into
the transition period; exogenous hormones
can then be used to time oestrus and ovula-
tion more precisely. Progesterone alone plus
light treatment can be successful. Light treat-
ment (16 h light and 8 h dark) should be
introduced during November/December (or
May/June in the southern hemisphere), fol-
lowed by progesterone for a period of 10-15
days from early to mid-January (July)
onwards (Palmer, 1979; Squires et al., 1979a;
Heeseman et al., 1980; Scheffrahn et al., 1980).
The exact timing of the progesterone treat-
ment depends on when covering is planned
and when light treatment is commenced.
Some of the best and most consistent
results have been obtained using a similar
regime but with the addition of PGF,_: 16 h
light and 8 h dark for 6-8 weeks, followed by
10 days’ progesterone treatment; PGF,, is

then administered on day 10 to induce lute-
olysis of any naturally occurring CL. It is
reported that up to 82% of mares ovulated
within 9-16 days of treatment and achieved
a conception rate of 65% (Bristol, 1986). Table
12.1 gives an example of such a regime.

Though there are very many ways, in the-
ory, of advancing the breeding season in the
mare, most are too expensive and time-con-
suming to make them commercially viable
and they often achieve unreliable results. In
practice, most commercial studs just use
light treatment, possibly supplemented by
progesterone.

12.6.2. Synchronization of oestrus

In addition to advancing the breeding sea-
son, there are many other reasons for manip-
ulating the timing of oestrus — mainly to ease
mare management. In many countries of the
world, e.g. South America and the USA,
mares are run in large herds that roam over
vast tracts of land. In such systems, handling
needs to be kept to a minimum. It would
therefore be ideal if mares could all be
treated in batches right through from con-
ception to birth and foal rearing. In order for
this to be successful, a reliable and exact
method of timing ovulation and oestrus is
required. Such treatment also alleviates the
need for teasing, rectal palpation, scanning,
etc. and would be most useful in conjunction
with artificial insemination (AI). Such treat-
ment would also allow the ovulation and

Table 12.1. The advancement of oestrus and ovulation in the
mare, using light treatment and progesterone supplementation.
Al, artificial insemination. (NB: Considerable variation in the
individual mare’s response may be observed.)

Time Drug to be administered/Event
Day 0 (15 Dec) Light treatment commenced

16 h light: 8 h dark
Day 28 (12 Jan) Coat loss in mare may be apparent
Day 42 (26 Jan) Ovarian activity may be apparent
Day 43 (27 Jan) Progesterone treatment started
Day 55 (8 Feb) Progesterone treatment stopped

Day 60+ (13 Feb)
Day 62+ (15 Feb)

Oestrus commences
Ovulation may occur — covering/Al
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oestrus of a single mare to be timed, again to
ease her management but specifically useful
for Al and ET.

12.6.2.1. Progesterone

Progesterone supplementation and subse-
quent withdrawal may be used to time
oestrus and ovulation. The use of proges-
terone or one of its analogues works on the
principle of imitating the mare’s natural
dioestrous or luteal phase. This is achieved
by mimicking the natural progesterone pro-
duction through the administration of exoge-
nous progestagens. Termination of this
artificial luteal state, achieved by the cessa-
tion of treatment, acts like the end of the nat-
ural luteal phase and so induces the changes
in the mare’s endogenous hormones respon-
sible for oestrus and ovulation (Bristol, 1993).

Within 2-3 days of progesterone supple-
mentation, a mare will normally cease all
oestrous activity, which will remain sup-
pressed until treatment is terminated (Loy
and Swann, 1966). After 15 days’ treatment,
oestrous behaviour is apparent at 3-7 days
and ovulation at 8-15 days after progesterone
withdrawal (Table 12.2; Van Niekerk et al.,
1973; Squires et al., 1983a). Conception rates
are comparable to those associated with natu-
rally occurring oestrus (Van Niekerk et al.,
1973; Squires et al., 1979a, 1983a).

Traditionally, long periods of proges-
terone supplementation were used, up to 20
days: though oestrus was suppressed, ovula-
tion did occasionally occur during treatment.
Hence, the timing of ovulation was not that
successful (Loy and Swann, 1966).

Shorter periods of progesterone supple-
mentation are now being used. As the period
of progesterone supplementation may not be
long enough to ensure that the natural CL
has regressed, a combination of progesterone
supplementation and prostaglandin treat-
ment is used. This is discussed in the follow-
ing section.

12.6.2.2. Prostaglandins

PGF,, (Prostin F2 Alpha and Dinopro-
stromethamine 5) or one of its analogues
(Alfa prostol fluprostenol, prostalene or
frenprostalene) provides a successful means
of timing oestrus and ovulation in the mare
(Bristol, 1987; Le Blanc, 1995). As discussed
previously, PGF, both marks and causes
the termination of the luteal phase and the
commencement of the endogenous hor-
mone changes associated with oestrus and
ovulation (Allen and Rowson, 1973; Loy
et al., 1979; Neely et al., 1979; Cooper, 1981;
Savage and Liptrap, 1987; Bristol, 1993; see
Chapter 3). As such, administration of
exogenous prostaglandins, providing it is
within certain time limits within the luteal
phase, allows its termination to be con-
trolled and, with it, the timing of oestrus
and ovulation.

The success of prostaglandin in timing
oestrus in the mare is variable and depends
upon the stage of the cycle. The CL of most
mares is refractory to prostaglandin treat-
ment prior to day 5 (Douglas and Ginther,
1972; Loy et al., 1979). A good response is
normally obtained when treatment is given
between days 6 and 9 (Loy et al., 1979). To be

Table 12.2. The timing of oestrus and ovulation in the mare, using
progesterone supplementation. PRID, progesterone-releasing intravaginal
device; i.m., intramuscular; Al, artificial insemination. (NB: Considerable
variation in the individual mare’s response may be observed.)

Time

Drug to be administered/Event

Day 0—16

Progesterone supplementation

(intravaginal sponges or PRID,
i.m. injection or oral administration)

Day 19 onwards Oestrus

Day 21 onwards

Ovulation may occur — covering/Al
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successful, the treatment must not only
terminate the luteal phase but also induce
ovulation. Considerable variation exists
between the time of prostaglandin treatment
and ovulation; a range of 24 h to 10 days is
reported (Loy et al., 1979). The time interval
is determined by the stage of follicular
development at treatment. Follicles at 4 cm
in diameter or greater ovulate on average
within 6 days, though again considerable
variation is reported. If the follicle ovulates
within 72 h, it is often accompanied by an
abbreviated oestrus or no oestrus at all.
Occasionally, when a large follicle is present,
prostaglandin treatment results in the
regression of that follicle and the develop-
ment and subsequent ovulation of another
follicle; hence there is a longer time interval
between treatment and ovulation (longer
than 8 days) (Loy et al., 1979). The most con-
sistent results are obtained when treating
mares earlier in the cycle, with small folli-
cles (less than 4 cm in diameter) as less vari-
ation exists and the interval to ovulation is,
on average, 6 days (Table 12.3).

The previously described use of
prostaglandin relies upon a single injection,
the major disadvantage of which is that the
stage of the mare’s oestrous cycle must be

known. In smaller intensive studs, where
individual mares are monitored, this may
present no problems. However, in large
groups of mares, kept in herd situations, or
in mares whose stage of the oestrous cycle is
unknown, a double injection of prosta-
glandin is required (Hyland and Bristol,
1979). These two prostaglandin injections
need to be administered 14—18 days apart
(Table 12.4).

The timing of the onset of oestrus with
such a treatment is quite successful; 60% of
mares are reported to commence oestrus
within 4 days of the second injection and
92% show oestrus within 6 days (Hyland
and Bristol, 1979; Voss et al., 1979; Squires, et
al., 1981a; Squires, 1993a,c). Nevertheless, the
synchrony and timing of ovulation are still
very variable. Ovulation may occur any-
where between 2 and 12 days after the
second injection.

12.6.2.3. Human chorionic gonadotrophin

Further refinement of these protocols
includes the use of hCG, a human placental
gonadotrophin with LH- and FSH-like prop-
erties. As such, it enhances and supplements
the natural release of gonadotrophins, which

Table 12.3. The timing of oestrus and ovulation in the mare,
using a single injection of prostaglandin. Al, artificial
insemination. (NB: Considerable variation in the individual
mare’s response may be observed.)

Time Drug to be administered/Event
Day 0 Oestrus

Day 7 Prostaglandin

Day 9 Oestrus commences

Day 11 Ovulation may occur — covering/Al

Table 12.4. The timing of oestrus and ovulation in the mare,
using two injections of prostaglandin. Al, artificial insemination.
(NB: Considerable variation in the individual mare’s response

may be observed.)

Time Drug to be administered/Event
Day 0 Prostaglandin

Day 16 Prostaglandin

Day 20 Oestrus commences

Day 22 Ovulation may occur — covering/Al
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drive follicular development and, more
specifically, ovulation. Its use is advocated to
hasten ovulation and reduce the duration of
oestrus (Table 12.5; Voss et al., 1975; Harrison
etal., 1991).

Several timings for the injection of hCG
have been advocated, most of them
between 4 and 6 days after the second
prostaglandin injection (Douglas and
Ginther, 1972; Palmer and Jousset, 1975;
Hyland and Bristol, 1979; Voss et al., 1979;
Bristol, 1981; Squires et al., 1981a). Palmer
and Jousset (1975) reported that 75.8% of
mares ovulated within 72 h of an hCG
injection, which was given 6 days after the
second prostaglandin injection. Yurdaydin
et al. (1993) achieved similar success using
hCG on day 5 post prostaglandin. When
used on day 8 after the PGF, injection,
oestrous synchronization rates of 90% have
been reported (Holtan et al., 1977). Other
work, however, has demonstrated a more
variable response or no significant
improvement with the use of hCG (Holtan

et al., 1977; Squires et al., 1981a). It has been
advocated that hCG be used twice, on day
7 (7 days after the first PGF, ) and on day
21 (7 days after the second PGF, _ injection)
(Table 12.6). The aim of this is to encourage
the development of a competent CL from
the first prostaglandin injection, which
would then react with less variation to the
second prostaglandin injection. This regime
is reported to result in up to 95%
of mares ovulating on either day 22 or 23
(Allen et al., 1974; Palmer and Jousset, 1975;
Voss, 1993).

Though reasonably successful in induc-
ing ovulation, hCG has a major disadvan-
tage. With repeated administration mares
are reported to develop antibodies to and
therefore may become refractory to hCG
(Roger et al., 1979; Wilson et al., 1990),
though this effect is not reported to be a
problem by some (J. Newcombe, Wales,
2001, personal communication). GnRH and
its analogues have been advocated for use
in its place.

Table 12.5. The timing of oestrus and ovulation in the mare,
using two injections of prostaglandin and a single injection of
human chorionic gonadotrophin (hCG). Al, artificial
insemination. (NB: Considerable variation in the individual
mare’s response may be observed.)

Time Drug to be administered/Event
Day 0 Prostaglandin

Day 15 Prostaglandin

Day 19 Oestrus commences

Day 20 hCG

Day 21 Ovulation may occur — covering/Al

Table 12.6. The timing of oestrus and ovulation in the mare,
using two injections of prostaglandin and two injections of
human chorionic gonadotrophin (hCG). Al, artificial
insemination. (NB: Considerable variation in the individual
mare’s response may be observed.)

Time Drug to be administered/Event
Day 0 Prostaglandin

Day 7 hCG

Day 14 Prostaglandin

Day 18 Oestrus commences

Day 21 hCG

Day 22

Ovulation may occur — covering/Al
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12.6.2.4. Gonadotrophin-releasing hormone

GnRH acts to stimulate the natural release of
LH and FSH from the anterior pituitary. As
such, its administration as a series of multi-
ple injections (four at 12 h intervals) or via a
subcutaneous implant has been demon-
strated to significantly advance the onset of
ovulation in mares with follicles greater than
3 cm in diameter (Table 12.7).

Success rates of 88-100% of mares ovulat-
ing within 48 h of treatment (with deslorelin)
have been reported (Johnson, 1986b; Harrison
et al., 1991; Meinert et al., 1993; Jochle and
Trigg, 1994; Mumford et al., 1995). It has been
suggested that GnRH may be more successful
than hCG in inducing ovulation in larger,
thicker-walled follicles. GnRH also does not
have the disadvantage of inducing refractori-
ness of response due to antibody formation
(Mumford et al., 1995). However, much of the
work done to date on using GnRH has been in
mares during their natural oestrous period,
rather than with a synchronized oestrous
regime. The limited work done on using
GnRH with prostaglandin to time oestrus and
ovulation has suggested that there is no signif-
icant change in the timing of ovulation as a
result of treatment, compared with the use of
prostaglandin alone (Voss et al., 1979; Booth et
al., 1980; Squires et al., 1981a). Therefore,
though the regime suggested in Table 12.7
would be feasible, it is yet to be proved that it
is a significant improvement on other regimes.

12.6.2.5. Combination treatments

Several combination treatments are used,
some of which have already been mentioned.

The two most commonly used and of current
interest, progesterone and prostaglandin and
progesterone and oestradiol, are specifically
discussed in the following sections.

12.6.2.5.1. PROGESTERONE AND PROSTAGLANDIN.
Combination treatments of progesterone and
prostaglandin are increasingly popular, as
such treatments often improve the timing of
ovulation and may reduce the length of
progesterone supplementation. Administra-
tion of progesterone via intravaginal sponges
for 20 days, with a PGF,, injection on the
day of sponge removal, was reported to
result in oestrus at 1.8-2.2 days and in ovula-
tion at 3.0-5.4 days, respectively, post PGF,,
injection (Palmer, 1979; Draincourt and
Palmer, 1982). Today, administration of prog-
esterone is normally only for 7-9 days, with
prostaglandin administered on the day prog-
esterone treatment ceases. Using this proto-
col and again with the intravaginal sponges,
Palmer (1979) demonstrated that, on aver-
age, oestrus occurred earlier (3.8 days) than
figures suggested for progesterone treatment
alone. The timing of ovulation was, however,
very variable, at 8-15 days after pro-
staglandin injection. Later work by Palmer
et al., (1985), using the same sponges but
inserted for 7 days, with prostaglandin at
sponge withdrawal, suggested better syn-
chrony of ovulation, at 10.1-14.0 days after
sponge removal (Table 12.8).

It is evident that yet again considerable
variation in response is observed and that
the variation may be greater with shorter-
term progesterone supplementation during
the early breeding season (Hughes and Loy,
1978; Palmer, 1979).

Table 12.7. The timing of oestrus and ovulation in the mare,
using two injections of prostaglandin and gonadotrophin-
releasing hormone (GnRH) implants. Al, artificial insemination.
(NB: Considerable variation in the individual mare’s response

may be observed.)

Time Drug to be administered/Event
Day O Prostaglandin

Day 15 Prostaglandin

Day 19 Oestrus commences

Day 21 GnRH implant

Day 22 Ovulation may occur — covering/Al
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Table 12.8. The timing of oestrus and ovulation in the mare,
using progesterone supplementation, plus prostaglandin. PRID,
progesterone-releasing intravaginal device; i.m., intramuscular;
Al, artificial insemination. (NB: Considerable variation in the
individual mare’s response may be observed.)

Time Drug to be administered/Event
Day 0-8 Progesterone supplementation
(intravaginal sponges or PRID,
i.m. injection or oral administration)
Day 8 Prostaglandin
Day 12 Oestrus

Day 16 onwards

Ovulation may occur — covering/Al

12.6.2.5.2. PROGESTERONE AND  OESTRADIOL.
This combination treatment is increasingly
popular. Both hormones may be adminis-
tered daily via intramuscular injection for 10
days (R. Pryce-Jones and C. McMurchie,
Wales, 1997, personal communication) or
PRID containing progesterone plus 10 mg
oestradiol (held within a gelatin capsule),
inserted for 10 days (Rutten et al., 1986).
This may be followed, as in the previous
protocols, with an injection of PGF,  at the
end of the treatment (Table 12.9), and this
combination has proved successful, with a
reported 81.3% of treated mares ovulating
10-12 days after the PGF,  injection (Loy et
al., 1981). Normal pregnancy rates have been
reported to Al after such treatment (Jasko et
al., 1993). Further refinement of PRID or the
development of slow-release subcutaneous
capsules may further enhance the use of
such combination treatments, removing the
need for time-consuming daily injections.

It is evident that the use of oestrous
manipulation does not allow precise and

accurate timing of ovulation in the mare.
However, there is no evidence to suggest
that the use of such treatment significantly
affects conception rates (Palmer et al., 1985)
and some techniques are more successful
than others at allowing the time of ovulation
to be predicted. Many of these hormone
regimes really only reduce the random
spread of ovulations within a population,
rather than allowing the exact timing to be
predicted. Even so, such an effect allows
ovarian examination or teasing to be concen-
trated into a shorter period of time, so
reducing labour costs, etc. Manipulation of
the oestrous cycle is therefore regularly
practised and, with the additional use of
ultrasonography and rectal palpation, can
allow an accurate and precise prediction of
ovulation to be made.

Many of these synchronization techniques
can also be used to induce ovulation and
oestrus in mares with some abnormal ovar-
ian conditions. These cases will be discussed
further in Chapter 19.

Table 12.9. The timing of oestrus and ovulation in the mare,
using progesterone and oestradiol treatment, followed by
prostaglandin. Al, artificial insemination. (NB: Considerable
variation in the individual mare’s response may be observed.)

Time Drug to be administered/Event
Day 0-10 Progesterone and oestradiol treatment
Day 10 Prostaglandin

Day 20

Ovulation may occur — covering Al
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12.6.2.6. Manipulation of breeding activity in
the stallion

The breeding season in the stallion, as in the
mare, is governed by photoperiod and the
stallion reacts to increasing day length in a
manner similar to that seen in the mare. The
breeding season of the stallion can, there-
fore, be advanced by the introduction of a 16
h light/8 h dark regime in November/
December. Continual stimulation, however,
produces refractoriness and a return to nor-
mal seasonal changes, despite the altered
photoperiod (Argo et al., 1991). Manipu-
lation of stallion reproduction is not as
essential as manipulation in the mare, as it is
the mare’s reproductive cycle that is nor-
mally limiting to performance. Given
enough encouragement, a stallion will natu-
rally breed during the non-breeding season,
but less efficiently.

12.7. Conclusion

It is evident that the preparation of both the
mare and the stallion for covering needs
considerable thought, especially if the ani-
mals concerned are maiden and/or have the
added complication of an athletic career
behind them. However, providing adequate
time and forethought are invested, most
horses that are anatomically and physiolog-
ically sound are capable of breeding,
regardless of their previous careers. The
manipulation of reproduction, though
widely practised, will not in itself allow the
precise timing of oestrus and ovulation.
However, if used in conjunction with rectal
palpation or ultrasonic scanning, it will
allow accurate determination of timing of
ovulation and, as such, is a very useful tool
in stud management.
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