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concentrations. Total progestin Concsntrations were 2119.3 ± 197.3 for LH,
996.1 + 169.9 for P and 623if.

for INAH (least squares means ± SE,
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diol), 30-hydroxy-5a-pregnan-20-one (313-5a), 5a-pregnane-30,2013-diol (RO
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using all mares pooled, was significant (P<0.01) for all eight hormones. Most
hormones increased (P<0.05) over the last 20 d of gestation, with the maximum

concentration during Days -4 to -1. All hormones, except P5f3a, decreased
(P<0.05) immediately before foaling; P513a continued to rise through the day of

foaling. 5a-DHP was also unique; the concentration remained fairly constant
over the last 20 d, with a remarkable decrease to a value on Day 0 lower

(P<0.05) than Day -20. The only interaction (mare type by day) was found for
aa-diol (P<0.05) and P513a (P<0.01). For both of these hormones, profiles in P
and MH were similar, whereas concentrations in LH were higher (P<0.05) and

increased more rapidly. These results suggest that progestin profiles in late
gestation differ due to mare type.
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PROGESTIN PROFILES NEAR PARTURITION IN LIGHT HORSE,
PONY AND MINIATURE HORSE MARES

CHAPTER 1: INTRODUCTION

Definition of the Problem
There are nearly 11 million horses in the United States alone (Ensminger,
1990), or approximately three per square mile, which ranks the United States

second in the world as far as horse numbers. Fan attendance at U.S. horse
racing events is greater than fan attendance for either basketball or football

games (Ensminger, 1990). The number of horses in the United States declined
from the maximum in 1915 as a result of agricultural mechanization, and then
began increasing from the minimum in 1960, probably due to the widespread

use of horses for recreation (Ensminger, 1990). Because of the number of
horses in the world used for either recreation or as a business, knowledge of

equine reproduction is important. Many emotionally or economically devastating
problems can occur when breeding horses, whether it be embryonic losses, late
term abortions or unexpected and problem parturitions. Among farm animals,
horses have the reputation for having the lowest reproductive efficiency with the

overall foaling rate, after taking all losses into account, around 54%. Breeding
farms can expect to have pregnancy loss rates at approximately 6% between 20

to 40 days of gestation and 12% for the fetal stage (Ginther, 1992). The final
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foaling rate can be quite variable, depending, for example, on the individual
animal variability or lack of adequate pregnancy diagnosis. If more were known
about hormonal profiles during gestation, it would be possible to diagnose, and
perhaps treat mares that spontaneously abort.

Statement of Purpose
An objective of this research was to quantify progestin concentrations in
mares near parturition and to increase the resolution of these measurements by
using specific equipment, gas chromatography combined with mass

spectrometry, and daily sampling. Previous studies used less specific
immunoassays and less frequent sampling. Another objective was to compare

progestin profiles in light horse, pony and miniature horse mares. No studies
have been published on progestin profiles in miniature horses, and only limited

comparisons between light horses and ponies have been made. Blood
concentrations of specific progestins as well as total progestins were quantified.
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CHAPTER 2: LITERATURE REVIEW

Overview
The reproductive physiology of the equine female is similar to other farm

animals in some aspects, but very different in other ways. A complete review of
reproduction in the mare is found in the 1992 edition of Reproductive Biology in

the Mare, by O.J. Ginther. A complete review of reproduction in domestic
animals is found in Reproduction in Farm Animals, by E.S.E. Hafez (1993).
Some features characteristic of the mare will be discussed.

Reproductive Anatomy of the Mare
The ovary is very important because it has both endocrine and
gametogenic functions. It has often been called the master organ of the

reproductive tract. The corpus luteum (CL) is the structure that develops on the
ovary at the site of ovulation and is the major source of progesterone.
Progesterone is regarded as the hormone of pregnancy, it maintains uterine

quiescence and therefore maintains pregnancy. Ovaries with functioning CL are
necessary throughout gestation in the cow, sow, rat and bitch whereas CL are
necessary only for a small proportion of the pregnancy in the ewe, mare and

primate (Gomes and Erb, 1965; Hafez, 1993). The ovary of the mare is unique
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compared to the ovaries of other farm animals. It is kidney shaped with the

medulla forming the exterior and the cortex almost entirely internally localized

(Stabenfeldt et al., 1975). Folliculogenesis and ovulation occur at the ovulation
fossa, or the area of the cortex that projects toward the surface. A primary CL is
formed at the site of the ovulation that resulted in conception. Secondary CL are
formed from subsequent ovulated or unovulated follicles, usually after Day 40 of

gestation. Squires and co-workers (1975) stained CL in mares with India ink and
observed these marked CL at different gestational stages. Squires et a/. (1975)
found that the primary CL as well as any secondary and accessory CL persist

and appear to function until 180-220 d of gestation. At this time they all undergo
regression and the ovaries appear essentially dormant. Studies conducted by
Holtan and others (1979) showed that the ovaries of mares are dispensable

between Days 50-70 of gestation. This suggests that when pregnancy is
maintained, extra-ovarian sources of progesterone are available after this time.
There are no extraordinary differences in the anatomy or physiology of

the oviducts, vagina or vulva of the mare. The mare has a bipartite uterus and

the placenta is of epitheliochorial, diffuse and non-decidual type. Unlike other
farm animals the mare has a cervix with longitudinal folds, which enable the
cervix to dilate and contract and allow the cervical os to touch the floor of the
vagina during estrus, thereby aiding in semen transport.
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Estrous Cycle of the Mare
The mare is seasonally polyestrous and has estrous cycles throughout

spring and summer. Cycle length ranges from 21 to 24 d with estrus 5 to 7 d in
length. The mare is a spontaneous ovulator and ovulation occurs 1 to 2 d prior
to the cessation of estrus. During the period of seasonal anestrus (fall - winter)
the mare has low levels of progesterone (P4), estrogen (E2), gonadotropin

releasing hormone (GnRH), and luteinizing hormone (LH). Her ovaries may
have shrunk slightly and are inactive.
Sharp and Ginther (1975) suggested that photoperiod length may be the
major cause of the mare shifting from an anestrous cycle in the winter to an

estrous cycle in the spring. Further work by Sharp et al. (1979, 1981) showed
that increasing photoperiod causes the pineal gland to decrease melatonin

secretions. This would account for the physiological and behavioral changes
that occur because melatonin is in general an inhibitor of hormones such as

GnRH (and so FSH) and prolactin. Regardless of whether the total
concentration is high or low, release of the gonadotropins, LH and FSH, occur in
a pulsatile manner. It is interesting to note that in contrast to other farm species,

the gonadotropin pulses occur simultaneously during estrus (Thompson, et al.,
1987).

LH is tonic during diestrus and then increases a few days before
behavioral estrus with a rapid increase to the maximum level 24-48 h after
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ovulation. Overall concentrations of FSH are reciprocally related to LH
concentrations. P4 concentrations increase about 12 h after ovulation and are
highest during diestrus when the CL is maintained, then decrease a few days
before the next estrus. Prostaglandin Fla (PGF2a) increases just before P4
decreases, since PGF2a is responsible for the regression of the CL if the mare is

not pregnant. The ovaries receive PGF2a from the uterus through a systemic

pathway (Ginther, 1992). Estrogen is primarily of follicular origin and so
concentrations begin to increase 6 to 8 d before ovulation when the follicles are
developing, then decrease rapidly with ovulation and remains low until the next
cycle.

Pregnancy in the Mare
The gestation length of a horse is approximately 340 days, but can vary
from 320 to 360 days. Duration depends on season of breeding, individual

animal, sex of the fetus, and many other factors. As mentioned before the mare
has a completely diffuse placenta, which means that the contact area between

maternal and fetal tissues occurs over the entire area of the placenta. The
placental maternofetal interdigitation is microvillous or microcotyledonary. To
describe the layering of the placenta, the mare is said to have an epitheliochorial
placenta, meaning that the fetal chorion covered by trophoblast is attached to a

more or less intact uterine mucosa. This forms a complete barrier and is a
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consequence of a superficial implantation without endometrial invasion (Leiser

and Kaufmann, 1994). At birth the placental separation occurs along the
maternofetal contact zone and there are no maternal tissues in the afterbirth.
Horses are considered to have precocious maturation, which means that they
appear to be very adult from the day of birth, unlike species such as the rat
which are altricial and are born completely helpless.

Three aspects to pregnancy can be considered. First there is the
maternal aspect, which involves oogenesis, mating, ova transport and

fertilization, and early utero-embryo interactions. Secondly, the embryo and
placentation aspect involves development of the conceptus and implantation.
Finally, the endocrinology aspect involves the hormonal control of pregnancy

both from the mare and the developing fetus. This is the aspect that will be
discussed in length.
One unique type of hormonal control of pregnancy in the mare is the

presence of fetally derived endometrial cups that differentiate at 30-45 d of
gestation (Clegg et al., 1954). These endometrial cups cause a rise in maternal
equine chorionic gonadotropin (eCG), which reaches a maximum at Day 55-65
when the cups begin sloughing and are regressed by Day 150-200, then eCG is
no longer detectable in the maternal blood (Day and Rowlands, 1940; Allen,
1969; Ginther, 1992). The product of these cups is thought to be luteotropic and

preserves the primary CL and stimulates secondary CL formation. Corpus
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luteum maintenance is thought to be essential for early pregnancy (before 50 d)
maintenance because it is the sole source of progesterone.
LH appears to be at a baseline during pregnancy (Miller et al., 1980).
There, however, is no data reporting LH between Days 30-200 of gestation due
to the fact that LH and eCG have the same a-subunit and therefore are cross

reactive. After the endometrial cups regress, in late gestation plasma LH
concentrations are very low, perhaps due to the negative feedback effect of

progestins on LH concentration (Turner et al., 1979; Pope et al., 1987). A
negative feedback of P4 on LH concentration is suggested by the reciprocal
relationship of these two hormones during the estrous cycle. It has been shown
that a high concentration of progestins are being produced by the fetoplacental
unit during late gestation (Holtan et al., 1975a). It has also been shown that
exogenous P4 decreases the concentration of LH in ovariectomized mares
(Garcia and Ginther, 1978).
Follicle stimulating hormone (FSH) also has the same a-subunit as LH
and eCG, therefore it is difficult to measure, and the presence of it during

pregnancy is controversial. Irvine and Evans (1976) reported cyclic
concentration patterns during early pregnancy, while Miller et a/. (1980) reported

high initial concentrations followed by a decline to baseline levels by 150 d of
gestation. Regardless of the early pregnancy concentrations, FSH surges are
noted after 150 d with a large surge associated with parturition (Ginther, 1992).
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Some other important hormones are estrogens, of which E2 is the most

common in mare blood. The equine is also unique because of the presence of
ring B unsaturated estrogens, equilin and equilenin, which can be formed by the

placenta during pregnancy. Estrogens are typically found in the urine, blood and
feces as sulfate conjugates, but may be found free as well. In the pregnant
mare, estrogens are excreted in amounts up to 200-800 mg/day (Raeside et al.,

1979). During the first 35 d of gestation plasma estrogen levels are baseline,
similar to the levels detected during diestrus. The levels increase and then
remain stable until about 60 d of gestation. These estrogens are produced by
the ovaries, because they are reduced after ovariectomy (Terqui and Palmer,

1979). The concentration again increases until the maximum concentration is
reached at around 220-240 d; this increase was first thought to be from the

fetoplacental unit because there was no decrease after ovariectomy. Later it
was proven to be attributed to synthesis of a precursor in the fetal gonads and
metabolism to E2 by the placenta (Daels et al., 1990). Following the maximum
around Day 230, the estrogen levels decrease until they reach levels similar to
those of the plateau at gestational Days 40-80 (Nett et a/.,1973; Pashen and

Allen, 1979). A significant effect of the total fall in estrogens during the
prepartum period would be to increase the progestational influence on the
myometrium (Barnes et al., 1975).

Hormone profiles during pregnancy have been studied for decades.

Refer to the pretext list of abbreviations and to Figure 1. Short (1956) used a
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R2

R1

Systematic Name

Abbreviation

R1

R2

3f3-hydroxy-5-pregnen-20-one

P5

13-0H

=0

4-pregnene-3,20-dione

P4

=0

=0

5a-pregnane-3,20-dione

5a-DHP

=0

=0

20a-hydroxy-5a-pregnan-3-one

20a-5a

=0

a-OH

3a-hydroxy-5a-pregnan-3-one

3a-5a

a-OH

=0

313-hydroxy-5a-pregnan-3-one

313-5a

13-0H

=0

5a-pregnane-3a,20a-diol

aa-diol

a-OH

a-OH

5a-pregnane-3f3,2013-diol

1313-diol

f3-0H

13 -OH

5a-pregnane-313,20a-diol

f3a-diol

13-0H

a-OH

5-pregnene-313,20f3-diol

P5013

13-0H

13-0H

5-pregnene-3(3,20a -diol

P5f3a

13 -OH

a-OH

Figure 1: Systematic names, abbreviations and structural details of steroidal
compounds.
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chromatographic method to separate P4, and a fluorometric method, with

sensitivity to 4 ng/ml, to measure P4 in the blood. With this fluorometric method
of P4 detection, Short (1959) detected 6 ng/mL of P4 in the blood up to about

150 d of gestation. Using the same methods Short (1959) analyzed uterine vein
blood collected during the last third of gestation and umbilical cord blood

collected at parturition. From this he found a lack of P4 in the uterine vein but
high levels in the umbilical cord samples, and so concluded that the placenta
was the major source of P4 during mid to late gestation.

In 1975, Holtan and others quantified P4 and 17a-hydroxyprogesterone

(17a-OH), along with two other chromatically different but unidentifiable
compounds, in pregnant mare plasma using a competitive protein binding (CPB)

assay. By this method it was determined that P4 concentration increases to 7.5
ng/mL by 8 d of pregnancy, then falls to 4.8 ng/mL by 28 d, it reaches a
maximum of 15.2 ng/mL by 64 d and slowly falls to 1-2 ng/mL by 180 d of

gestation. The concentration remains low until 300 d and then increases to
about 4.4 ng/mL at parturition. By 3 d postpartum, the concentration of P4 is
undetectable in the blood. The concentration of 17a-OH was low or below
detectable limits, except between 40-120 d of gestation and during the last 30 d
prepartum. It was later proposed by Seren et al. (1981) that 17a-OH is from the

endometrial cups, which would explain the detectable concentrations between
40-120 d of gestation when the endometrial cups are functioning.
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These two other additional fractions found by Holtan et a/. (1975), were

later identified as P4 metabolites. Using a chromatography and RIA
(radioimmunoassay) system, Squires et a/. (1974) found a P4 profile similar to
the one found by Holtan et al. (1973), however, he did not find the separate P4

metabolite fractions. He did find higher concentrations, which may be attributed
to the cross reactivity of the assay. It became clear that current assays were
unable to differentiate between P4 and metabolites due to the extent of their

cross reactivity, even after purification steps. For this reason it became usual to
report on the 'total progestin' concentration in the blood, indicating a
combination of all the progestins.
Burns and Fleeger (1975) used a semi-specific RIA method to measure
maternal plasma progestin concentrations during the first and last 90 d of
gestation, and found concentrations that matched those already published.
Maternal plasma progestin concentration throughout gestation and in the
postpartum period were measured by Ganjam et al. (1975), using the same

semi-specific RIA method. Both of these studies found high progestin
concentrations during early pregnancy, decreased concentrations during mid

and late gestation, and another increase near term. Barnes et a/. (1975) used a
more sensitive RIA and found increasing amounts of progestins in near term
samples of both maternal and fetal blood, however much greater concentrations

in the fetal blood. Lovell et a/. (1975) used a CPB assay to measure the
maternal progestins near term and showed that increasing amounts were a
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characteristic of impending parturition. It was recognized in the mid 1970's that
there are a number of P4 metabolites in the equine circulation.
Holtan et al. (1975a) used a gas chromatography (GC) system with mass

spectrometry (MS) and steroid derivitization and identified four different
progestins, 20a-5a, 313 -5a, 5a-DHP, and P4. Holtan assumed that the source of

these progestins was the placenta and not the ovaries because they only
appeared when the mare was pregnant and were detectable in the same
concentrations whether the mare had intact ovaries or was ovariectomized

(OVX). These different P4 metabolites were not identified earlier because of
their cross reactivity with P4, and only now with the ability to separate fractions

with the GC, could be identified. Atkins et al. (1976) isolated, identified and
quantified 5a-DHP from mare blood and measured an increase at about 10 d of

pregnancy, followed by a constant rise at 40 d. He also found that 5a-DHP
greatly cross reacted with P4 assays.

It has been repeatedly shown, beginning with Barns et al. (1975), that

maternal plasma progestin levels rise during the last 20 d of gestation. A final
slight fall in progestins 24-48 h prepartum has also been observed by many
researchers. Seamans et a/. (1979) used a chromatography method to separate
P4 from serum samples and a RIA method to quantify concentrations. P4
ranged from 8.5 to 4.1 ng/mL at 10 d before parturition, and then fell to 1.2
ng/mL postpartum. Using this method Seamans et a/. reported that 5a-DHP
levels increased to 133 ng/mL at about 3 d before foaling, then began to
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decrease to 9.2 ng/mL immediately after foaling. Moss et al. (1979) researched
the source of these progestins that he suggested primarily controlled pregnancy.
They used indwelling catheters to sample uterine artery and vein or umbilical
artery and vein and determined, by injecting 3H-P4 into the uterine artery or

umbilical vein, that P4 was metabolized by the uterine-fetal-placental unit. They
likewise determined that 20a-5a and 5a-DHP are maternally derived, and that
313 -5a was primarily fetally derived because the umbilical artery had a greater

concentration than any other blood supply.
Using GC/MS, Holtan and coworkers (1991) presented a comprehensive
and quantitative description of plasma progestins in pony mares throughout

pregnancy, the late gestation fetus and the equine neonate. This very specific
technique showed that P4 was not detectably by 200 d of gestation, except for a
slight but rapid increase up to 5 ng/mL 1 to 5 d prepartum in some mares.
Systemic 313-5a and 5a-DHP mirror P4 until about 150 d, then when P4
decreases, 313-5a and 5a-DHP continue their constant rise (Barnes et al., 1975;

Seamans et al., 1979; Holtan et al., 1991). Concentrations of 5a-DHP averaged
40 ng/mL while those of 30-5a averaged 30 ng/mL near term. Holtan et al.
(1991) showed that 20a-5a was first detected around 60 d and gradually
increases. During the last 30 d this progestin increases six fold, and actually
reaches p.g/mL concentrations. The newly discovered progestin, f3a -diol, had a

similar profile to 20a-5a but at 75% of the concentration. The hormones 20a-5a
and (3a -diol showed the greatest prepartum rise and were found in the highest
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concentrations near term. Data presented by Rossdale et al. (1991), using a
RIA method, looked as though the total hormone concentrations were lower for
ponies than for Thoroughbred (light horse) mares, however, this was not
documented. The range of observed progestogen values was also much greater
for pony mares than for light horse mares from 300 d of gestation.
Schutzer and Holtan (1996) performed a series of experiments to explain
the absence of P4 and the presence of other progestin metabolites in maternal
circulation during mid and late pregnancy. It was deduced that pregnant mares
in vivo converted infused P5 to P51313, 20a-5a, 3f3-5a, and only minor amounts of

P4. Infused P4 is converted to 5a-DHP and 20a-hydroxypregnanes. In vitro,
placenta converted deuterium labeled P5 (D4-P5) to D4-P4, while D4-313-5a was

oxidized to D4-5a-DHP. Endometrium converted D4-P5 to D4-20a
hydroxypregnanes. Interestingly, the fetal gonads did not significantly
metabolize any substrate. In contrast, Pashen and Allen (1979) showed that the
fetal gonads are important for fetal development. That study reported that
removal of the fetal gonads resulted in an immediate fall in maternal plasma
estrogen concentration, however they noted that progestagen levels remained

unchanged. These gonadectomized foals were also usually born dysmature and
died soon after birth. Schutzer and Holtan (1996) showed that regardless of
substrate, both the maternal and fetal liver produced D4-2013-hydroxy

compounds. The adrenals, both maternal and fetal, converted D4-P5 to D4-P4.
This study begins to explain the source of these P4 metabolites in the late
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gestation mare. Determining where these hormones come from may help in
determining which, if any, have biological activity, or if they are simply metabolic
endpoints.

Hormone studies during gestation in other domestic farm animals, such

as sows, goats and cows, have been conducted. Ash and Heap (1975) found
that in late pregnancy in pigs, the plasma P4 concentration ranged from 6 to 12
ng/mL and decreased in all animals studied just prior to the onset of parturition.
They also indicated that the placenta appeared to be the source of the
hormones measured due to the fact that at parturition the concentration of P4

was greater in placental venous plasma than in maternal jugular plasma. In
goats, P4 concentration was shown to be high from Day 10 to 140, and rapidly

decreases on the day before parturition (Sawada et al., 1994). In cows, the P4
average has been shown to be 4.6 ng/mL of plasma for Days 140-200 of
gestation (Stabenfeldt et al., 1970). It then increases to 6.8 ng/mL by 250 d of

gestation, and falls to 4 ng/mL 10 d prior to calving. The concentration then falls
abruptly to <1 ng/mL about 24 h before parturition. That study led researchers
to wonder if the signal for parturition in cattle begins up to 10 d prior to calving.
Therefore, the maternal plasma progesterone concentration in other domestic
farm animals seems to be higher than in horses, however only slightly higher in

cows. A similar decrease in concentration just prior to parturition was observed
for all species.
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Parturition in the Mare

`Readiness for birth' includes many interrelated changes and has been
described by Rossdale and Silver (1982) as a close synchronization between

events in the fetus and events in the mother. Each individual has its own
gestational length regardless of normally acceptable limits for the species. If the
fetus and the mother have undergone the necessary changes and their events
are synchronized, barring any environmental problems, there is no reason why

the young would not be viable. Abilities such as being able to stand, move, see,
hear, and control body temperature are all essential for precocious species at

birth. Without the necessary changes prepartum, the young will not be viable,
therefore a better description of hormonal events taking place in the mother
would be beneficial to assure pregnancy, no problems at parturition and viable
young.

The horse and the sheep are domestic animals that are related in that P4
from the CL is not essential for pregnancy maintenance during the last part of

gestation. In sheep, the rise in fetal cortisol just prior to parturition causes
enzyme changes in the placenta so that P4 decreases and estrogens and

prostaglandins increase (Silver, 1990). In horses, either preterm or normal labor
begins after a decrease in maternal plasma progestagen concentrations (Holtan

et al., 1991). In the horse, like in the sheep, a sudden increase in fetal cortisol is
noted (Silver and Fowden, 1988), and soon afterward the maternal progestins
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drop and labor begins. However, the events leading to parturition in the mare
and the role of the fetus, is still something of a mystery. Rossdale et al. (1992)
conducted an experiment in which corticotropin releasing hormone (CRH),
adrenocorticotropin hormone (ACTH) and betamethasone (a synthetic

corticosteroid) were injected into late gestation fetuses. They determined that
the prepartum rise in maternal progestins was the result of fetal adrenocortical
activity, and they speculated that activation of the fetal adrenal caused secretion

of cortisol which induced the fetal gonads to produce more progestins. The
conclusions by Schutzer and Holtan (1996), that the fetal gonads do not
metabolize significant amounts of progestagens, contradict this speculation.
The work by Rossdale et a/. (1992) may be a part of the mechanism to explain

the late gestation progestin rise, but there are still missing pieces to the puzzle.
The hormone changes that have been noted so far are characterized by a great
increase in plasma progestins and a slow decrease in plasma estrogens (Lovell

et a/., 1975; Holtan et al., 1991). In general mammals tend to show a decrease
in plasma progestins and an increase in plasma estrogens prior to parturition

(Maltier, 1993). So it appears that horses are an exception to this
generalization. The studies that have been conducted so far used infrequent
sampling techniques. In other studies, daily sampling was done, but no
decrease in P4 or its metabolites was observed with RIA just prior to parturition

(Barns et al., 1975; Pope et al., 1987). More recent studies suggest that the P4
or P4 metabolite levels actually decrease just prior to parturition (Haluska and
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Currie, 1988; Hamon et al., 1991). Pope et a/. (1987) states that hormone
concentrations in blood collected on a more frequent basis are needed to
understand clearly the changes around parturition.
One could wonder why the equine uterus stays quiescent before the end
of gestation in light of the relative low concentrations of P4 and the relative high

concentrations of E2 in the mare's blood. Perhaps this question can be
answered by the appearance of progesterone metabolites with their own
biological activity, that is metabolites that cause a biological response and act as

hormones themselves. Perhaps it will be shown that one or more of these
metabolites are taking over the responsibilities of P4 late in gestation. These
type of studies have been widely conducted in sheep, for example by Mason et

a/. (1989) and Silver (1990), but not in horses. For instance, there is no doubt
that P4 is the most important biologically active progestin in the ewe throughout

gestation, but this cannot be said about the mare. The questions of which
progestins are taking over, why, where they come from, and where is their site of
action, are becoming important in the field of equine reproduction.
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CHAPTER 3: EXPERIMENTAL DESIGN

Objectives
One objective of this study was to describe an accurate profile of total and
individual hormones found in blood samples taken daily or even twice daily near

parturition. During the last few days of gestation hormone profiles change
rapidly and in order to get a clear picture of how the different hormones are

changing, daily samples need to be analyzed. Previous studies using
immunoassays and less frequent sampling, appeared to show a decrease in
hormone concentration immediately prepartum (Pope et al., 1987; Hamon et al.,

1991). Our study focuses on daily sampling and the changes in total and
individual hormone concentrations. Another objective was to compare the total
hormone concentration and the individual hormone content found in three
genetically different types of horses; light horses, ponies and miniature horses.
Since there have been no published profiles for miniature horses, and only

limited comparisons of light horses and ponies. Hamon et a/. (1991) suggested
that the rise in plasma progestin concentrations prior to parturition was greater in
Thoroughbred, or light horse mares, than it was in pony mares, but this
observation was not statistically tested.
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Sample Collection
Blood samples were collected from animals near parturition (n=6 for light

horses, n=6 for ponies and n=12 for miniature horses). Light horses and ponies
used were from the Oregon State University Horse Center (Corvallis, OR).
Miniature horse samples were collected either by Lisa Metcalf, D.V.M. from

mares at Honahlee Farm (Wilsonville, OR) during routine veterinary practice, or
by Larry and Jo Ann Ross at Scott Creek Farm (Siletz, OR) from mares in their

breeding herd. The light horses were all Quarter Horse mares approximately
500 kg; the ponies (Shetland type) were approximately 200 kg; the miniature

horses were approximately 100 kg. Blood was collected into heparinized tubes
from the jugular vein of the horses. Plasma was drawn off and the samples were
labeled and stored in the freezer until they could be extracted and derivatized for

analysis. Analysis was done on samples taken every other day from Day -20 to
Day -10, and daily from Day -10 to Day 0 (Day 0 = Day of parturition).

Sample Preparation
Extraction of the hormones followed established methods (Holtan et al.,

1991). Samples, 3 to 5 mL, were first diluted with an equal amount of deionized

water (di-H20) and fortified with 50 pi of a mix of deuterium labeled (D4)
progestin internal standards (ISTD) in scintillation vials. Deuterium labeled
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internal standards were prepared as described by Dehennin et a/. (1980). The
ISTD used were D4-5a-DHP, D4-P5, D4-313-5a, and D4-13p-diol. Solid phase C18

extraction columns (Prep Sep ®, Fisher Scientific, Pittsburgh, PA) were activated

with 2 mL of methanol (MeOH, HPLC grade) followed by 2 mL of di-H20. A
vacuum system (Waters Company, Milford, MA) was used to pull samples and

solutions through the extraction columns. Diluted samples were then passed
through the C18 columns using 3 mL of di-H20, followed by 1 mL of hexane

(HPLC grade), and finally eluted into 1 dram reaction vials with 3 mL of

anhydrous diethylether to collect the unconjugated steroid fraction. The ether
was evaporated under nitrogen gas (N2) at 60°C and the derivatization process

began. The two step derivatization and incubation also followed established
methods. The structure and functional group distribution of the hormones made
it possible to do the derivatizations (Figure 2). Derivatizations were necessary
to aid in identification as well as to ensure hormone stability and improve

chromatographic sensitivity. Ketone functional groups were derivatized to
methoxime (Figure 3) with 50 pL of 3% methoxyamine hydrochloride (MOX;

Sigma Chemical Company, St. Louis, MO) in silation grade pyridine (Regis

Technologies, Inc., Morton Grove, IL). After this mixture incubated at 60°C for
30 min it was again dried under N2 at 80°C. Hydroxyl groups were derivatized
with 25 pL of N-methyl-N-t-butyldimethylsilyl-trifluoroacetamide (MtBSTFA,

23

4-pregnene-3,20-dione

P4, progesterone

5a-pregnane-30,20a-diol

HO
H

Figure 2: Structure of progesterone and 13a-diol, showing general steroid
structure and functional group positions.
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CH3- 0 - N
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- 31 MW

Figure 3: MOX derivatization, showing addition and subtraction of molecular
weight after fragmentation in the MS.
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Regis) and 50 pL of 5% diethylamine (DEA, Sigma) in silation grade
dimethylformamide (DMF, Regis) to tert-butyldimethylsilyl (tBDMS, Figure 4).

The DEA in DMF acted as a catalyst. This step incubated for 45 min at 80°C
and was stopped by adding 0.5 mL of di-H20. The derivates were extracted from
the aqueous solution with another 3 mL of anhydrous diethylether. Two
extractions with ether were performed to assure high and consistent recovery.
The ether fraction was transferred to 15 X 85 mm test tubes and concentrated
under N2. Dried samples were then resuspended with 30 pL of n-undecane and
transferred via micropipettes to plastic crimp vials and were then ready for
analysis with the GC/MS.

Sample Analysis
All samples were analyzed for endogenous progestins with a Hewlett
Packard 5890 gas chromatograph (Wilmington, DE) interfaced with a 5971A
mass spectrometer and a 486/66 series microcomputer. Plasma samples were

analyzed as described by Houghton et al. (1990) and Holtan et al. (1991). Each
sample (one pL) was injected into the silica column (DB-5MS; 30 m X 0.25 mm

ID; J & W Scientific, Folsom, CA) of the GC by an auto sampler (Hewlett
Packard 7673). Samples were then separated under the temperature program
mode by the GC and then entered the MS for either identification under full scan

mode or quantification under selected ion mode. The identification of unknowns
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CH3
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HO-0-Si C (CH 3)3
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CH3

0-Si - C-(CH3)3
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CH3
Cr0-Si - 1 C-(CH 3)3
X
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CH3

Figure 4: MtBSTFA derivatization, showing addition and subtraction of
molecular weight during fragmentation in the MS.
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included molecular ion fragmentation patterns compared to standards and

relative retention times. The progestins eluted the column differently in time due
to molecular weight and structure (Figures 5 and 6).
Standard curves were generated with Chem Station software (Hewlett

Packard; version G1034B) by adding 500 ng of each D4 standard to each of five
vials containing a range from 125 to 4000 ng of non-labeled standard and

ovariectomized (OVX) mare plasma. The non-labeled standards included 5a
DHP, P4, P5, 313-5a, 20a-5a, P513p, 13a-diol and 1313-diol. Other endogenous

progestins found (aa-diol, P5(3a and 3a-5a) were quantified against the
standard curve of the standard progestin that they are most similar to in

structure. The assumption is that similar hormones under the same extraction
and derivatization procedures will be recovered in similar proportions.

Quantification consisted of calculating the least squares linear regression of
standards versus their deuterium labeled internal standards. In other words,
calculating least squares linear regression for each steroid within each assay
from peak area ratios (unlabeled standards area versus D4-labeled internal

standards area). The limit of sensitivity was 1-2 ng/mL, and the intra-assay
coefficient of variation for all progestins averaged 3%, while the inter-assay
coefficient of variation was approximately 7.5% averaged for all progestins.
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Figure 5: Total ion chromatogram of progestins found in pony plasma.
Retention times in minutes are given on the X-axis, and the relative abundance
of the molecules, in arbitrary units, is on the Y-axis.
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peak is (3a -diol, when compared to any other peak.
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Statistical Analysis
Eleven different hormones or metabolites were routinely identified and
quantified. They were 5a-DHP, P4, 3a-5a, P5, 3I3-5a, 20a-5a, as -diol, P51313, pp
diol, P513a, and Pa-diol (refer to Figure 1). Statistical analysis consisted of using

analysis of variance (ANOVA) with repeated measures of eight of these different

hormones over time during the last 20 d of gestation. Statistical models were
analyzed using SAS (version 6.10; SAS Institute Inc., Cary, NC). The main
effects were group (light horse, pony or miniature horse), time (days) and the

group by time interaction for each hormone. The group main effect determined if
total concentration of the combined hormones changed among the three sizes of

mares. The main effect of time was important to determine if the total
concentration of the combined hormones varied over the last 20 d of gestation.
Comparisons were made using Dunnett's multiple comparisons procedure in

SAS. Data from all mares sampled were used to calculate this main effect. The
group by day interaction determined if the total hormone concentration over time
changed differently within the different mare groups.
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CHAPTER 4: RESULTS

Group Results
The following data depict a hormonal profile during the last 20 d of
gestation. This data also compares the variety of hormones present, and their

concentrations, in light horses, ponies and miniature horses. The sensitivity of
the method used was approximately 1 ng/mL. Table 1 shows the overall
hormone concentration, of significant hormones, over the last 20 d of gestation
for all mares sampled.

Table 1: Average concentration (ng/mL) of progestins from all mares sampled,
over the last 20 d of gestation.

Least
Squares
Means
(ng/mL)

Total
20a-5a
pa-diol
aa-diol
313-5a

5a-DHP
13P-diol

P5I3a

3a-5a

1189.8
698.7
274.6
69.5
47.5
38.0
27.8
19.8
17.8

+

SE

359.3
281.8
65.2
19.8
12.2
10.1

9.2
8.1

6.5
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Eleven different hormones were measured, but P4, P5 and P5013 were not

included in the analysis because they were all either below normal detection

limits or were only sporadically detected. The same hormones were present in
all three groups of mares. There was a difference in hormonal concentration
between groups, composed of light horses, ponies and miniature horses.
Average concentrations of all hormones measured (total), over the last 20 d of
gestation, were 2119.3 ± 197.3 for light horses, 996.1 + 169.9 for ponies and
623.5 ± 183.5 for miniature horses (P<0.05, least squares means ± SE, ng/mL,

Figure 7). The group effect (using the ANOVA general linear model in SAS) was
significant (P<0.01) for all of the individual hormones (20a-5a, f3a-diol, aa-diol,
3[3-5a, f313-diol, P5(a, and total; Figure 8, Figure 9) except 5a-DHP (p=0.1324:

Figure 10) and 3a-5a (P=0.0714; Figure 11). For those hormones that had a
significant group main effect, the pairwise comparisons showed that light horses
had higher hormone concentrations than ponies (P<0.01) and miniature horses

(P<0.01). Ponies were not different from miniature horses (P>0.05). For the
hormone 5a-DHP (Figure 10), miniature horses appeared to have lower
concentrations (26.5 + 6.8) than either light horses (42.8 + 7.3, P=0.12) or

ponies (44.8 ± 6.3, P=0.06). The hormone 3a-5a bordered on having a
significant group effect (P= 0.0714, Figure 11); the light horses were not different
than the ponies (P>0.05), but in contrast to most of the rest of the hormones,
ponies were higher than miniature horses (P<0.05).
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Figure 7: Concentrations (least squares means ± SE) of total progestins in light
horses (LH), ponies (P) and miniature horses (MH) over the last 20 d of
gestation. " Means with different superscripts are different (P<0.01).
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Figure 8: Concentrations (least squares means ± SE) over the last 20 d of
gestation of 20a-5a and pa-diol from LH, P and MH. a'b Means for each hormone
having different superscripts are different (P<0.01).
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Figure 9: Concentrations (least squares means ± SE) of as -diol, 3I3-5a, pf3-diol,
and P513a for the three groups of mares over the last 20 d of gestation.
" Means for each hormone having different superscripts are different (P<0.05).
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Figure 10: Concentration (least squares means ± SE) of 5a-DHP between the
three groups of mares over the last 20 d of gestation. There is trend for a
difference between P and MH (P=0.063).
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Figure 11: Concentration (least squares means + SE) of 3a-5a for the three
groups of mares over the last 20 d of gestation. " Means with different
superscripts are different (P<0.05). There is a trend toward a difference
between LH and MH (P=0.058).
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Day Results
Because there were significant group effects, the trends in total hormone

concentrations over the last 20 d of gestation are depicted in Figure 12. The
day effect was significant for all of the hormones studied (20a-5a, f3a-diol, aa
diol, 313-5a, 5a-DHP, (313-diol, P513a, 3a-5a, and total). Further comparisons

(using Dunnett's multiple comparisons) were made comparing Day 0 to all other

days for each hormone. For the total of all hormones, the maximum
concentration occurred on Day -2 (P<0.05; Figure 12). The total hormone
concentration for light horse, pony and miniature horse mares shows how the
pooled hormone concentration changes over the last 20 d of gestation (Figure
13).

For individual hormones, 20a-5a and 13a-diol were similar to the total

because these two hormones were found in the highest concentrations, with
20a-5a comprising roughly 60% of the total hormone concentration(Figure 14).
The hormones aa-diol and 1313-diol appeared similar (Figure 15). The

maximum concentration of aa-diol occurred 1 d prepartum, however, only

Day -20 was different (P<0.05) from the day of foaling. The highest
concentration of 1313-diol occurred on Day -3 (P<0.01). The hormones 3I3-5a and

3a-5a also appeared similar (Figure 16). Each had an area of higher values
(P<0.05) that surrounded the maximum, which occurred 3 d prepartum for 313-5a

and 2 d prepartum for 3a-5a.
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Figure 12: Average progestin concentrations, from all mares sampled (LH, n=6;
P, n=6; MH, n=12), over the last 20 d of gestation. Because there were group
differences, this depicts trends only.
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Figure 13: Total progestin concentrations (arithmetic means + SE) for each
group of mares (LH, n=6; P, n=6; MH, n=12), over the last 20 d of gestation.
Foaling occurred on Day 0. There was no group by day interaction (P>0.05).
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Figure 14: Concentrations (least squares means ± SE) of 20a-5a (top panel)
and pa-diol (bottom panel) over the last 20 d of gestation, from all mares
sampled. *Different from means on Day 0 (P<0.05).
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Figure 15: Concentrations (least squares means ± SE) of aa-diol (top panel)
and 1313-diol (bottom panel) over the last 20 d of gestation, from all mares
sampled. *Different from means on Day 0 (P<0.05).
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Figure 16: Concentrations (least squares means ± SE) of 3I3-5a (top panel) and
3a-5a (bottom panel) from all mares sampled, over the last 20 d of gestation.
*Different from means on Day 0 (P<0.05).
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Differences in the patterns of 5a-DHP (Figure 17) and P5I3a (Figure 18)

over days were noted. The hormone 5a-DHP was maximum on Day -3, and all
of the days were higher (P<0.05) than the day of foaling. The hormone P5I3a
had a maximum that occurred 1 d prepartum, however none of the days were

statistically higher than the day of parturition. Days -8 through -20, however,
were lower (P<0.05) than the day of foaling. Additionally in a few light horse and
pony mares that were collected postpartum, P513a continued to rise before it

eventually decreased about Day 1 (data not shown).
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Figure 17: Concentrations (least squares means ± SE) of 5a-DHP from all
mares sampled, over the last 20 d of gestation. * Every day is different than the
day of foaling (P<0.05).
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Figure 18: Concentrations (least squares means ± SE) of P5f3a over the last 20
d of gestation, from all mares samples. *Different from means on Day 0
(P<0.05).
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Group by Day Interaction Results
Significant mare group by day interactions were observed for the
hormones as -diol (P<0.05) and P5I3a (P<0.01). To make the interactions
significant, it appeared that the ponies and miniature horses had similar profiles

and the light horses had different profiles. For as -diol (Figure 19), light horses
had lower concentrations (P<0.05) on Day -20 as compared to the day of foaling.
None of the days just prior to foaling were significantly higher however, even the
maximum which occurred 4 d prepartum. Pony mares had a maximum (on
Day -2) that was higher (P<0.05) than the day of foaling, but none of the other

days were statistically different than the day of parturition. Miniature horses
showed a profile like ponies, except that the maximum occurred on Day -3.
The hormone P513a (Figure 20) had a similar profile over days among

ponies and miniature horses, and light horses had different profiles. No group
showed a decrease in concentration prepartum. Each group did show lower
(P<0.05) concentrations as compared to the day of foaling for the earliest days

sampled (about Days -12 through -20). There was an apparent decrease in
concentration prepartum in the ponies and miniature horses, but no decrease for

the light horses. This would account for the significant interaction.
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Figure 19: Concentrations (least squares means ± SE) of aa-diol over the last
20 d of gestation, in LH, P and MH mares.
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Figure 20: Concentrations (least squares means ± SE) of P5f3a over the last 20
d of gestation, from LH, P and MH mares.
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Individual Mare Observations
One other interesting point noted was the presence of a slight but obvious

dip in the total and individual progestin concentrations when looking at individual
mares (Figures 21 and 22). No statistics were performed on these numbers.
This hormone decrease was noted more consistently in light horse mares, but

also appeared in many pony and miniature mares. This decrease was not
noticed when the averages for day were studied, because each mare showed

the decrease at a different day of gestation. The dip minimum usually was noted
between Days -5 and -10, but did appear to vary between mares.

51

334

336

340

338

342

344

Days

Figure 21: Individual light horse mare (#4) hormone profile of higher
concentration hormones. Foaling occurred at 343 days.
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Figure 22: Individual light horse mare (#4) hormone profile of lower
concentration hormones. Foaling occurred at 343 days.
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CHAPTER 5: DISCUSSION

The aims of this research were two-fold; 1) to analyze samples that were
taken at more frequent intervals near foaling, and 2) to establish data and

comparisons between light horses, ponies and miniature horses. To meet these
aims, the method used GC combined with MS. The fact that much of the
previous data published on P4 or progestin concentration late in gestation used
methods less reliable for individual hormones, only gives more reason for this

type of research. This method more accurately separated progestins with similar
structures.

Hormone Identification and Quantification
Holtan et al. (1991) found the sensitivity, range, accuracy, and precision
of the GC/MS to be at least equal to that of most immunoassays, plus the added

benefit of specificity. A GC/MS system allowed the hormones and metabolites to
be accurately separated, without cross-reactivity.

This method allowed identification of 11 and quantification of eight closely
related progestins in a single blood sample (refer to the list of abbreviations and

to Figure 1). All hormones identified in this study have been previously
identified by Holtan et al. (1991), using a similar GC/MS technique. Even with
rigorous preparation and purification before analysis, only low amounts of P4, P5
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and P51313 were detected, if detected at all. With the sensitivity of this method at

1-2 ng/mL, the fact that this study found P4 concentrations low or below

detectable limits is very important. Because of the specificity of this technique,
the low P4 concentrations indicate the amount of cross reactivity by other
progestins in previous immunoassays.

There was an exception to the low P4 levels. One light horse mare had
42.7 ng/mL of P4 2 d prepartum, and 8.4 ng/mL on the day before. This did not
happen to be one of the mares included in the analysis because of an

incomplete data set. After further examination, consisting of matching major ions
from the sample (selected ion mode) to the standard, and hand quantification,

the P4 appeared to be genuine. The mare seemed to have a normal pregnancy
and healthy foal, with nothing out of the ordinary noted in the foaling records.

The cause, source and result of this extraordinary P4 peak are unknown. Cases
like this, however, give cause to further study of hormones late in the gestation
of the mare.

Group Results
One surprising aspects of this research was the observation that hormone
concentrations differed in different types of mares, as was briefly noted by

Hamon et a/. (1991). The present data demonstrates that light horses have
higher (P<0.01) total progestin content than either ponies or miniature horses,
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and that there is no difference (P>0.05) between ponies and miniature horses.
The same eight progestins were found in all three groups, with P4, P5 and P5013

being low or below detection in all groups.
Barnes et al. (1975), using RIA, noted that progestins increase toward

parturition in light horses (Thoroughbred breed) and increase to a lesser extent
in ponies, although this was not discussed. Hamon and coworkers (1991) found
a high 5a-DHP concentration of 161.7 + 30.8 (ng/mL ± SE) for light horse mares

(Thoroughbred breed) on the day before foaling. They also found a high 5a
DHP value of 79.1 ± 30.8 for pony mares 3 d prepartum. The current study
found the 5a-DHP concentration for light horse mares (Quarter Horse breed) to
be 43.0 + 3.0 on the day before foaling, and 57.3 + 4.8 for pony mares 3 d

prepartum. The previous study used immunoassay techniques, which would
account for their values being higher than in this study. In the present work,
however, each mare type was different (P=0.1324) for the hormone 5a-DHP

(Figure 10), however there was a trend for P to be higher than MH (P=0.063). In
fact, this hormone was unusual because at one point the concentration in ponies

was higher than the concentration in light horses. For all other hormones that
had a significant group main effect, the concentration in light horses was always
higher (P<0.05) than for ponies, and the concentration in ponies was always
higher (P<0.05) than for miniature horses.

Group results are useful because they will affect the concentration of

hormone expected from a certain type of mare. This is important because if a
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diagnostic test relied on one or more of these progestins, then the size of the

mare would have to be taken into account. The difference for most of the
hormones appeared to be based on weight, metabolic size or possibly height of

the mare. For instance, light horses are essentially double the size of ponies,
which are essentially double the size of miniature horses. The total hormone
concentration (ng/mL + SE) was 2119.3 + 197.3, 996.1 ± 169.9 and 623.5 ±

183.5 for each group respectively. The data presented by Hamon et al. (1991)
suggested that there is a greater rise in plasma progestins in light horses than in
ponies, but this was not statistically tested. It is unknown whether the breed
within the mare type has an effect on the hormone concentration, or whether this
occurs in any other species.

Day Profiles

Since there was no group by day interaction (P>0.05), except for aa-diol
and P58a which will be discussed later, the groups were combined for all

hormone profiles. There were several different patterns that the hormone
profiles followed over the last 20 d of gestation. The eight hormones could be
put into three structurally different groups. The first group contains hormones
with a 20-hydroxyl group (20a-5a, f3a-diol, as -diol, (3(3 -did, P5(3a and P588). Of

the hormones quantified, all showed a steady increase from Day -20 to the
maximum, a few days prepartum, and then a gradual decrease until the day of
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foaling, with the exception of P5I3a which continued to rise (Figures 14, 15 and
18). Group two contains hormones with a 3-hydroxyl group (313-5a, 3a-5a and
P5). The ones quantified, 313-5a and 3a-5a, both showed a more dramatic final

drop near foaling, with the Day -20 values appearing lower (not statistically

significant) than the Day 0 values (Figure 16). Finally, the third group is made
up of di-keto compounds (5a-DHP and P4, the former being the only one

quantified). This hormone was unique because it had no increase in
concentration from Day -20 until parturition. It did, however, appear to have a
dramatic decrease a few days before parturition, but only Day 0 was significantly
lower, even lower than Day -20 (Figure 17).
Ganjam et al. (1975) used chromatography to separate plasma hormone

fractions and RIA to quantify them, and found that P4 increased to about 3.5
ng/mL near term. They saw no decrease immediately prepartum, perhaps due to
the fact that they used random sampling and ended sampling between Day 300

to 330 of gestation, regardless of time of foaling. They also noted that there was
about 10 ng/mL of two unknown metabolites, making the P4 value about 13
ng/mL when no chromatography was used for separation. Holtan and coworkers
(1975) used similar chromatography techniques to separate hormones, and a
CPB assay to measure them. Their results were similar to Ganjam et al. (1975),
with no prepartum decrease, however, sampling only occurred every 4 days.
Likewise, Barnes et al. (1975) observed no prepartum progestagen decrease
when measured by RIA. Seamans et al. (1979), using chromatography with RIA,
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separated, identified and quantified P4 and 5a-DHP. They reported that P4
ranged from 8.5 to 4.1 ng/mL prepartum and that in no case did it fall before

foaling. They also reported that 5a-DHP increased to 133 ng/mL about 3 d
prepartum, but a decrease to foaling was noted for this progestin. Pope and
coworkers (1987) used an immunoassay to measure P4 daily in mares 4 d

before through 4 d after foaling. They also found no significant decrease in P4

until after foaling. All these results indicate low P4 concentrations, but still at
values higher than detected in this study, which were commonly <1-2 ng/mL late

in gestation and therefore below the sensitivity of the machine. This probably is
the result of cross reactivity of assays even after separation steps. This could
also be the reason that no prepartum decrease was observed in many of the
previous studies that were trying to measure P4, along with infrequent sampling.
Pope et a/. (1987) were getting some cross reactivity, and because the maximum

occurred at different days prepartum for different P4 metabolites, any actual
decrease was masked.

When the results of this study were compared to the results reported by
Holtan et al. (1991), whose GC/MS method was most similar to this method,

there again were similarities and differences. Their study, like this study,
identified P4, P5 and P51313, but could not consistently find them due to low

concentrations. The hormone 20a-5a was shown by both studies to be the
predominant progestin, and was consistently higher than pa-diol (the second

highest). Both of these hormones were observed to have a sharp increase near
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term with a decrease about 24 h prepartum. When pony mares were sampled
by Holtan et a/. (1991) more frequently near term, 5a-DHP and 313-5a appeared

to remain consistent; no prepartum fall was mentioned, but sampling frequency
may not have been adequate to see the fall. In the current study, 5a-DHP
remained constant over the last 20 d, with a prepartum fall. The hormone 313-5a,

was found in the current study to increase from Day -20 to a few days before

parturition, not remain constant as was indicated previously. That prior study
measured 3a-5a to range from 5-10 ng/mL and parallel 30-5a, although the data
was not shown. This study found that 3a-5a paralleled 313-5a, but at slightly
higher concentrations, ranging from 12-22 ng/mL during the last 20 d of

gestation. This difference in concentration could be attributed to the fact that the
current study pooled the day averages for all groups, light horses having higher
(P<0.01) concentrations, and the previous study used only pony mares. Holtan
and coworkers (1991) found an as -diol concentration nearly identical to pp-diol;

this data was not shown. This study found as -diol concentrations similar in
profile to 130-diol, but at about double the concentration. There is no explanation

for this difference in reported concentration, other than the previous study only
sampled from 5 animals.
Of the eight progestins monitored over the last 20 d of gestation, P513a

appears noteworthy. As was mentioned before, the overall concentration of
P5f3a continued to rise through the day of foaling, unlike the other progestins

which all showed some sort of prepartum decline. In a few individual mares,
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especially light horses, but ponies also, the concentration appeared much higher
on the day of foaling than the previous day, and therefore the average was

affected by these few mares. Additionally, in all mares sampled postpartum,
P513a concentration seemed to decrease more slowly than did other progestin

concentrations (not statistically tested). This continued P513a increase appeared
to occur more frequently with mares in which parturition was induced with
oxytocin; this was neither the case for every P5I3a increase nor for every
induced mare.

Another interesting aspect was noticed when the day results were

analyzed. After checking individual mare records and graphs, it appeared that
there was a dip in most progestin concentrations between 5-10 d prepartum

(Figures 21 and 22). Although this was not tested it appeared in nearly all
mares, and in each group. This observation was noticed in the current study
due to frequent sampling. In many cases, blood was collected and analyzed
twice daily near term, but for ease of interpretation only daily samples were

statistically analyzed. This prepartum progestin dip did not occur on the same
day between mares; for this reason when data were pooled for the day effect,

the dip was not noticed. In previous studies, where samples were collected only
every 3-4 days, this dip may not have been noticed at all.
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Group by Day Interaction Profiles
There was a group by day interaction over the last 20 d of gestation only

for two hormones, aa-diol (P<0.05) and P58a (P<0.01). Overall, as -diol showed
a gradual rise with a decrease a few days prepartum comparable to most of the

other progestins studied (Figure 15, top panel). The maximum concentration
occurred on Day -4, -2 and -3 for light horses, ponies and miniature horses

respectively (Figure 19). By examining the data, the interaction of group by day
seemed to be due to a more gradual concentration increase over the last 20 d of

gestation in light horses than in either ponies or miniature horses. In addition,
the profiles for ponies and miniature horses were very similar over days and also
in concentration.

Overall, P5f3a showed a gradual but steady increase in concentration

from Day -20 right through foaling (Figure 18). This hormone showed even more
differences between light horses and the other two groups over the last 20 d of
gestation; the profiles for ponies and miniature horses were nearly identical

(Figure 20). Light horse mares appeared to have a more rapid increase than
either of the other two groups. There was no significant decrease in
concentration of P58a just prior to foaling for any of the groups, however, the
maximum concentration occurred on Day -2 for ponies and miniature horses
while it occurred on Day 0 for light horses.
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Future Considerations
In the mare, it is unclear whether these progestins are biologically active

or simply metabolic endpoints. Further research needs to be conducted to
understand the unique hormonal profile of the pregnant mare, as well as to
understand the source and biological activity of these different progestins.
Increased knowledge will help in practical applications, such as developing
pregnancy or pregnancy problem diagnostic tests and developing hormonal

treatment therapies for at risk pregnancies. Increased knowledge in this field
could also have effects on research in related fields or other species. A next
logical step would be to add draft horse mares to a study similar to this one to
determine if the differences observed between light horse mares, ponies and

miniature horse mares, included the largest breeds of horses. Additionally, other
equids, such as donkeys (mammoth, standard and miniature), and exotics, such

as zebras, could be studied. This is a relatively new topic in equine
reproduction and opens a whole new area for research. The trend for a dip in
progestins prepartum, as noted for individual mares, seems to be a new

discovery and should be checked for validity. Perhaps this is an area that needs
further research to determine if the declining trend is biologically significant. In
cows, it has been noted that the progestin values begin their decrease as many
as 10 d prepartum, and this decline it thought to be a signal for the parturition
changes to begin (Stabenfeldt et a/., 1970).
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The uniqueness of the hormone P5f3a also needs further study. For
instance a more detailed profile of the concentration immediately postpartum
and for the next few days would help to determine its role in pregnancy and

parturition. This research should include work with different types of mares as
well to determine if P5I3a changes differently in the different types of mares
postpartum.

GC/MS is not practical for field work or routine sampling, but is more

suited toward research. Specific assays, selective for certain progestins, need
to be developed for the routine monitoring of these hormones. For this reason,
knowledge of which hormones change and specifically when do the changes
occur during gestation would be tremendously important for immunoassay

development and interpretation. The field of equine reproductive physiology is a
very broad field and still contains a vast expanse of knowledge to be gained.
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