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Summary. In Exp. I, 0-5mg oestradiol or vehicle (0-5ml absolute ethanol + 0-5ml
0-9% NaCl) was injected i.v. at 08:00 h on Day 14 (onset of oestrus = Day 0). Blood
samples were obtained via a jugular catheter at 30 and 1 min before oestradiol and
every 30min for 10h afterwards. Plasma was obtained and assayed for 15-keto-
13,14-dihydro-PGF-2¢ (PGFM) by radioimmunoassay. Before oestradiol, PGFM
basal values were higher (P < 0-01) in pregnant (N = 10) than nonpregnant (N = 6)
ewes (193 + 30 vs 67 + 8 pg/ml). However, at 4-10 h after oestradiol, pregnant ewes
(N = 5) had less variable (P < 0-01) PGFM values than did nonpregnant ewes
(N = 5). In Exp II, conceptus secretory proteins (CSP) were obtained by pooling
medium from cultures of Day-16 sheep conceptuses (N = 40). Ewes received 750 pug
CSP + 750 ug plasma protein (N = 6) or 1500 ug plasma protein (N = 6) per uterine
horn at 08:00h and 18:00h on Days 12-14. All ewes received 0-5 mg oestradiol at
08:00h on Day 14 and blood samples were collected as in Exp. I and assayed for
PGFM. On Day 15, 3 ewes in each group received 10 i.u. oxytocin and 3 received saline
i.v. at 08:00 h and blood samples were taken continuously from 10 min before to 60 min
after treatment. Mean PGFM response to oestradiol was suppressed (P = 0-05) in
CSP- vs plasma protein-treated ewes (371 + 129 vs 1188 + 139 pg/ml). Oxytocin
induced a greater (P < 0-01) PGFM peak response in plasma protein-treated
(3972 £0 2199 pg/ml) than CSP-treated (1669 + 287 pg/ml) ewes. Uterine production
of PGF in response to oestradiol was suppressed in pregnant and CSP-treated ewes and
oxytocin-induced PGF production was also suppressed in CSP-treated ewes. These
results are consistent with the theory that CSP act to prevent luteolysis by altering
either the amount of PGF released by the uterus or the pattern of PGF release.

Introduction

Oestradiol (Barcikowski, Carlson, Wilson & McCracken, 1974) and oxytocin (Roberts,
Barcikowski, Wilson, Skarnes & McCracken, 1975) induce premature luteolysis in nonpregnant
ewes. However, doses of oestradiol which cause luteolysis in nonpregnant ewes are only partly
effective in pregnant ewes (Kittock & Britt, 1977). McCracken, Schramm & Okulicz (1984)
developed the following general hypothesis to explain events leading to luteolysis in ewes. They
proposed that oestradiol induces synthesis of oxytocin receptors which are inserted into the mem-
brane of endometrial cells and that oxytocin binding activates, via activation of adenylate cyclase
and cAMP, the arachidonic acid cascade and prostaglandin (PG) F-2a production. The PGF-2a is
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the uterine luteolytic hormone in sheep. McCracken et al. (1984) and Zarco, Stabenfeldt, Kindahl,
Bradford & Basu (1984) reported that pulsatile release of PGF-2a at a frequency of 5-6 episodes
per day between Days 15 and 17 of the cycle leads to luteolysis, whereas in nonpregnant ewes, only
1 or 2 PGF episodes per day are detected.

The mechanism whereby the conceptus inhibits the luteolytic effect of PGF in ewes is not under-
stood. However, available evidence suggests that a protein of conceptus origin is involved (Martal,
Lacroix, Loudes, Saunier & Wintenberger-Torres, 1979; Godkin, Bazer, Thatcher & Roberts,
1984). When proteins secreted by the sheep conceptus (Godkin et al., 1984) or conceptus homo-
genates (Moor & Rowson, 1966; Martal et al., 1979) are injected into the uterine lumen of non-
pregnant ewes between Days 12 and 18 of the cycle, the interoestrous interval is significantly
increased in most ewes. This suggests that conceptus secretory proteins play an essential role in
preventing luteolysis and allowing for establishment of pregnancy in ewes.

This study was to: (1) determine the effect of oestradiol-17p on uterine production of PGF,
measured indirectly as 15-keto-13,14-dihydro-PGF-2a (PGFM) in peripheral plasma of non-
pregnant and pregnant ewes, and (2) determine whether ovine conceptus secretory proteins alter
uterine production of PGF in response to exogenous oestradiol-17p and oxytocin.

Materials and Methods

Animals. Sexually mature ‘Florida Native’ ewes were checked daily (07:30-08:00 h) for oestrus
using vasectomized rams, and day of onset of oestrus was designated Day 0. Length of oestrous
cycles for the ewes ranged from 16 to 19 days. Ewes assigned to pregnant groups in Exp. I were
mated to fertile rams at detection of oestrus and at 12-h intervals thereafter until they failed to
exhibit oestrus. Ewes to remain nonpregnant were mated to vasectomized rams. Ewes were fed
0-5 kg concentrate per day and water and hay ad /ibitum. The experiments were conducted between
15 August and 1 January of two consecutive breeding seasons (1982 and 1983).

Surgical procedures and catheter placement. Anaesthesia was induced and maintained with
methoxyflurane (Metofane: Pitman-Moore, Inc, Washington Crossing, NJ, U.S.A.) administered
by a closed-circuit gas anaesthetic machine. In Exp. I, all ewes were fitted with a jugular catheter.
The polyvinyl catheter (V6, Bolab, Lake Havasu City, AZ, U.S.A.,i.d. 0-86 mm, 0.d. 1-52 mm) was
inserted into the jugular vein and a 36 cm exteriorized portion was secured to the shaved neck with
adhesive tape. The catheters were flushed and filled, when not in use, with heparinized saline
(200i.v./ml 0-155 M-NaCl).

In Exp. II also, ewes were fitted with jugular catheters as described for Exp. 1. In addition,
catheters were introduced into the lumen of each uterine horn, about 2 cm below the uterotubal
junction, via an incision in the oviduct and secured as described by Godkin et al. (1984).

In Exps I and II ewes were confined to mobile crates during the experimental period to prevent
damage to catheters.

Conceptus secretory protein and plasma proteins. Conceptuses (N = 40) were recovered and
incubated for 30h in 15ml Minimal Essential Medium at 37°C as described by Godkin et al.
(1984). The medium from cultures was concentrated and dialysed extensively (1000 M, cutoff-
dialysis tubing) against Dulbecco’s phosphate-buffered saline (PBS, Dulbecco & Vogt, 1954), pH
7-4 (6 litres changed four times). The preparation of conceptus secretory proteins (CSP) was
filter-sterilized and supplemented with penicillin (200 U/ml), streptomycin (200 pg/ml) and
fungizone (0-5 pg/ml). The protein concentration was 0-4 mg/ml (Lowry, Rosebrough, Farr &
Randall, 1951).

Plasma protein from a Day-16 pregnant ewe was diluted to 0-4 mg/m] in MEM and prepared as
described for CSP. Samples were stored at —20°C until used in Exp. I1.
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Hormone preparations. In Exps I and I1, 100 mg oestradiol-17p (Sigma Chemical Co., St Louis,
MO, U.S.A.) were dissolved in 100 ml absolute ethanol and stored at 4°C. At the time of injection
500 pg oestradiol-17p in 0-5ml ethanol were mixed with 0-5ml 0-9% (w/v) NaCl (vehicle) for
injection via jugular catheter.

Oxytocin (Sigma) was dissolved in 0-9% (w/v) NaCl solution at 10i.u./ml and 1 m] was injected
via the jugular catheter on Day 15 in Exp. 11.

PGFM radioimmunoassay. Concentrations of PGFM in plasma were measured using a
double-antibody RIA with a sensitivity of 50 pg/ml. Repetitive measurements of reference plasma
(800 pg/ml) in duplicate among 10 assays were used to determine intrassay (Exp. I = 9-4%; Exp.
IT = 8-:0%) and interassay (Exp. I = 15-2%; Exp. Il = 7-1%) coefficients of variation. Cross-
reactivity of the antibody to PGFM with PGF-2a, PGE-2 and 6-keto PGF-2a was less than 1%
(Guilbault, Thatcher, Drost & Hopkins, 1984).

The assay was validated for PGFM in sheep plasma by adding 250, 500, 1000 or 2000 pg PGFM
to PGFM-free plasma from wethers and quantifying recoverable mass. Recovery of added (x)
versus measured (y) PGFM concentrations was described by a linear regression (y = 42-0 + 1-03x;
R* = 096).

In this study, concentrations of PGFM are assumed to reflect primarily hormone-induced
changes in uterine production of PGF. Louis, Parry, Robinson, Thorburn & Challis (1977) first
reported a correlation (r = 0-6, P < 0-01) between PGF concentrations in right and left
utero-ovarian vein plasma and PGFM in jugular vein plasma of ewes. Since then several studies
have established that temporal changes in PGF and PGFM are comparable and correlate well with
physiological events resulting in increased rates of PGF production by the uterus, e.g. during
luteolysis and parturition (see Bazer, Sharp, Thatcher & Roberts, 1981).

Experiment 1. Ewes were assigned randomly to one of the following groups: (1) 5 ewes were
mated to fertile rams and injected i.v. with 0-5 mg oestradiol on Day 14 of pregnancy; (2) 5 ewes
were mated to fertile rams and injected with vehicle only on Day 14 of pregnancy; and (3) 6 ewes
were mated with vasectomized rams and injected i.v. with 0-5mg oestradiol on Day 14 of the
oestrous cycle. All ewes were fitted with jugular catheters on Day 12. On Day 14 two pretreatment
blood samples were obtained at 07:30 h and 08:00 h. Treatment was given immediately after the
08:00 h sample and post-treatment samples were taken at 30-min intervals until 18:00h. All
samples were kept on ice until centrifuged at 100 g for 20 min at 4°C. Plasma was stored at —20°C
until assayed for PGFM to determine effects of pregnancy on uterine production of PGF in
response to the oestradiol. On Day 15 ewes were anaesthetized, the reproductive organs were
exposed by mid-ventral laparotomy, and the presence of conceptuses in pregnant ewes was
confirmed. All ewes mated to fertile rams had morphologically normal conceptuses.

Experiment II. Ewes mated with vasectomized rams and fitted with uterine and jugular
catheters on Day 10 of the oestrous cycle were assigned randomly to receive bilateral intrauterine
injections of: (1) 0-75 mg CSP plus 0-75 mg plasma proteins per injection (N = 6) or (2) 1:50 mg
plasma protein only per injection (N = 6). All 12 ewes received intrauterine injections at 08:00 h
and 18:00 h on Days 12, 13 and 14. On Day 14 all ewes were injected with 0-5 mg oestradiol via the
Jjugular catheter at 08:02 h and pretreatment as well as post-treatment blood samples were collected
for assay of plasma PGFM concentrations as described for Exp I. On Day 15 one-half of the ewes
in each treatment group were injected with 10 i.u. oxytocin via the jugular catheter. The other ewes
received an i.v. injection of 1 ml 0:9% (w/v) NaCl via the jugular catheter. Blood samples were
withdrawn continuously, 1 ml/min, using an automated withdrawal pump and syringes were
changed every 10 min before oxytocin or saline injection until 60 min after injection. Samples were
centrifuged at 1000 g for 15 min, and plasma was removed and stored at —20°C until assayed for
PGFM. All ewes were observed for oestrus daily in the presence of vasectomized rams and
laparotomized the day after oestrus was detected or on Day 25. At surgery, catheter placement in
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the uterine lumen was confirmed, as was presence of the corpus luteum or corpus albicans marked
with India ink at the previous surgery.

Statistical analysis. Data were analysed by least squares analysis of variance and polynomial
response curves generated to describe temporal changes in PGFM (Barr, Goodnight, Sall, Blair &
Chilko, 1979). The statistical model allowed determination of effects of treatment, time after treat-
ment, treatment by time interaction and ewe within treatment on PGFM concentrations in plasma.
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Fig. 1. Concentrations of PGFM in plasma from (a) 5 pregnant ewes treated with ethanol-
saline vehicle; (b) 6 nonpregnant ewes treated with 0-5mg oestradiol-17p at 0 h; and (c) 5
pregnant ewes treated with 0-5 mg oestradiol-17f at 0 h. Individual ewe numbers identify the
response curve for each ewe.

Time was considered a continuous independent variable. Tests for homogeneity of regression were
used to detect differences in PGFM response curves amongst treatment groups (Snedecor &
Cochran, 1969). Equality of variances were tested by y? using the ratio of larger to smaller
estimates of variance (Steel & Torrie, 1960).
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Fig. 2. Concentrations of PGFM in plasma in response to 0-5 mg oestradiol-17 for (a) 5 ewes
receiving intrauterine injections of plasma protein (PP) and (b) 5 ewes receiving intrauterine
injections of conceptus secretory proteins on Days 12-14 of the oestrous cycle.

Results

Experiment 1

Before treatment with oestradiol or vehicle, mean (4 s.e.m.) concentrations of PGFM were
greater for pregnant (N = 10; 193 + 30 pg/ml) than nonpregnant (N = 5; 67 + 8 pg/ml) ewes. For
pregnant ewes receiving vehicle only (Fig. 1a) concentrations of PGFM in plasma remained
relatively constant during the 10-h sampling period. However, nonpregnant ewes treated with
oestradiol responded with highly variable episodes of elevated PGFM 4-8 h after oestradiol injec-
tion (148-1350 pg/ml) and in one ewe a second episode of elevated PGFM was detected at 9-5h
(Fig. 1b). Pregnant ewes treated with oestradiol did not respond with episodes of elevated PGFM,
and only one ewe had PGFM concentrations that exceeded 200 pg/ml (Fig. 1c). The other ewes in
that group maintained relatively constant PGFM concentrations (141 + 80 pg/ml).

There was heterogeneity of regression (P < 0-01) amongst PGFM responses of the three treat-
ment groups. Injection of vehicle to pregnant ewes failed to induce a PGFM response compared to
the two oestradiol-treated groups (P < 0-01). Injection of oestradiol induced a greater increase in
PGFM in nonpregnant ewes; but, statistically significant differences between treatment groups
were not detected because of the heterogeneity of variances. Nevertheless, pregnant ewes treated
with oestradiol had less variable (P < 0-01) concentrations of PGFM. Data were transformed to
natural logarithms and analysed. Again, heterogeneity of regression between the three treatment
groups (P < 0-01) was detected. Tests for homogeneity of regression indicated, however, that
PGFM response to oestradiol by pregnant ewes differed from that for nonpregnant ewes
(P < 0-05).
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Fig. 3. Concentrations of PGFM in plasma in response to i.m. injections of 10i.u. oxytocin or
saline for 3 ewes per treatment receiving injections of (a) plasma proteins (PP) or (b) conceptus
secretory proteins (CSP).

Experiment 11

Concentrations of PGFM in plasma were lower (P < 0-10) for CSP-treated ewes and there was
a sampling time by treatment interaction (P < 0-01) indicating that changes in PGFM induced by
oestradiol were different in CSP- and plasma protein-treated ewes (Fig. 2). The ewes treated
with plasma protein responded to oestradiol with episodes of elevated PGFM 4-8 h later, as for
nonpregnant ewes in Exp. I, and the magnitude of PGFM response was again highly variable
(mean + s.e.m., 1747 + 1339 pg/ml; range = 468-3764 pg/ml). The beginning of a second
increase in PGFM was detected in 3 of 6 ewes when sampling was discontinued at 10h after
treatment. None of 6 CSP-treated ewes had PGFM concentrations that exceeded 750 pg/ml
(mean + s.e.m., 595 + 123 pg/ml; range 397-747 pg/ml). Heterogeneity of regression (P < 0-01) in
concentrations of PGFM between CSP- and plasma protein-treated ewes indicated that CSP
altered the oestradiol-induced PGFM response.

Approximately 24 h after oestradiol injection (Day 15), CSP and plasma protein-treated ewes
received injections of 10i.u. oxytocin or 1 ml saline. A PGFM response was induced by injection of
oxytocin (P < 0-10) and time of sampling by injection interaction (P < 0-01) was also detected
(Fig. 3). This interaction indicated that the response to saline was less than that for oxytocin. Peak
PGFM response to oxytocin occurred at 30 min in each group. In the plasma protein—oxytocin
group, peak PGFM (mean + s.e.m.) was 3972 + 2199 pg/ml and peak concentrations exceeded
3674pg/ml in 2 of 3 ewes. The CSP-treated ewes had a less variable PGFM response
(1669 + 287 pg/ml) and values did not exceed 2000 pg/ml. A protein (CSP vs plasma protein) by
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injection (oxytocin vs saline) interaction (P < 0-01) indicated that the PGFM response to oxytocin
was greater in ewes treated with plasma protein than in those receiving CSP. In addition, inter-
oestrous interval (mean + s.d.) was greater (P < 0-10) for CSP-treated (22 + 4 days) than for
plasma protein-treated (18 + 2 days) ewes.

Discussion

The luteolytic effect of oestradiol (Barcikowski et al., 1974) and oxytocin (see Fairclough, Moore,
Peterson & Watkins, 1984) late in the oestrous cycle of sheep has been demonstrated. However,
oestradiol-induced release of uterine PGF is attenuated in the presence of the conceptus in the cow
(Thatcher et al., 1984) and ewe (Kittock & Britt, 1977). In the ewe, the conceptus also attenuates
oxytocin-induced production of PGF by the uterus (Fairclough et al., 1984). Data from Exp. 1
indicated that pregnant ewes responded to oestradiol with reduced PGF release from the uterus
compared to nonpregnant ewes. Five of 6 nonpregnant ewes responded to oestradiol with major
episodes of PGF release 4-8 h after oestradiol. However, all pregnant ewes treated with oestradiol
maintained relatively constant PGFM levels and no major episodes were detected. Basal PGFM
concentrations, however, were higher in pregnant ewes, probably due to PGF production by the
conceptus (Marcus, 1981).

Data from Exp. I established a model of differential PGF release from the uterus by pregnant
and nonpregnant ewes which allowed effects of CSP to be tested. The CSP were injected into non-
pregnant uteri during the time when the conceptus ‘signals’ its presence to the maternal system
(Moor & Rowson, 1966). The PGFM response to oestradiol was suppressed in CSP-treated ewes,
as in pregnancy (Exp. I). In addition, the PGFM response to oxytocin was suppressed in CSP-
treated ewes, and mean interoestrous interval was extended despite the two potent hormonal
challenges known to induce luteolysis in nonpregnant ewes. The ovine conceptus apparently pro-
duces one or more proteins capable of suppressing PGF release by the endometrium, but site and
mechanism of action of CSP have not been elucidated.

Ovine luteal tissue contains high concentrations of oxytocin (Wathes & Swann, 1982; Flint &
Sheldrick, 1982a) and oxytocin receptors have been identified in ovine endometrium (Roberts,
McCracken, Gavagan & Soloff, 1976). Oxytocin is thought to be involved in stimulating normal
luteal regression since: (1) active immunization against oxytocin delays luteolysis (Sheldrick &
Flint, 1984; Schams, Prokopp & Schmidt-Adamopoulou, 1982); (2) peaks of oxytocin-associated
neurophysin and PGF occur coincidentally late in the cycle (Fairclough et al., 1980); and (3)
exogenous administration of oxytocin induces luteolysis (Mitchell, Flint & Turnbull, 1975; Roberts
et al., 1976). Luteal secretion of oxytocin is stimulated by the PGF analogue, cloprostenol (Flint &
Sheldrick, 1982b); therefore, CL regression may result from a systemic positive feedback loop
involving initial secretion of PGF by the uterus and subsequent release of oxytocin from the CL
which would reinforce PGF production by the uterus. Interruption in this mechanism may alter
episodic release of PGF and allow extended corpus luteum function, while basal prostaglandin pro-
duction may actually increase. Since basal PGFM concentrations are elevated during early preg-
nancy according to present results and those of others (Wilson, Cenedella, Butcher & Inskeep,
1972; Ellinwood, Nett & Niswender, 1979), interference with uterine PGF secretion during ges-
tation may not occur at the oxytocin receptor level. Alternatively, the production of PGF and PGE
by the sheep conceptus may account for elevated basal values of PGFM in pregnant ewes.

The conceptus-produced proteins may alter enzymic conversion of intermediates in prosta-
glandin biosynthesis, which may explain the increase in the ratio of PGE-2:PGF-2a reported for
pregnant ewes between Days 13 and 15 (Silvia, Ottobre & Inskeep, 1984). Prostaglandins E-2 and
F-2a are derived from a common endoperoxide intermediate (Hamberg & Samuelsson, 1973); and
driving synthesis toward one product therefore reduces levels of the other. The diversity of biologi-
cal activities of the two prostaglandins (Horton, 1972; Hinman, 1972) suggests that physiological
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processes such as luteolysis could be efficiently controlled by stimulating enzymic pathways
favouring high PGE-2:PGF-2a ratios.

The CSP may act on uterine endometrium to inhibit oestradiol and oxytocin-induced PGF pro-
duction. The CSP probably do not affect PGF-2a production at the level of the oestradiol receptor,
since many other oestradiol effects are required and have been observed throughout gestation
(Catchpole, 1977). However, the luteolytic effect of oestradiol is inhibited by infusion of CSP which
is consistent with earlier reports for pregnant ewes (Kittock & Britt, 1977) and cows (Thatcher et
al., 1984).

The conceptus proteins may also alter binding of oxytocin to its receptor. Suppression of
oxytocin-induced PGFM response by CSP in Exp. II could be due to decreased oxytocin receptor
numbers, as occurs in pregnant sheep (McCracken er al., 1984), or to competitive binding of
conceptus protein to the receptor. However, basal PGFM concentrations were elevated in Exp. I,
perhaps due to conceptus PGF production, as reported previously (Marcus, 1981). Therefore, it
appears that the difference in response to oxytocin between CSP- and plasma protein-treated ewes
is regulated at a point beyond the receptor level, perhaps through differences in activity of enzymes
affecting synthesis and/or metabolism of prostaglandins.

Zarco et al. (1984) reported that the mean number of PGFM pulses per 25 h in nonpregnant
ewes was 5-5 compared to only 1-3 in pregnant ewes, although PGE-2 increases dramatically
between Days 13 and 15 of pregnancy (Silvia ef al., 1984). It is possible that PGF-2q is readily con-
verted to PGE-2 in the presence of oxidized cofactors (Lee & Levine, 1974) which would reduce the
number of PGF peaks in early pregnancy. Concentrations of PGE-2 in the circulation of CSP- and

plasma protein-treated ewes receiving oestradiol and oxytocin have not been determined.
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