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Summary. Maternal recognition of pregnancy in sheep, cattle and goats involves
physiological mechanisms that result in protection of corpora lutea from luteolysis by
modification or inhibition of uterine production of luteolytic pulses of prostaglandin
(PG) F-2a. Ovine, bovine and caprine luteal cells release oxytocin in a pulsatile manner
during late dioestrus. Oxytocin then binds to its endometrial receptors and initiates
luteolytic pulses of PGF-2a. Ovine, bovine and caprine trophoblast protein-1 (oTP-1,
bTP-1 and cTP-1) are secreted by the trophectoderm of conceptuses between Days 10
and 21-24 of pregnancy. These antiluteolytic proteins (oTP-1 and bTP-1) are primarily
responsible for inhibiting uterine production of luteolytic amounts of PGF-2a. During
early pregnancy, the numbers of endometrial receptors for oxytocin are signficantly
lower in ewes and cows, and stimulatory effects of exogenous oxytocin on uterine
production of PGF-2a are correspondingly reduced or absent for ewes, cows and goats.
Exogenous oestrogens can, through a uterine-dependent mechanism, stimulate syn-
thesis of endometrial receptors for oxytocin and uterine production of PGF-2a; an
effect which is significantly attenuated during early pregnancy. These results suggest
that oTP-1, bTP-1 and possibly cTP-1 exert their antiluteolytic effect(s) by: (1) inhibit-
ing effects of oestrogen and/or progesterone necessary for synthesis of endometrial
receptors for oxytocin; (2) inhibiting endometrial synthesis and/or recycling of oxy-
tocin receptors directly; or (3) inducing the endometrium to synthesize an inhibitor of
an enzyme(s) necessary for synthesis of PGF-2a.

Keywords: pregnancy; ruminants; conceptus interferons; corpus luteum; prostaglandins; oxytocin

Introduction

Sheep, cattle and goats are species in which females have uterine-dependent ovarian oestrous
cycles. In the absence of functional endometrium, there is no local endogenous source of prosta-
glandin (PG) F-2a, the uterine luteolytic agent that causes structural and functional demise of the
CL. The endocrinology responsible for uterine production of luteolytic amounts of PGF-2ct is
complex. Progesterone from CL and oestradiol from ovarian follicles appear to be responsible for
development of endometrial receptors for oxytocin. Oxytocin is released from the posterior
pituitary and CL of sheep, cattle and goats in a pulsatile manner and interacts with its endometrial
receptors to stimulate episodic secretion of PGF-2a essential for luteolysis. Large and small luteal
cells of sheep have high and low affinity receptors for PGF-2a, respectively (Balapure et al., 1989);
therefore, high concentrations of PGF-2a in plasma during episodic release may be required to
induce luteolysis in large and small luteal cells in ruminants.

Conceptuses (embryos and associated membranes) of ruminants secrete antiluteolytic proteins
(ovine trophoblast protein-1, oTP-1; bovine trophoblast protein-1, bTP-1 and caprine trophoblast
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proteins, cTP), as well as luteal protective agents such as PGE-2. The proteins oTP-1, bTP-1 and
possibly cTP have high amino acid sequence homology with interferons of the alpha II class (I FNa)
and are antiluteolytic since they modify uterine production of PGF-2a to inhibit luteolysis. Luteal
protective agents, such as PGE, may act at the level of the CL to inhibit luteolytic effects of PGF-
2a. Progesterone is essential for maintenance of a uterine environment supportive of conceptus
development.

Sheep

Luteolytic mechanism

Endometrium of cyclic ewes releases PGF-2a in a pulsatile manner between Days 15 and 17 of
the cycle with at least 5 episodes of PGF-2a in 24 h associated with luteolysis (Zarco et al., 1988).
McCracken et al. (1984) proposed that oestradiol from ovarian follicles induces endometrial oxy-
tocin receptors and that oxytocin stimulates uterine secretion of luteolytic pulses of PGF-2a. Oxy-
tocin from the posterior pituitary and CL appears to control pulsatile secretion of PGF-2a by
uterine endometrium (Flint & Sheldrick, 1986; Hooper et al., 1986) by stimulating the phospha-
tidylinositol (PO-protein kinase C system (Flint et aL, 1986). A temporal sequence of oestradiol-
induced events leading to luteolysis in ewes has been described by Hixon & Flint (1987).
Administration of 500 ug oestradiol to ewes on Day 10 of the oestrous cycle resulted in: (1)
increased numbers of endometrial receptors for oxytocin by 12 h; (2) increased oxytocin-induced PI
turnover by 24 h; (3) episodic secretion of PGF-2a at 35 + 3 h; (4) declining concentrations of
progesterone in plasma at 42 + 3 h; and (5) oestrous behaviour at 69 + 7 h. Secretion of oxytocin
by CL was first detected at 26 + 3 h or about 9 h before detection of a luteolytic pulse of PGF-2a.

Endocrine events during the oestrous cycle prepare the uterus to secrete luteolytic pulses of
PGF-2a. The large luteal cells are responsible for transcriptional (Days 0-3) and translational
(Days 3-6) events which lead to storage of oxytocin in secretory granules (see Flint & Sheldrick,
1986). Endometrial receptors for oxytocin are present early in the oestrous cycle (Days 0-3), decline
and remain low until Day 13 and then increase to their highest numbers at oestrus (McCracken et
al., 1984; Flint & Sheldrick, 1986). Progesterone is essential for development of endometrial
responsiveness to oxytocin; however, oestradiol, in concert with progesterone, enhances endometrial
response to oxytocin (Homanics & Silvia, 1988; Vallet & Bazer, 1989) and synthesis of oxytocin
receptors (Vallet et al., 1989). Smith et al. (1976) detected a significant increase in concentrations of
oestradiol in plasma of ewes on Days 12 and 13 and Kittok & Britt (1977) reported premature
luteolysis in ewes treated with oestradiol on Days 11 and 12 or Days 12 and 13 of the oestrous cycle.
Furthermore, passive immunization of ewes against oestradiol and destruction of ovarian follicles
by irradiation result in prolonged luteal maintenance (see Flint & Sheldrick, 1986).

Available results (see Bazer, 1989) suggest that the following sequence of events results in luteo-
lysis: (1) follicular oestrogens stimulate endometrial phospholipase A, and uterine production of
subluteolytic pulses of PGF-2a on Days 13 and 14; (2) subluteolytic pulses of PGF-2a stimulate
release of oxytocin from CL which acts on endometrial oxytocin receptors to stimulate uterine
production of luteolytic pulses of PGF-2a on Days 14 to 16; and (3) CL undergo luteolysis and
ewes return to oestrus on Day 16 or Day 17.

Antiluteolytic effects of the conceptus

Pregnant ewes fail to experience luteolysis in response to doses of oxytocin and oestradiol that
are luteolytic in cyclic ewes (see Bazer, 1989). Releases of oxytocin- and oxytocin-neurophysin are
either reduced (Moore et al., 1982) or not different (Hooper et al., 1986) in pregnant compared to
cyclic ewes between Days 13 and 16 after oestrus. A consistent finding has been that oxytocin
receptor numbers are very low or absent in pregnant ewes (see Flint & Sheldrick, 1986). Basal
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secretion of PGF-2a by sheep endometrium is not reduced during pregnancy; however, pulsatile
release of PGF-2a is inhibited during pregnancy (see Bazer, 1989). Therefore, the conceptus is
assumed to exert its antiluteolytic effect on the endometrium by inhibiting pulsatile secretion of
luteolytic amounts of PGF-2a.

What is the antiluteolytic agent secreted by sheep conceptuses?

Moor & Rowson (1966a, b) established that homogenates of sheep conceptuses would, when
infused into the uterine lumen, but not the utero-ovarian venous drainage, extend the interoestrous
interval in ewes. Ellinwood et al. (1979) determined that sheep conceptus homogenates did not
contain either chorionic gonadotrophin-like or prolactin-like proteins. In-vitro culture of Day-16
sheep conceptuses and analysis of radiolabelled proteins resulted in identification of ovine trophoblast
protein-1 (oTP-1), the first major protein secreted by mononuclear cells of the ovine trophectoderm
(see Bazer, 1989).

oTP-1 is secreted initially between Days 10 and 21 of pregnancy, has a molecular weight of
19 000 and binds to endometrial receptors (see Bazer, 1989). There is a second period of secretion of
immunoreactive oTP-1 by chorion between Days 25 and 45 of pregnancy (Ott et al., 1989b). oTP-1
has high amino acid sequence homology with interferons of the alpha-II class (Imakawa et al.,
1987; Stewart et al., 1987; Charpigny et al., 1988) and potent antiviral activity (Pontzer et al., 1988).
Infusion of purified oTP-1 into the uterine lumen from Days 12 to 14 extends the interoestrous
interval and CL lifespan; therefore, oTP-1 is assumed to exert its antiluteolytic effect on the endo-
metrium by inhibiting the oxytocin-induced pulsatile secretion of PGF-2a which causes luteolysis
in ewes (see Bazer, 1989). oTP-1 does not appear to act directly on the CL to influence its lifespan or
level of progesterone production (Godkin et al., 1984).

Antiluteolytic effects of oTP-1

Antiluteolytic activity in total ovine conceptus secretory proteins (oCSP) and purified oTP-1
are equal in their ability to inhibit uterine production of PGF-2a in response to both oestradiol and
oxytocin. However, neither oCSP minus oTP-1 nor serum had antiluteolytic activity. These results
suggest that oTP-1 is the only antiluteolytic protein secreted by sheep conceptuses at Day 16 of
pregnancy (see Bazer, 1989).

What is the mechanism of action of oTP-1?

oTP-1 does not compete with oxytocin for its receptor, inhibit oxytocin stimulation of endo-
metrial phosphatidylinositide turnover or inhibit oxytocin stimulation of endometrial secretion of
PGF-2a in an endometrial perfusion system (see Vallet et al., 1989), which suggests that oTP-1 does
not interfere with the ability of oxytocin to bind to its endometrial receptors and stimulate its
second messenger system.

Secretion of oTP-1 (ng/uterine flushing) begins on about Day 10 (Ashworth & Bazer, 1989) and
increases as conceptuses change morphologically from spherical (312 ng), to tubular (1380 ng) to
filamentous (4455 ng) forms (Nephew et al., 1989). Secretion of oTP-1 before initiation of synthesis
of oxytocin receptors may be necessary to allow oTP-1 to prevent synthesis of oxytocin receptors
and uterine secretion of luteolytic pulses of PGF-2a. Turnover of phosphatidylinositol (Mirando
et al., 1990) and PGF-2a secretion (Vallet et al., 1989) in response to oxytocin are inhibited when
endometrium of cyclic ewes is exposed to oTP-1 on Days 12 through 14. Functional endometrial
receptors for oxytocin are either absent or present in low numbers of pregnant ewes when measured
directly (see Flint & Sheldrick, 1986) or indirectly by the inability of oxytocin to stimulate phospha-
tidylinositol turnover (Mirando et al., 1990). It seems likely, therefore, that oTP-1 may inhibit
synthesis of oxytocin receptors. Interferons can inhibit synthesis, turnover or movement of receptors
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within membranes in other systems (Faltynek et al., 1984; Taylor-Papadimitriou & Rozengurt,
1985).

Temporal changes in endometrial receptors for progesterone during the oestrous cycle and early
pregnancy of sheep have not been described. However, oestrogen receptor concentrations in endo-
metrium are lower in pregnant ewes on Days 9, 13 and 15, but not Day 11 (Findlay et al., 1982).
Since progesterone and oestradiol are responsible for induction of endometrial receptors for oxy-
tocin, as discussed previously, altered concentrations of oestrogen and/or progesterone receptors
may influence conceptus-mediated antiluteolytic mechanisms. Intrauterine infusion of oCSP
increases progesterone receptors about 40% (M. A. Mirando, R. J. Moffatt, T. L. Ott & F. W.
Bazer, unpublished results), which may enhance antiluteolytic effects of oTP-1 (Ott et al., 1989a).

Endometrial receptors for oTP-1 and recombinant interferons

High-affinity, low-capacity binding sites for oTP- I are present in endometrial membranes
(Godkin et al., 1984) and human interferon alpha will displace oTP-1 from those receptors (Stewart
et al., 1987). Knickerbocker & Niswender (1989) examined oTP-1 receptors in sheep endometrium.
Unoccupied oTP-1 receptors were similar for cyclic and pregnant ewes on Days 8 and 12, but
decreased thereafter for pregnant ewes. Hansen et al. (1989) suggested that sheep endometrium has
high- and low-affinity receptors for oTP-1, but only high-affinity receptors for recombinant bovine
IFNa 1I (rbIFNa). Antiluteolytic effects of oTP-1 may require that it bind to both types of receptor
and this may explain why oTP-1 has greater antiluteolytic activity than rbIFNa. Intrauterine
infusion of rbIFNa extended interoestrous intervals of ewes to greater than 19 days when 2000 ag,
but not 200 ag, were infused over each 24-h period from Days 9 through 19 (Stewart et al., 1989).
Intrauterine infusion of oTP-1 is considerably more effective than rbIFNa (Stewart et al.,1989) and
human IFNa2I (rhIFNa) (Davis & Ott, 1989) in extending interoestrous intervals of sheep,
suggesting that an tiluteolytic properties of oTP-1 are not shared equally with rbIFNa and rhIENa.

Salamonsen et al. (1989) demonstrated that sheep endometrial cells respond to both oTP-1 and
rhIFNa in vitro with attenuated production of PGF-2a and enhanced secretion of endometrial
proteins. Danet-Desnoyers (1989) extended their results and demonstrated that oTP-1 inhibits oxy-
tocin stimulation of PGF-2a production by endometrial epithelium after the cells were exposed to
oTP-1 for more than 10 h.

Luteal protective agents

Concentrations of PGE in utero-ovarian vein plasma of pregnant ewes increase on Days 13 and
14 and PGE may play a luteal protective role (Silvia et al., 1984). Since PGE stimulates release of
oxytocin from luteal cells, it may initiate and/or accelerate depletion of luteal oxytocin before
endometrial receptors for oxytocin are maximal. This may explain pulses of oxytocin with lower
amplitude in pregnant ewes (Fairclough et al., 1984). Mapletoft et al. (1976) indicated that a fac-
tor(s) in uterine venous blood delays luteolysis in ewes and Pratt et al. (1977) suggested that PGE
may be that factor.

Cattle

Corpus luteum lifespan in recipient cows and ewes is extended following interspecies reciprocal
transfer of trophoblastic vesicles (Martal et al., 1984), indicating similar antiluteolytic signals from
conceptuses of these species. Bovine conceptuses produce bovine trophoblast protein-1 (bTP-1),
which cross-reacts immunologically with oTP-1 (Helmer et al., 1987), has high amino acid sequence
homology with both oTP-1 and IFNa (Imakawa et al., 1989) and possesses antiviral activity
(Godkin et al., 1988a).
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Biochemically, bTP-1 differs from oTP-1 in that it contains N-linked carbohydrates (Anthony
et al., 1988; Helmer et al., 1988) that account for molecular weight variants of 22 000, 24 000 and
26 000 (Helmer et al., 1987, 1989a; C. Plante, W. W. Thatcher & P. J. Hansen, unpublished results).
The period of bTP-1 secretion has not been established, but it is maximal around Days 16-19 of
pregnancy (Bartol et al., 1985). However, mRNA for bTP-1 can be detected as early as Day 12
(Farin et al., 1989) and secretion of bTP-1 increases during elongation of the conceptus (Geisert et
al., 1988). The chorion may continue to secrete bTP-1 until at least Day 38 of pregnancy (Bartol et
al., 1985; Godkin et al., 1988b).

When infused into the uterine lumen of cyclic cows between Days 14 and 17, bTP-1 extended
functional lifespan of CL and decreased within-animal variability in concentrations of PGF-2a in
the posterior vena cava (Helmer et al., 1989a). Antiluteolytic effects of bTP-1 may result from
inhibition of PGF-2a secretion since bTP-1 decreases PGF-2a secretion from endometrial explants
while also inducing an intracellular inhibitor of PGF-2a synthesis (Helmer et al., 1989b). This
inhibitor can also be isolated from the cytosolic fraction of endometrium from pregnant cows
(Basu & Kindhal, 1987, Gross et al., 1988a). The inhibitor may inhibit cyclooxygenase since, in cell-
free systems of cotyledonary microsomal preparations rich in prostaglandin-synthesizing enzymes,
it blocks conversion of arachidonic acid to both PGF-2a and PGE (Gross et al., 1988a). The
inhibitor is non-competitive with respect to arachidonic acid substrate, protease-sensitive, precipi-
table with 20% ammonium sulphate and has Mr forms of 25 000-35 000 and 70 000-75 000 (Gross
et al., 1988a). The inhibitor appears to be distinct from peroxidase although peroxidase is presented
in elevated amounts in uterine tissues from pregnant cows (Gross et al., 1988b). Peroxidase can
be separated from the inhibitor during purification (T. S. Gross, W. W. Thatcher, P. J. Hansen &
G. Newton, unpublished results).

A problem with assigning a functional role to the inhibitor is the fact that it can inhibit both
PGF-2a and PGE synthesis. However, bTP-1 acts on endometrial explants to decrease PGF-2a
secretion and increase PGE secretion (Helmer et al., 1989b). Our working hypothesis is that the
inhibitor is compartmentalized within the endometrium. During the oestrous cycle, the major
source of endometrial PGF-2a is epithelial cells while the major source of PGE is stromal cells
(Fortier et al., 1988). Perhaps bTP-1 induces the inhibitor in epithelial, but not stromal, cells.

Endometrial tissues of cyclic and pregnant cattle at Day 17 after oestrus differ in their respon-
siveness to agents regulating prostaglandin synthesis (Danet-Desnoyers et al., 1990). Basal secretion
of PGF-2a is less in pregnant endometrium in the presence or absence of Ca' . Calcium ionophore
(A23187) stimulates PGF-2a secretion by pregnant endometrium in the presence or absence of
Ca', whereas endometrium from cyclic cows is more responsive to A23187 in the presence of
Ca2+ . Arachidonic acid availability appears limiting to prostaglandin production in pregnant
endometrium since addition of phospholipase A, (PLA-2) to endometrial cultures stimulates PGF-
2a secretion in the presence or absence of Ca' . Stimulation of pregnant endometrium with PLA-2
was reduced in the presence of calcium ionophore, but this effect was not detected for endometrium
of cyclic cows. Stimulation of PGF-2a secretion by endometrium from pregnant and cyclic cows is
increased by addition of arachidonic acid. Endometrium from pregnant cows (Day 17) has less
arachidonic acid bound to phospholipids than that from Day-17 cyclic cows (66.4 <143.8 jig
arachidonic acid in phospholipids/g endometrium; J. C. Curl & W. W. Thatcher, unpublished
observations). This decrease may be associated with development of extraembryonic membranes
for which arachidonic acid from the endometrial pool is essential.

During maternal recognition of pregnancy ovarian follicular populations are altered (Guilbault
et al., 1986) and follicular waves on the ovary bearing the CL, but not the contralateral ovary, are
suppressed (Ginther et al., 1989). These effects may be supportive of the antiluteolytic mechanism
whereby local suppression of follicular development reduces secretion of oestradiol that could
otherwise stimulate uterine secretion of PGF-2a (see Thatcher et al., 1986).

Efforts have been made to determine whether the antiluteolytic effects of rbIFNa and bTP-1 are
similar. The rbIFNa shares about 50% amino acid sequence homology with bTP-1 (Imakawa et



44 F. W. Bazer et al.

al., 1989). Intrauterine or intramuscular administration of rbIFNa can extend the length of the
oestrous cycle and lifespan of the CL (Plante et al., 1988, 1989). The rbIFNa is acting, at least in
part, to reduce PGF-2a secretion because oxytocin-induced 13,14-dihydro-15-keto PGF-2a release
is reduced by administration of rbIFNa intramuscularly or into the uterine lumen (Plante et al.,
1990).

Some actions of rbIFNa are pharmacological. Interferons may inhibit oestradiol and testoster-
one secretion (Kauppila et al., 1982; Orava et al., 1986). In cows, rbIFNa causes an acute decrease
in circulating concentrations of progesterone and coincident hyperthermia on the first day of injec-
tion (Newton et al., 1990; Plante et al., 1990). Subsquently, effects of rbl FNa on concentrations of
progesterone and hyperthemia are decreased. Effects of rbIFNa on circulating concentrations of
oestradiol have not been detected (Plante et al., 1990). Effects of rbIFNa on body temperature and
progesterone secretion must be considered in developing its use to increase embryonic survival.

Goat

Goat conceptuses may exert an antiluteolytic effect similar to that of sheep conceptuses. Goat
conceptuses survive and extend luteal function when transferred to ewes (Warwick & Berry, 1949)
and goat conceptuses secrete proteins with biochemical characteristics similar to those of oTP-1
(Gnatek et al., 1989). The uterine luteolysin in goats is PGF-2a and the conceptus interferes with
oxytocin-induced pulsatile release of PGF-2a (see Homeida, 1986).

Biosynthesis of oxytocin by granulosa cells of goats begins within 6-12 h after the ovulatory
surge of LH (Kiehm et al., 1989) and oxytocin is present in extracts of CL from goats (2 ug/g
compared to 2.6 and 1.1 ug/g for sheep and cow CL, respectively; see Homeida, 1986). Exogenous
oxytocin results in increased PGF-2a in blood and is luteolytic when administered between Days 3
and 6 of the oestrous cycle, an effect inhibited by administration of prostaglandin synthetase inhibi-
tors (see Homeida, 1986). Luteolytic pulses of PGF-2a are associated with pulses of oxytocin and
its neurophysin during luteolysis in cyclic goats (see Homeida, 1986) and luteolysis can be delayed
by intra-arterial administration of an oxytocin antagonist (Homeida & Khalafalla, 1987).

Removal of goat conceptuses from the uterine lumen between Days 13 and 15 does not affect
the interoestrous interval, but their removal on Day 17 does extend luteal lifespan by 7-10 days
(Gnatek et al., 1989). This suggests that maternal recognition of pregnancy in goats occurs around
Day 17. Between Days 16 and 21, goat conceptuses secrete cTP that can be immunoprecipitated
with antiserum to oTP-1 and may be the antiluteolytic protein (Gnatek et al., 1989). However,
other trophoblast proteins of higher molecular weight with basic pI values may also be involved in
establishment of pregnancy in goats. Pulsatile release of oxytocin and PGF-2a are suppressed in
pregnant compared to cyclic goats between Days 10-12 and oestrus or Day 20 of pregnancy (see
Homeida, 1986) suggesting that antiluteolytic mechanisms in the goat may be similar to those for
sheep and/or cows.
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