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Maintenance of the Corpus Luteum of Early Pregnancy in the Ewe.II. Prostaglandin Secretion by the Endometrium

in vitro and in vivo
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Department of Physiology and Biophysics,
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Fort Collins, Colorado 80523

ABSTRACT

To determine if the synthesis and/or secretion of prostaglandins PGF20 and PGE2 differed

during the late luteal phase of the cycle and early pregnancy, a combination of in vivo and in vitro

parameters were studied. Synthesis of PGF20 and PGE2 by ovine endometrial tissue in vitro was

studied on Days 13, 15 and 17 of the estrous cycle and pregnancy. The prostaglandins were quanti-

fied by radioimmunoassay. There was no difference in the quantity of PGF20 synthesized by tissue

collected on Day 13 of either the cycle or pregnancy. Synthesis of PG F20 was greater on Day 15

(P<0.01) and tended to be greater on Day 17 (P<0.10) of pregnancy than on Day 15 or 17 of the

estrous cycle. Synthesis of PGE2 was also significantlygreateron Days 15 (P<.O01) and 17(P<0.05)

of pregnancy than on the same days of the estrous cycle. Synthesis rates of both PGs in vitro

tended to decrease from Days 13-17 in tissue collected from cycling ewes, while increasing from

Days 13-15, then falling again on Day 17 of pregnancy. Concentrations of PGF20 and PGE2 in

endometrial tissue followed the same pattern as in vitro secretion, suggesting that in vitro secretion

accurately reflects the in vivo capacity of endometrial tissue to synthesize PGs. Concentrations of

PGF20 in uteroovarian venous serum were greater on Day 13 (P<0.05) and not different on Days

15 and 17 of pregnancy compared with the same days of the estrous cycle. However, concen-

trations of PGE2 in uteroovarian venous serum were greater on Days 15 (P<0.01) and 17 (P<0.05)

of pregnancy than on the same days of the estrous cycle. Prostaglandin F20 was present in uterine

flushings in extremely small quantities (0.3-0.6 ng/ml) and PGE2 was nondetectable (<10 pg/mi)

on Days 13, 15 and 17 of the estrous cycle. In contrast, concentrations of PGF20 and PGE2 were

relatively high on all days of pregnancy examined and on Day 15 were at least 50 times greater

than on Day 15 of the estrous cycle.

These data indicate that the capacity of endometrial tissue to secrete PGF20 is increased during

early pregnancy. The fmding that PGE2 is also secreted at a greater rate during early pregnancy

lends support to the hypothesis that PGE2 may be the factor responsible for maintenance of the

corpus luteum of early pregnancy.

INTRODUCTION

There is good evidence that prostaglandin

(PG)F2� of uterine origin is the agent respon-

sible for regression of the corpus luteum at the

end of the estrous cycle of the ewe (for reviews

see Goding, 1974; Horton and Poyser, 1977).

Maintenance of early pregnancy in the ewe

requires extension of the lifespan of the corpus

luteum (Denamur and Martinet, 1977), but the

effect of pregnancy on the luteolytic process is

poorly understood. The embryo must be
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present in the uterus by the 13th day postestrus

to prevent luteolysis (Moor and Rowson,

1966a.b) even though attachment of the

trophoblast to the uterine endometrium does

not occur until after Day 18 postestrus (Amo-

roso, 1951) and interdigitation of embryonic

and maternal tissues does not occur until the

4th week of gestation (Boshier, 1969). Thus,

the embryo somehow overcomes the luteolytic

effects of PGF2a 4-5 days prior to attachment.

The hypothesis that the embryo reduces

synthesis and/or secretion of PGF2a from

endometria! tissue has received considerable

attention but results have been contradictory.

Thorburn et al. (1973) and Barcikowski et a!.

(1974) reported that PGF concentratiqns in

uteroovarian venous plasma wer�lower ‘during

early pregnancy than during lute’olysis in

cycling ewes. In contrast, concentrations of
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PGF2a in uterine venous plasma of pregnant

ewes were reported to be greater (Wilson et a!.,

1972a) or not different (Pexton et al., 1975a,b;

Cerini et a!., 1976; Nett et al., 1976; Lewis et

al., 1977) than concentrations in uteroovarian

venous plasma of cycling ewes on Days 13-17

postestrus. Nett et al. (1976) suggested that the

frequency of peak concentrations of PGF2a in

uteroovarian venous plasma rather than the

mean concentrations may be important in

luteolysis. More research is needed before this

issue can be resolved.

Inskeep et a!. (1975) found that intra-

follicular injection of PGF2� in doses that were

luteolytic in nonpregnant ewes were not

luteolytic in pregnant ewes, suggesting that

luteolysis was prevented at the ovarian level by

a factor produced during early pregnancy. In a

series of elegant experiments involving vascular

cross-anastomoses, Mapletoft and coworkers

confirmed that a factor from the gravid uterine

horn prevents luteolysis at the ovarian level and

that this effect is exerted through a local

uteroovarian venoarterial pathway (Mapletoft

et al., 1975; Mapletoft et al., 1976). Conflicting

data have been obtained in vitro which suggests

that PGF2a has a slight stimulatory effect on

progesterone secretion from dispersed bovine

lutea! cells (Hixon and Hansel, 1977).

Prostaglandin E2 has been identified in

extracts of endometrial tissue of ewes (Wilson

et a!., 1972b) and has the potential to be the

factor that maintains the corpus luteum. It is a

potent vasodilator and could overcome the

vasoconstrictive effects of PGF2a (Bergstrom et

a!., 1968; Dunham et al., 1974). PGE2 has been

shown to stimulate cAMP synthesis and proges-

terone production by luteal tissue in vitro

(Speroff and Ramwell, 1970; Marsh, 1971;

Kuehl et al., 1972; Macyama et a!., 1976) and

will prevent PGF2a-induced reduction in

progesterone secretion when both hormones are

infused simultaneously into the ovarian artery

of cycling ewes (Henderson et al., 1977). Pratt

et a!. (1977) found that intrauterine adminis-

tration of PGE2 lengthened the estrous cycle of

ewes by ‘\‘2 days; more recently, intrauterine

administration of large doses of PGE2 have

been reported to prevent both natural and

estradiol-induced luteolysis in cycling ewes

(Magnes et a!., 1978; Colcord et al., 1978).

Since PGF2a has been shown to be transferred

from uteroovarian vein to ovarian artery in the

ewe (McCracken et a!., 1972; Land et a!., 1976)

and cow (Hixon and Hansel, 1974), it seems

likely that PGE2 could also reach the ovary via

this pathway.

Bazer et a!. (1977) hypothesized that

maintenance of the corpus luteum of pregnancy

in the pig is due to a shift in direction of

secretion of PGF2a towards the uterine lumen

and away from the vascular system. In non-

pregnant pigs, PGF2� is secreted primarily into

the vasculature, whereas during pregnancy it is

secreted primarily into the uterine lumen where

it appears to be sequestered.

The present study was designed to investi-

gate 3 possibilities whereby the luteotropic

effects of the ovine embryo are mediated via

the uterus: 1) the embryo prevents production

and/or alters secretion of the uterine luteolytic

factor; 2) the embryo stimulates the uterus to

synthesize and secrete a factor which maintains

the corpus luteum at the level of the ovary; and

3) both mechanisms occur simultaneously.

When embryos are removed from the uterine

lumen after Day 12 of pregnancy, the corpus

luteum is maintained until at least Day 25

(Moor and Rowson, 1966a; Ellinwood et a!.,

1979). Thus, the effect of the embryo is

relatively long lasting and does not require

continuous presence of the embryo in the

uterine lumen. To test the hypothesis that the

embryo affects endometria! synthesis and/or

secretion of prostaglandins, the capacity of

endometrial tissue to synthesize PGF2a and

PGE2 in vitro on Days 13, 15 and 17 of the

estrous cycle and pregnancy was examined.

Concentrations of PGF2a and PGE2 were also

measured in endometria! tissue, uteroovarian

venous serum and uterine lumina! flushings on

Days 13, 15 and 17 of the estrous cycle and

pregnancy.

MATERIALS AND METHODS

Animals and Experimental Protocol

Western range ewes were checked visually for

estrous behavior twice daily using vasectomized rams.

The first day a ewe stood to be mounted was desig-

nated as Day 0 of the estrous cycle. Only ewes that

had 2 consecutive normal estrous cycles (16-18 days)

were used. To obtain pregnant ewes, estrous ewes were

penned with 2 fertile rams. Thirty ewes, 15 non-

pregnant and 15 pregnant, were assigned randomly for

sample collection on Days 13, 15 and 17 postestrus (n

= 5/group). Ewes were anesthetized with sodium

pentobarbital and the reproductive tract exposed via a

midventral laparotomy. Blood samples (50 ml) were

taken simultaneously from the uteroovarian vein on

the side ipsilateral to the ovary bearing the corpus

luteum and from the jugular vein. To minimize trauma-
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OVINE PROSTAGLANDIN SECRETION 847

induced prostaglandin synthesis, care was taken to

handle the reproductive tract by holding the meso-

metrium rather than the uterus itself. The uterine horn

ipsilateral to the ovary bearing the corpus luteum was

flushed with 25 ml sterile isotonic saline (Ellinwood et

al., 1979). If the ewe was from a pregnant group,

pregnancy was verified by identifying an embryo in

the flush. Flushings were transferred to Nalgene vials

and snap-frozen in a dry ice-acetone bath. The uterus

was quickly removed and placed on ice. The endo-

metrium was dissected free and placed in 50 ml ice

cold tissue culture Medium 199 containing 25 mM

HEPES (N-2-hydroxyethylpiperazine-N’-2-ethanosul-

fonic acid, pH 7.4). An aliquot of endometrial tissue

(1-2 g) was snap-frozen (elapsed time 30 seconds) in a

dry ice-acetone bath for later determination of con-

centrations of PG in tissue. Only endometrial tissue

from the uterine horn ipsilateral to the ovary bearing

the corpus luteum was taken. In each pregnant ewe,

the embryo was recovered from the uterine horn

ipsilateral to the ovary bearing the corpus lutewn.

Eight slices of endometrial tissue, ‘\�200 mg each,

were taken at random from each uterus and washed 3

times in separate beakers containing fresh, ice cold

Medium 199. Slices were incubated individually at

37#{176}Cin a 15 ml glass vial containing 10 ml Medium

199. Two of the 8 slices from each uterus were treated

with indomethacin (10� M), an inhibitor of PG syn-

thesis (Vane, 1971). Samples (2 ml) were taken from

each vial at 20, 80 and 160 mm and frozen in a dry

ice-acetone bath for later analysis of PG. At the end of

the incubation period, slices were blotted dry and

weighed. Each sample of supernatant was assayed in

duplicate for PG F20 and PGE2. Little synthesis of

either PG occurred between 80 and 160 mm; there-

fore, data are expressed as pg PG secreted/mg wet

tissue weight/80 mm. Data were corrected by subtract-

ing the amount of PG produced by the indomethacin

treated slices from the total PG synthesized. Indo-

methacin (10-s M) inhibited synthesis of PGF20 and

PGE2 by 92% and 91%, respectively. Net synthesis of

each PG by each slice (pg/mg/80 mm) was calculated

and the average rate for 6 slices (corrected for the

amount of PG5 produced by the 2 indomethacin

treated slices) yielded a single value for each animal.

To quantify PG in endometrial tissue, each sample

(stored frozen at -20#{176}C) was thawed just enough so

that the frozen pellet of tissue would slide Out of

the tube. The pellet was weighed and homogenized for

60 seconds at one-half maximal speed in a Polytron

homogenizer (Brinkman Instruments, Inc.) in absolute

ethanol (5 ml/g) containing iO� M indomethacin to

abolish synthesis of PG during homogenization. After

homogenization, 3000 cpm [3H]-PGF30 (104 pg) and

5000 cpm [3H1-PGE3 (12 pg) were added to monitor

losses during the remainder of the procedure. Homog-

enates were centrifuged for 10 mm at 2250 X g and

supernatants were transferred to 50 ml extraction

tubes. Each pellet was washed with 5 ml absolute

ethanol, centrifuged and supernatants were decanted.

Combined ethanolic extracts were dried under a

stream of nitrogen at 45#{176}Cand reconstituted in 5 ml

phosphate buffered saline (pH 7.0). Contaminating

neutral lipids were extracted with 10 ml petroleum

ether, which was discarded. After the pH of the saline

solution was adjusted to 4.0 with citric acid, PGs were

extracted twice with 2 volumes ethyl acetate. The

combined organic phases were dried under nitrogen at

45#{176}Cand siicic acid column chromatography was

performed as described by Caldwell et al. (1971).

Average recoveries of (3H1-PGE2 and [3H1-PGF20

through the entire procedure were 50% and 60%,

respectively.

Jugular and uteroovarian venous blood was allowed

to clot overnight at 4#{176}Cand serum was separated by

centrifugation. Prostaglandins are not formed during

the clotting process in sheep (Nett, unpublished

observation). Uterine flushings were centrifuged at

2250 X g for 1 h to remove uterine and embryonic

debris. After acidification to pH 4.0 with citric acid,

aliquots of uteroovarian venous serum, uterine flush-

ings or tissue culture medium (PGF20 assay) were

extracted twice in 10 volumes ethyl acetate. Each

extract was washed with 1 ml deionized water, which

was also acidified to pH 4.0 with citric acid. Combined

organic phases were dried under nitrogen at 45#{176}Cand

reconstituted in phosphate buffered saline containing

0.1% gelatin for radioimmunoassay. Recovery of

[3H1-PG (both F20 and E2) from uterine flushings and

tissue culture medium was 95-100% while recovery

from serum was 85-90%. Concentration of protein

in uterine flushings was determined by the method of

Lowry et al. (1951).

Radioimmunoassay

Glass-distilled organic solvents from Burdick and

Jackson Laboratories (Muskegon, Ml) were used

without further purification. [3H1-Prostaglandin E2

(130 Ci/mM) and (3Hj-PGE30 (9.2 Ci/mM) were

obtained from New England Nuclear Corp. (Boston,

MA). All nonradioactive PGs, except PGB2 were

gifts from the Upjohn Co. (Kalamazoo, Ml). Prosta-

glandin B3 and arachidonic acid were obtained from

Sigma Chemical Co. (St. Louis, MO). High specific

activity carrier-free Na-’25 I was obtained from Amer-

shani-Searle Corp. (Arlington Heights, IL). Tissue

culture Medium 199 was obtained from Grand Island

Biological Co. (Santa Clara, CA).

For thin-layer chromatography (TLC), silica gel

thin-layer plates (Eastman no. 6061) were sprayed to

saturation with 10% AgNO, in 86% aqueous ethanol,

dried with a hair dryer and activated in an oven for 3 h

at 60#{176}C(Willis, 1970). Plates were stored in a sealed

opaque envelope and were used within 2 weeks.

Samples were applied in absolute ethanol and plates

were developed in ethyl acetate: H3 0: iso-octane: acetic

acid (11:10:5:2, equilibrated 2 h) to a distance of 17

cm (Kingston and Greaves, 1976). Marker prosta-

glandins were visualized with anisaldehyde reagent

(Kiefer Ct al., 1975). After TLC, the desired zones of

the plate were scraped Onto glossy paper, transferred

to extraction tubes and vortexed with 3 ml 2% NaCI

to precipitate Ag�#{176}ions (Willis, 1970). The solution

was then adjusted to pH 4.0 with citric acid and

extracted twice with 3 ml ethyl acetate. The organic

phase from each extraction was washed twice in

separate tubes containing 1 ml water which had been

acidified to pH 4.0 with citric acid. Double back-

washing in water was necessary to remove excess NaCI

and ensure low blanks in the radioimmunoassay. The

combined organic phases were dried under a stream of

nitrogen at 45#{176}Cand reconstituted in 0.05 M phos-

phate buffered saline containing 0.1% gelatin for
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asee Fig. 2.

radioimmunoassay. The ability of [3H1-PGF20 to bind

to anti-PGF20 serum after chromatography on silica

gel was reduced by 27.9 ± 3.3% (mean ± SEM). This

could not be attributed to blanks associated with

extraction of PGF30 from the silica gel and appeared

to be caused by alteration of the PG on the TLC plate.

Final values after TLC were corrected for the loss in

bindabiity, which was monitored on every plate.

Binding of [3H1-PGE2 to anti-PGE2 serum was un-

affected by TLC. Separation of PG of the E and F

series was performed on extracts of endometrial tissue

using siicic acid mini-columns (0.5 X 7 cm) as des-

cribed by Caldwell et al. (1971).

An equilibrium double-antibody radioimmuno-

assay procedure (Niswender and Midgley, 1972) was

used for quantification of PGF20 and PGE2. Anti-

serum to PGE2 was raised in rabbits against a PGE2 -

bovine serum albumin conjugate (Hwang et al., 1975).

Radioactive antigen used in the PGE2 assay was

PGE2-5,6,8,11,12,14,15-[3H) (specific activity = 130

Ci/mM) obtained from New England Nuclear Corp.

(Boston, MA). Approximately 30% of the radioactive

antigen was bound to antibody at a final dilution of

1:20,000 in the absence of unlabeled hormone.

Antiserum to PG F20 was a gift from Dr. Kenneth

Kirton of the Upjohn Company (Kalamazoo, MI).

Radioactive antigen in the PGF20 assay was an PGF20-

[‘2511-tyrosine methyl ester (PGF20-TME-( ‘251J)

conjugate (Nett et al., 1976) radioiodinated by the

method of Niswender et a!. (1969). Approximately

45% of the radioactive antigen was bound to antibody

at a final dilution of 1:15,000 in the absence of

unlabeled hormone.

Relative potencies of several PG5 and PG metabo-

lites in the PG F20 and PGE2 assays are listed in Table

1. Prostaglandin E, had the greatest crossreactivity

(20. 36%) of any of the compounds tested in the PGE2

assay system. Prostaglandin A2 and PGF20 exhibited

about 1% of the activity of PGE2 and all other com-

pounds tested had less than 0.5% crossreactivity.

Prostaglandin F10 cross reacted in the PGF20 assay in

nonparallel fashion, with relative potency ranging

from 2.5% to greater than 100% (Fig. 2). This phe-

nomenon has been observed in other PGF20 radio-

immunoassay systems (Kirton et al., 1972; Stylos et

al., 1972). Relative potencies of all other compounds

tested in the PGF20 assay system were less than 0.5%

of PGF30.

Values obtained by radioimmunoassay of culture

medium, uteroovarian venous serum and uterine

flushings before and after extraction and TLC are

shown in Table 2. Varying quantities of nonextracted

samples of uterine venous serum and uterine flushings

produced inhibition curves that were not parallel

to the standard curve. There were no differences

(P>O.05) between extracted and chromatographed

values for any test substances in either assay system as

determined by one-way analysis of variance and

Tukey’s had procedure. There was no difference

(P>0.05) in concentrations of PGE2 determined on

nonextracted, extracted, or chromatographed tissue

culture medium. Therefore, measurements of both

prostaglandins were performed directly on extracted

serum, culture medium (PGF20) and uterine flushings

without chromatography. Radioimmunoassay of

PGE2 in tissue culture medium was performed without

extraction.

Since PGF,0 cross reacts in the PGF20 assay in a

nonparallel fashion, significant contaminating quan-

tities of PGF,0 would result in nonparallelism between

unknown and standard inhibition curves. This was not

the case. Inhibition curves generated with varying

quantities of extracts of uteroovarian venous serum,

uterine flushings and tissue culture medium were

parallel to standard curves in both assay systems (Figs.

1, 2). Prostaglandin F20 (78 pg-20 ng/ml) added to

serum [regression analysis gave a correlation coefficient

(r) of 0.99 between the PGF20 added and that mea-

sured with a slope (b) of 1.031, or added to tissue

culture medium (r = 0.99, b = 1.00) could be quanti-

tatively recovered. Similarly PGE2 (78 pg-20 ng/ml)

added to serum prior to extraction (r = 0.99, b = 1.12)

or to tissue culture medium (r = 0.99, b = 1.09) could

be quantitatively recovered. Intraassay coefficients of

variation at 25 and 70% inhibition in the PGF20 assays

were 13.7 and 7.7%, respectively. Corresponding

interassay coefficients of variation were 18.3 and

11.8%. Intraassay coefficients of variation at 15 and

70% inhibition in the PGE2 assays were 21.5 and

7.9%, respectively. Corresponding interassay co-

efficients of variation were 28.2 and 10.6%.

Concentrations of progesterone in jugular and

TABLE 1. Relative potency of selected prostaglandins in PGF20 and PGE2 radioimmunoassay systems.

Compound PGE2 assay PGF20 assay

PGE2 100.0 0.03

PG F20 1.04 100.00

PGE, 20.36 0.05

PGF10 0.32 2.5_lOOa

PGA, 0.19 <0.01

PGA2 1.12 <0.01

PGB2 <0.01 <0.01

13,1 4-Dihydro-1 5-keto-PGF20 <0.01 0.23

15-keto-PGF20 <0.01 0.34

1 3,14-Dihydro-1 5-keto-PGE2 0.04 0.04

PGI (6-keto-PGF10) 0.24 0.21

Arachidonic acid <0.01 <0.01
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uteroovarian venous serum were quantified by radio-

I I immunoassay according to the method of Niswender
� (1973).I � > � � > �‘>‘ Data were analyzed by analysis of variance. If

I nonhomogeneity of variance was indicated, data were
I) 1 transformed by taking the log of 1 plus the value and
0’
o -�I analysis was performed on transformed data. Signifi-

C I cance of differences between treatment means was

c� I tested using the LSD procedure (Steel and Tome,
1�
� I-I” o� 1960).

000’O -lOON

0 �11
15 � �

+lHH +l+l4�

U I
a �

Iu ‘�‘ ‘� RESULTS,f ,�-lV�O�E > Data regarding the net synthesis of PGF2� in
a

vitro and PGE2 by endometria! tissue collected

a on Days 13, 15 and 17 of the estrous cycle and

2
pregnancy are shown in Table 3. Synthesis of

PGE2 was greater on Days 15 (P<0.01) and 17
u
V (P<0.05) of pregnancy than on the same days
a I

I ‘� of the estrous cycle. Synthesis of PGF2� was

v v greater on Day 15 of pregnancy (P<0.01) than
I� >‘�;#{176}>‘

�, on Day 15 of the estrous cycle and tended to
C

be greater on Day 17 (P<0.10). Net synthesis

� of both PGs tended to decrease from Days
� ._.I 13-17 in tissue collected from cycling ewes,

V ‘01
O UI

I while increasing from Days 13-15 and then
2 ‘�

a � � �. ,,� falling again on Day 17 in tissue collected from
ONO NOO’0

10� 1 � � � pregnant ewes.

� *‘o,,�� .5 1� �1 41 � � Concentrations of PGF2a and PGE2 in>. endometria! tissue followed the same pattern as
a � ,4,� u
0 > N
o synthesis in vitro on Days 13, 15 and 17 of the

estrous cycle and pregnancy (Table 4). Concen-
C

� u trations of PGE2 in endometria! tissue were
greater on Days 15 (P<0.01) and 17 (P<O.05)

2 �‘. 2 of pregnancy than on the corresponding days of
2 V 0. the estrous cycle. Concentrations of PG Faa

0 0 0 0 � were greater on Day 15 (P<0.01) of pregnancy

� o� z z>� Z z � .� than on Day 15 of the estrous cycle. There was

� E no difference in endometria! concentrations of

‘0 ‘0 PGF2a between pregnant and cycling ewes on

� � Days 13 and 17 postestrus.

isi’ 21
o � I �. Prostaglandin F2a concentration in the
0.

� I �. �. uteroovarian vein was greater on Day 13 of

� l l(l o, � 0 pregnancy than on Day 13 of the estrous cycle

ONO 00-I 0 �Z � �n o � (P<O.05), but there were no other differences
114444 411444 -O or

V N 0’.

‘0 OO 0. * � �. � � (Table 5). Prostaglandin E2 concentrations in
0 r’i * * ‘n * n. uteroovarian venous serum were greater on

N

o

8 �. 2 � 0 Days 15 (P<0.01) and 17 (P<O.05) of preg-
�.. �. ‘#{176} o .� nancy than on the same days of the estrous
o.o ‘0 V

o �‘ .a cycle (Table 5).

� o Prostaglandin F2a was present in the uterine

a ‘� lumen in extremely small quantities and PGE2

.0 was nondetectable on Days 13, 15 and 17 ofUI

Q.o E� o

2.0 E.o ‘� a o� the estrous cycle (Table 6). Concentrations of
� .E
v s. � PGF2a and PGE2 were greater (P<0.01) on

_�ia 0
‘i’ �j’ll � � .0 V ‘0 Days 13, 15 and 17 of pregnancy than on

0. corresponding days of the estrous cycle; on Day
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FIG. 1. Inhibition curves generated in the radio- FIG. 2. Inhibition curves generated in the radio-
immunoassay for PGE3 by increasing quantities of immunoassay for PGF20 by increasing quantities of

PGE2 (I), uteroovarian venous serum (0), uterine

flushings (*),culture medium 1 after incubation of

endometrial slices from cyclic ewes (�) and culture

medium 2 after incubation of endometrial slices from

PGF20 (.-.), PGF,0 (0-0) and serial dilutions of

extracts of uteroovarian venous serum (a), uterine

flushings (*) and culture medium (0). Each point

represents the mean of 3 determinations.

pregnant ewes (a). Each point represents the mean of

3 determinations.

strongly suggests that the secretion rates

determined are a reflection of the capacity of

17 of pregnancy they reached levels that were endometria! tissue to synthesize PGs. These

“50 times greater than on Day 15 of the

estrous cycle. Protein concentration in uterine

flushings was greater on all days of pregnancy

data indicate that the capacity of the endo-

metrium to synthesize PGF201 during early

pregnancy is not decreased, but is actually

than on corresponding days of the estrous increased. The findings agree with those of

cycle and increased from Days 1317 p05t Wilson et al. (1972a) and Lewis et a!. (1977).

estrus (Table 7). There were no differences in

protein concentrations of uterine flushings

taken during the estrous cycle,

Concentration of progesterone in jugular

Since PGF201 is secreted from the uterus is a

pulsatile manner (Thorbumn et a!., 1973; Nett et

a!., 1976), it is difficult to make valid con-

clusions about concentrations in uteroovarian

vein serum was greater on Days 15 and 17 of

pregnancy (P<O.01) than on the same days of

the estrous cycle. In nonpregnant ewes, proges-

terone concentrations had begun to fall by Day

venous serum when a single sample was taken

from each ewe. However, there was no evidence

in these studies that concentrations of PGF201 in

uteroovarian venous serum were reduced during

15 and reached baseline levels by Day 17

postestrus. These data indicated that these ewes

early pregnancy. This is in variance with the

conclusions of Thorbumn et a!. (1973) and

were behaving normally in terms of timing and Barcikowski et a!. (1974). Thorburn et a!.

onset of luteal regression and that luteal func- (1973) reported that PGF concentrations in

tion was maintained and normal through Day

17 in all pregnant ewes.

DISCUSSION

Both PGF201 and PGE2 were synthesized and

secreted in vitro by endometrial tissue collected

uteroovarian venous plasma were lower during

early pregnancy than during luteolysis in

cycling ewes. However, pregnancy could be

verified in only 1 of the 3 ewes presumed

pregnant. The profile of concentrations of PGF

in the uteroovarian vein depicted for this

animal does not appear to be different than the

on Days 13, 15 and 17 of the estrous cycle and

pregnancy. Presence of an embryo appears to

stimulate synthesis and secretion of both

PGF201 and PGE2 and this is most apparent on

profiles depicted for 2 nonpregnant ewes in

which luteolysis was shown to occur. In another

study, Barcikowski et a!. (1974) reported a

difference in secretion of PGF between cycling

Day 15 postestrus. The fact that concentrations and pregnant sheep. However, the comparison

of PGF201 and PGE2 in endometria! tissue

followed the same pattern as in vitro secretion

was made between 1 cycling ewe which had a

uteroovarian autotransplant and 1 pregnant ewe
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TABLE 7. Protein recovered from uterine lumen on Days 13, 15 and 17 of estrous cycle and pregnancy (pg/mI

25 ml flush ± SEM).a

Cycle Pregnancy

Day 13 114.8 ± 30 * 283.6 ± 53

N N

Day 15 154.4±64

N

#{149} 366.0±84

�

Day 17 123.3 ± 54 594.0 ± 28

aMean ± SEM; n = 5. Compare means in adjacent boxes.

‘P<O.OS; �P<O,O1; N = no difference (P>005).

with the reproductive tract in situ. In contrast,

concentrations of PGF2a in uterine or utero-

ovarian venous plasma of pregnant ewes have

been found to be greater (Wilson et al., 1972a)

or not different (Pexton et a!., 1975a,b; Cerini

et a!., 1976; Nett et a!., 1976; Lewis et a!.,

1977) than concentrations of uterine or utero-

ovarian venous plasma of cycling ewes on Days

13-17 postestrus.

The data from the present study indicate

that PGs are somehow sequestered into the

uterine lumen during early pregnancy. The

concentrations of protein recovered from the

uterine lumen were greater on Days 13, 15 and

17 of pregnancy than on the corresponding

days of the estrous cycle. Some of the protein

detected in uterine flushings may have been due

to solubilization of embryonic proteins. How-

ever, total protein recovered on Day 13 of

pregnancy was greater (P<0.05) than on Day

13 of the cycle, when contribution of embry-

onic protein to total protein was negligible. On

Day 13 of pregnancy, the embryo is a small

spherical or slightly ovate blastocyst no more

than 2-3 mm in diameter, yet an average of 7.1

mg (283.6 pg/mI x 25 ml) total protein was

recovered from the uterine lumen of the 5

pregnant ewes, compared with 2.9 mg from the

5 cycling ewes. This suggests that the endo-

metrium may secrete pregnancy-specific pro-

teins as early as Day 13 postcoitum in the ewe,

Some of these proteins might sequester PGF2a

(Ellinwood et a!., unpublished observation).

Roberts et a!. (1974) detected a pregnancy-

specific protein in the uterine lumen of the

pregnant cow on Day 16 of pregnancy. Pre-

liminary observations in sheep suggest the

presence of a similar protein on Day 13 of

pregnancy (Roberts et a!., 1976).

It is possible that the embryo may syn-

thesize the PGs found in the uterine lumen

during early pregnancy. Shemesh et a!. (1978)

have demonstrated that gonads from preimplan-

tation bovine embryos are capable of secreting

both PGEs and PGFs. In addition, Dickmann

and Spilman (1975) have identified PGs in

blastoceolic fluid of the preimplantation rabbit

blastocyst. However, it is not known whether

these PGs were synthesized by the blastocyst or

were sequestered from the intrauterine en-

vironment. There is considerable evidence

that molecules as large as ferritin (mw 480,000)

can be transported into the blastoceolic fluid

(Hastings and Enders, 1974; Borland et a!.,

1976; Borland et a!., 1977). The possibility that

the embryo may induce a shift in the direction

of secretion of PGF2a from lamina propria to

uterine lumen where it can be sequestered by

the blastocyst or a uterine lumina! protein, as

has been hypothesized in the pig (Bazer et al.,

1977), must not be overlooked.

The fact that endometria! tissue collected

from pregnant animals had a greater capacity to

synthesize PGE2 on Days 15 and 17 of preg-

nancy than on corresponding days of the

estrous cycle may be significant in terms of

maintenance of the corpus luteum. Prosta-

glandin E2 can counteract the luteolytic effects

of PGF2a when both hormones are given

simultaneously into the ovarian artery of

cycling ewes (Henderson et a!., 1977). In

addition, intrauterine administration of PGE2

to cycling ewes will overcome both natural and

estradiol-induced luteolysis (Magness et a!.,

1978; Colcord et a!., 1978). The antiluteolytic

effect of PGE2 could be due to its vasodilator

properties (Bergstrom et al., 1968; Dunham et

a!., 1974) or its ability to stimulate synthesis of

cAMP and progesterone in lutea! tissue (Speroff

and Ramwell, 1970; Marsh, 1971; Kuehl eta!.,
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1972; Maeyama et a!., 1976). In addition to the

fact that in vitro synthesis and endometria!

tissue concentrations of PGE2 were greater on

Days 15 and 17 of pregnancy than on Days

15 and 17 of the estrous cycle, concentrations

of PGE2 in uteroovarian venous serum were also

greater on Days 15 and 17 of pregnancy than on

corresponding days of the estrous cycle. These

findings support the hypothesis that PGE2 is

the factor responsible for maintenance of the

corpus luteum of early pregnancy in the ewe,

but definitive testing of this hypothesis awaits

further research, particularly since in a similar

study in which samples were collected from

cannulated uterine veins Lewis et a!. (1978) did

not find higher levels of PGE2 in uterine venous

plasma of pregnant animals on Day 15 com-

pared with values from nonpregnant ewes.

It is not clear why the major differences in

PGF2a and PGE2 synthesis and concentrations

in endometria! tissue, uterine lumen and

uteroovarian venous serum were most apparent

on Day 15 of pregnancy. The endometrium was

more active in terms of synthesis of both

PGF2a and PGE2 on Day 15 of pregnancy, yet

the signal for maintenance of the corpus luteum

occurs on Day 13 postestrus (Moor and Row-

son, 1966a,b). One explanation is that the

process which results in maintenance of the

corpus luteum begins on Day 13 and is not

maxima! until Day 15. This is supported by the

observation that rates of synthesis and endo-

metria! tissue concentrations of PGE2 tend

to be greater on Day 13 of pregnancy than on

Day 13 of the estrous cycle, but are not statis-

tically greater until Day 15. The magnitude of

the increase in synthesis of PGE2 may be small

enough not to be detected by the present

methodology yet large enough to overcome

luteolysis. The large increase in secretion of

PGE� observed on Day 15 may be necessary to

ensure that the corpus luteum is maintained.

Another explanation for the apparent dis-

crepancy may be that the “signal” for mainte-

nance of the corpus luteum does not occur on

Day 13. The fate of the corpus luteum may not

be irreversibly determined by Day 13 postestrus

since luteolysis can be arrested by hyster-

ectomy on Day 15 of the estrous cycle (Moor

et a!., 1970). However, from histological

examination it appeared that hysterectomy did

not prevent death of cells that had already

begun to degenerate at the time of surgery. This

suggests that either an antiluteolytic or a

luteotropic signal is indeed necessary before

Day 15 to prevent the onset of luteolysis.

In summary, the capacity of endometria!

tissue to synthesis PGF2a is not decreased, but

is increased during early pregnancy in the ewe.

This is in direct opposition to the hypothesis

that the embryo reduces synthesis and/or

secretion of PGF2a during early pregnancy.

Both PGF2� and PGE2 are sequestered in the

uterine lumen during early pregnancy. Whether

this is due to accumulation of PGs in blasto-

ceolic fluid, binding of PGs to embryonic or

uterine proteins, or de novo synthesis of PGs by

the embryo can not be determined from

these data. However, the observation that the

amount of protein recovered in uterine flush-

ings on Days 13, 15 and 17 of pregnancy was

greater than on the same days of the estrous

cycle suggests that pregnancy-specific proteins

may be present in the uterine lumen as early

as Day 13 postcoitum. Some of these proteins

could be PG binding proteins. Finally, the fact

that the capacity of endometrial tissue to

secrete PGE2, which has antiluteolytic prop-

erties, is also increased during early pregnancy

lends support to the hypothesis that PGE2 may

be the factor responsible for maintenance of

the corpus luteum of early pregnancy in the

ewe.
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