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Summary. Fifty-one cyclic beef cows were mated with fertile bulls. At 36 h after the

start of oestrus, cows were assigned to receive sesame oil (controls) or progesterone
(100 mg) on Days 1, 2, 3 and 4 of pregnancy. Peripheral plasma concentration of pro-
gesterone was measured until slaughter on Days 5 or 14. Cows were randomly assigned
to be slaughtered on Days 5 or 14 or remain intact and palpated per rectum on Day 40

to verify pregnancy. Uteri on Days 5 and 14 were flushed for recovery of luminal

protein and conceptus tissue. Conceptus and endometrial tissues were cultured with

[3H]leucine and submitted to two-dimensional-PAGE and fluorography.
Administration of progesterone increased peripheral plasma progesterone concen-

tration on Day 2\p=n-\5.Conceptuses recovered from progesterone-treated cows on Day 14

were advanced in development compared to conceptuses from control cows. Concep-
tuses recovered from progesterone-treated cows were viable as polypeptides associated
with maintenance of pregnancy in cattle were synthesized and released at an earlier

time and pregnancy was maintained beyond Day 40. Early progesterone stimulation

altered the synthesis and release of polypeptides from endometrial explant cultures on

Day 5. Results indicate a role of progesterone in the maternal regulation of conceptus
growth and development in early pregnancy of cattle.
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Introduction

Administration of exogenous progesterone early in the oestrous cycle shortens the interoestrous

interval in the ewe (Woody et ai, 1967; Ottobre et ai, 1980; Lawson & Cahill, 1983) and cow

(Woody et ai, 1967; Woody & Ginther, 1968; Harms & Malven, 1969; Gin ther, 1970; Battista et

ai, 1984). Shortening of the oestrous cycle length is proposed to result from an earlier release of

prostaglandin (PG) F-2a from the uterine endometrium (Ottobre et ai, 1980; Garrett et ai, 1987).
Therefore, it has been suggested that exposure to exogenous progesterone early in the oestrous

cycle advances uterine secretory development.
Embryo transfer studies have emphasized the need for close synchrony ( + 24 h) between the

conceptus and recipient (Rowson et ai, 1969; Betteridge et ai, 1980). Close synchrony is essential

as the conceptus and maternal system form a complex communication network involving
secretions from the conceptus as well as from the uterine endometium. These secretions stimulate

and mediate changes throughout the early pregnancy period and have been implicated in maintain¬

ing pregnancy and facilitating conceptus growth and development. Ovarian steroids, especially
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progesterone, play an important role in regulating changes in the uterine environment conducive 1

attachment and survival of the conceptus.
Previous studies in the ewe have shown that progesterone administration during the first fe

days of the oestrous cycle allowed recipient ewes to accept and maintain older conceptuses succès

fully after embryo transfer (Moore, 1975; Lawson & Canili, 1983; Vincent et al., 1985). These dal

suggest that progesterone administration to recipients during the early oestrous cycle results i

specific changes within the uterine environment which accommodate conceptuses at a moi

advanced stage. The specific changes or release of specific factor(s) which mediate the developmei
of the conceptus are unknown.

Effects of progesterone administration on conceptus development, survival and uterir

endometrial secretion during early pregnancy in the cow are unknown. The objective of the presei

study was to determine the effects on uterine secretion and conceptus development after exogenot
progesterone treatment during early pregnancy.

Materials and Methods

Animals. Fifty-one cyclic beef cows, maintained on pasture and fed prairie hay ad libitum, were observed twice dai
(a.m. and p.m.) for oestrous behaviour (oestrus = Day 0). Upon detection of oestrus, cows were mated with ferti
bulls.

Cows were randomly assigned to receive one of the following treatments: (a) intramuscular injection (2ml)  

vehicle (sesame oil) on Days 1,2,3 and 4 of pregnancy (control); (b) intramuscular injection ( 100 mg) of progesteroi
(Henry Schein, Inc., PortWashington, NY, U.S.A.) on Days 1, 2, 3 and 4 ofpregnancy. The first injection (Day 1) w;
administered 36 h after the initial observation of oestrus and the remaining injections were administered at 24-

intervals thereafter. Cows within treatment groups were than randomly assigned to be slaughtered on Days 5 or 14,  

palpated for pregnancy per rectum on Day 40.

Blood samples (10 ml) were collected daily by jugular venepuncture until slaughter. Animals that were allowed  

continue pregnancy to Day 40 were sampled to Day 5. Samples were placed on ice, transported to the laboratory ar

centrifuged at 2400 g for 15 min at 4°C. Plasma was decanted and stored at
—

15°C until analysed for progesteroi
concentration.

Uteri from cows slaughtered on Days 5 and 14 were recovered within 5 min after exsanguination, placed in a steri
beaker on ice and transported to the laboratory for processing in a sterile, laminar flow hood. The broad ligament ar
ovaries were trimmed free of the uterus. Each uterine horn was clamped near the bifurcation and flushed separate
with sterile 0-9% (w/v) saline (20 ml) to recover uterine luminal contents. Uterine flushings were immediate

examined for embryos (Day 5) or conceptus tissue (Day 14). Uterine flushings were centrifuged at 12 000 g for 20 m
at 4°C. The supernatant was decanted and stored at

—

15°C until analysed for protein (quantitative and qualitativ
content. After flushing, the uterine horns were opened along the antimesometrial border and endometrial explan
were obtained from the horns contralateral and ipsilaterai to the CL for in-vitro culture.

In-vitro culture. Intercaruncular endometrium from uterine horns ipsilaterai and contralateral to the CL wi

dissected from the underlying myometrium and immediately placed in sterile modified Eagle's minimum essenti

media (MEM) as described by Basha et al. (1979). Tissue was cut into 2-3 mm2 expiants using sterile scalpel blade
Approximately 500 mg wet tissue were cultured in 15 ml sterile MEM containing one-tenth of the normal conce
tration of leucine. Tritium-labelled leucine (L-[4,5-3H]leucine; sp. act. 58-4 Ci/mmol: New England Nuclear, Bosto
MA, U.S.A.) was added (100 pCi) to each culture dish as a tracer for de-novo protein synthesis. Day 14 conceptus
(n = 5; 2 control and 3 progesterone-treated) recovered from uterine flushings were cultured in 3 ml MEM wi
25 pCi [3H]leucine.

Tissue cultures were rocked slowly (4-5 cycles/min) in a controlled atmospheric chamber (Bélico Biologic
Glassware, Vineland, NJ, U.S.A.) which was purged with a gas mixture of 45% O2/50% N2/5% C02 and maintain!
at 37°C as described previously by Basha et al. (1979). Following a 24-h culture period, culture medium from endom

trial and conceptus tissue was decanted, centrifuged at 12000 g for 20min at 4°C and stored at
—

87°C until analys
for polypeptide production.

Two-dimensional polyacrylamide gel electrophoresis (2D-PAGE). Uterine flushings and culture media fro

conceptus and endometrial expiants were dialysed (Spec/por 3, Mr cutoff = 3500; Spectrum Medical Industries, Ini
Los Angeles, CA, U.S.A.) against several volume changes of 10mM-Tris-HCl buffer (pH 8-2) followed by one volun
change of double-distilled water. Following dialysis, an aliquant (100 pi) of medium from each culture was used

determine the total d.p.m. of [3H]leucine retained as a non-dialysable product. Uterine flushings and media fro
individual conceptus and endometrial cultures were lyophilized and then reconstituted in 5 mM-K2C03 containii

9-4M-urea, 2% (v/v) Nonidet P-40 and 0-5% (w/v) dithiothreitol. Two-dimensional polyacrylamide gel electr
phoresis of the acidic and basic polypeptides present in uterine flushings and culture media was performed
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described by Basha et al (1980). Protein (300 pg) from each uterine flushing was applied to gels for 2D-PAGE

analysis. Gels of uterine flushings were silver stained according to the procedure described by Wray et al (1981).
About 150 000 d.p.m. from individual endometrial expiant cultures and the 3-ml dialysate (480^600  IO3 d.p.m.)

from each conceptus culture were applied to gels. After electrophoresis, gels were stained with Coomassie Brilliant
Blue R-250, impregnated with sodium salicylate (Chamberlain, 1979), dried and fluorographs were prepared using
Kodak XAR X-ray film (Eastman Kodak Co., Rochester, NY, U.S.A.). Fluorographs were developed after an

11-week exposure period at
—

87°C.

Protein analysis. Protein concentration in uterine flushings was measured by the colorimetrie method as described

by Lowry et al (1951) using bovine serum albumin as the standard.

Peripheral plasma progesterone analysis. Plasma samples were analysed for progesterone concentration by
radioimmunoassay as previously described and validated by Lusby et al (1981). Recovery of labelled progesterone
tracer after hexane extraction was 89%. The minimum sensitivity of the assay was 25 pg/ml. Intra- and interassay
coefficients of variation were 7-7% and 12-2%, respectively.

Statistical analysis. Data were analysed by least square analysis of variance using the General Linear Models

procedures of the Statistical Analysis System (Spector et al, 1985). The statistical model for analyses of concentration
of progesterone in plasma included effects of treatment (control and progesterone treatment), cow within treatment,
day and treatment by day interactions. Effect of treatment was tested with cow within treatment as the error.

Conceptus length on Day 14 in the control and progesterone-treated groups was analysed by Bartlett's test for

homogeneity of variance (Steel & Torrie, 1980). Variances of treatment groups were different ( < 005). Therefore,
conceptus length was analysed for differences between treatments by Student's t test for unequal variances. The
statistical model for uterine protein content and incorporation of [3H]leucine by endometrial expiants included effects
of treatment, day and treatment by day interaction.

Results

A treatment by day interaction (P < 0-001) was detected for plasma progesterone concentration.
Administration of exogenous progesterone on Days 1, 2, 3 and 4 of pregnancy increased

(P < 0001) peripheral plasma progesterone concentrations on Days 2-5 of pregnancy

(3-40 + 009 ng/ml) compared to control (1-22 ± 009 ng/ml) cows (Fig. 1).

Progesterone-treated
Control

 -1-1—t-

3 5
 I-1-1-1-1

7 9

Day

Fig. 1. Peripheral plasma progesterone concentrations during early pregnancy of control and

progesterone-treated cows.

Recovery of Day-5 embryos was low for both control (3/7) and progesterone-treated (1/7)
cows. Embryos recovered from control cows were 8 to 16 cells, while one 32-cell embryo and 2

empty zonae pellucidae were recovered from progesterone-treated cows (Fig. 2a,b). Although no

embryos were found in flushings containing empty zonae pellucidae, the zonae were ruptured and
embedded with accessory spermatozoa (Fig. 2b).

Conceptuses recovered from Day-14 uteri of progesterone-treated (7/10) cows were larger
(P < 010) than (Fig. 2d) conceptuses recovered (6/7) from controls (Fig. 2c). Day-14 conceptuses
from progesterone-treated cows averaged 37-3 ± 14-9 mm in length compared to 3-8 ± 1-9 mm for
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Fig. 2. Representative embryos which were recovered in uterine flushings from control and

progesterone-treated cows on Days 5 and 14 of pregnancy, (a) Embryo of 16 cells from a

control cow flushed on Day 5. (b) Empty zona pellucida recovered from a progesterone-treated
cow on Day 5. Note the slit (arrow) and the presence of accessory spermatozoa in the zona,

(c) Conceptus (1-7 mm) from a control cow on Day 14. (d) Conceptuses from (upper) control
cow (13 mm) and (lower) progesterone-treated cow (47 mm) recovered on Day 14.

conceptuses from control cows. Conceptus length ranged from 1 to 13 mm in control compared
with 3 to 119 mm for progesterone-treated cows. Progesterone treatment not only increased mor¬

phological development ofDay-14 conceptuses but also advanced biosynthetic activity as indicated

by fluorographs from conceptus cultures (Fig. 3). The complex of polypeptides (Mr 22-26  IO3,
pi 5-8-6-4) forming the bovine trophoblast protein complex (bTP-1), proposed to be involved with
the maintenance of early CL function (Thatcher et ai, 1986), was prominent in conceptus cultures
from progesterone-treated cows, but absent from control conceptus cultures (Fig. 3). Progesterone
administration did not appear to have adverse effects upon maintenance of pregnancy as preg¬

nancy rates determined through rectal palpation on Day 40 were similar in control (6/8) and
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progesterone-treated (7/11) cows. One cow which had a prolapsed cervix was excluded from the

study.
Analysis of the uterine environment on Days 5 and 14 indicated that progesterone adminis¬

tration altered secretory activity of uterine endometrium. Total protein content in uterine flushings
on Day 14 was greater (P < 005) in progesterone-treated cows (15-2 + 20mg) compared with

controls (8-26 + 2-4 mg). However, a day effect was not detected.

Fig. 3. Fluorographs representative of 2D-PAGE gels of acidic polypeptides in dialysed bovine

conceptus culture media from Day 14 control (C14) and progesterone-treated (P14) cows.

Arrow denotes position of the bTP-1 complex. Note absence of bTP-1 in culture medium of the
control conceptus.

Two-dimensional polyacrylamide gel electrophoresis of uterine flushings revealed several acidic

polypeptides which were not present in bovine plasma (Fig. 4). No obvious differences were

observed between control and progesterone-treated cows on Days 5 or 14 of pregnancy. A day
effect was noted as a group of polypeptides with an MT of 26-30  IO3, pi 4-2-5-5, intensified on

Day 5 compared to 14 (Fig. 4, solid arrow). Day-14 uterine flushings (Fig. 4) contained two groups
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Fig. 5. Fluorographs of 2D-PAGE gels of acidic polypeptides in dialysed endometrial culture
medium from the ipsilaterai uterine horn of Day-5 control (C5) and progesterone-treated
(P5), and Day-14 control (C14) and progesterone-treated (P14) cows. Three Mr (x 103)/pl
groups presented in the fluorographs include: 1, = 16-20/6-3-7-0; 2, S 40/5-7-6-4; and 3,
S 31^1/7-9-8-9.

of polypeptides (Mr 21  IO3, pi 6-3, and Mr 14-4  IO3, pi 6-3), represented by open arrows,
which increased in intensity compared to Day 5. A basic (pi 7-9-8-9) polypeptide (MT 22-26  IO3)
was also increased on Day 14 (small arrow).

Overall incorporation of [3H]leucine per mg wet tissue weight was 3469 ± 285 d.p.m. for
treatment and day. Evaluation of fluorographs from Day-5 and -14 intercaruncular endometrial
expiant cultures of the ipsilaterai horn from progesterone-treated cows revealed an alteration in the
intensity of two separate groups of polypeptides compared to fluorographs from control cows (Fig.
5). Group 1 consisted of 4 low molecular weight (16-20  IO3) polypeptides with a pi of ~6-3-7-0.
These polypeptides had greater intensity on fluorographs from Day-5 progesterone-treated cows

compared with fluorographs from Day-5 control and Day-14 control and progesterone-treated
cows. Group 2 consisted of polypeptides with an MT of 40  IO3 and pi 5-7-6-4 which were intensi¬
fied in fluorographs from Day-14 progesterone-treated compared with control cultures. A third
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group (Fig. 5, Group 3) of polypeptides with an Mr of 31^40  IO3 and pi 7-9-8-9 were present in

fluorographs of progesterone-treated and control endometrial cultures on Day 5, but were greatly
attenuated on Day 14.

Evaluation of fluorographs from basic gels from Day-5 and -14 endometrial expiants did not

indicate any clear difference in polypeptide synthesis between treatment groups.

Discussion

Results from the present study indicate that administration of exogenous progesterone on Days 1,
2, 3 and 4 of pregnancy increases peripheral plasma progesterone concentration on Days 2-5 com¬

pared to control cows. A similar increase in plasma progesterone concentration was not observed

until Day 5 or 6 in control cows. These results suggest that increased concentrations of

progesterone during the first 5 days of pregnancy stimulate changes in uterine secretions which

directly or indirectly stimulate conceptus growth and development.
The 4-day progesterone treatment appeared to alter the functional state of the uterus as

determined by uterine secretions. Changes in uterine development are consistent with shortening of
the oestrous cycle by 4 days after similar progesterone treatment (Woody et ai, 1967; Woody &
Ginther, 1968; Harms & Malven, 1969; Ginther, 1970; Battista et ai, 1984; Garrett et ai, 1987). It
has been suggested that the decreased interoestrous interval after treatment with exogenous

progesterone is mediated through earlier maturation of the uterus as indicated by an earlier release
of PGF-2a from the uterine endometrium (Garrett et ai, 1987). The alteration in secretory activity
of the endometrium in vitro indicates that exogenous progesterone stimulated uterine endometrial

secretory function compared to controls.

Previous studies in the ewe have demonstrated that administration of exogenous progesterone
early in pregnancy allows older embryos to be transferred and maintained in 'younger' uteri
(Moore, 1975; Lawson & Cahill, 1983; Vincent et ai, 1985). Day-8 cattle embryos can establish

pregnancy when transferred to Day-5 recipient cows treated with progesterone compared with

asynchronous controls (T. C. Fox & R. D. Geisert, unpublished). These results suggest that

progesterone stimulates uterine endometrial secretions which are favourable for development and
growth of older embryos. Bartol et ai (1981) indicated that endometrial polypeptides change
throughout the oestrous cycle. The increase in protein in the uterine flushings from progesterone-
treated cows on Day 14 could be related to the length of progesterone exposure. Bartol et ai (1981)
indicated that protein accumulation within the uterine lumen is related to length of progesterone
stimulation. Analysis of uterine flushings in our study revealed that selective qualitative changes
occurred in polypeptide release from Days 5 to 14 of pregnancy. Polypeptides which incorporated
[3H]leucine after endometrial expiant culture were similar to those of previous reports (Bartol et ai,
1985; Geisert et ai, 1988). The present study indicates that exposure to progesterone early in

pregnancy results a change in the synthesis and secretion of several polypeptides from the uterine

endometrium on Day 5. The function of these polypeptides is presently not known. However, it is
possible that they are involved with conceptus development.

Embryos of 8-16 cells recovered at Day 5 of pregnancy in control cows were comparable in

development to those reported by others (Chang, 1952; Flechon & Renard, 1978). Low embryo
recovery does not allow us to compare treatment groups. However, the presence of empty zonae

pellucidae in which a slit on the surface suggesting hatching may have occurred in the progesterone-
treated cows is of interest. Blastocyst hatching normally occurs on Days 9-11 of pregnancy

(Flechon & Renard, 1978; Shea, 1981). Recovery of empty zonae pellucidae has been reported
previously in cattle (Maurer & Chenault, 1983). Although it is possible that hatching may have

occurred in these animals, the empty zonae could be remnants of degenerated embryos.
It is evident that conceptuses from progesterone-treated cows can survive and appear to be

more morphologically developed because conceptus length on Day 14 was greater than that for
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embryos recovered from control cows. Greater variation in conceptus development was observed
in progesterone-treated cows. This variation could be related to individual uterine sensitivity to

progesterone, as observed in cycle length of progesterone-treated non-pregnant cows (Garrett et
ai, 1987). However, similar variation normally occurs during conceptus development on Days
15-17 when rapid expansion of the trophoblast membrane is initiated (Betteridge et ai, 1980).
Day-14 conceptuses from progesterone-treated cows synthesized and released polypeptides,
including bTP-1, which are associated with pregnancy recognition in the cow (Knickerbocker et al.,
1986). Since luteal regression occurs on Day 16 in non-pregnant progesterone-treated cows

(Garrett et ai, 1987), early synthesis and release of bTP-1 would be vital since the pregnancy
recognition signal from the conceptus is needed much earlier to prevent luteal regression. The
similar pregnancy rates between progesterone-treated and control cows on Day 40 of gestation
provide further evidence of the viability of the developmentally advanced conceptuses.

Exogenous progesterone administration stimulates a marked development in conceptuses of
cattle but not in those of pigs (R. D. Geisert, unpublished data). The cow, unlike the sow, exhibits
a period of low concentrations of peripheral plasma progesterone during the first 5 days of

pregnancy. Peripheral plasma progesterone concentrations in the cow gradually increase from
< 1 ng/ml during oestrus to ~ 2 ng/ml on Day 5. In the sow, peripheral plasma progesterone con¬

centrations rise more sharply after oestrus (Guthrie et ai, 1972). The uterine environment in the
sow may already be under the influence of progesterone during the first few days of pregnancy and
so dramatic changes in embryo development due to exogenous progesterone administration would
not be seen.

Reports for other species have indicated that ovarian steroids can influence uterine secretions
for activation of embryonic growth and development (see Renfree & Calaby, 1981). For example,
in the macropodid marsupials, embryos undergo a period of diapause before continuing develop¬
ment. The stimulus for activation of the embryo is related to an increase in progesterone
production from the corpus luteum (see review by Tyndale-Biscoe & Hinds, 1981).

The results of the present study indicate that the conceptus of cattle may not develop at its
maximum potential during the first 5 days of pregnancy. Administration of exogenous pro¬
gesterone on Days 1,2,3 and 4 of pregnancy may therefore stimulate an earlier activation of the

conceptus by altering the release of uterine secretions and/or selective transport of serum proteins
necessary for conceptus development. These results suggest that maternal progesterone may
regulate early conceptus growth and development in cattle.

Journal Article No. 5358 of Agricultural Experiment Station, Oklahoma State University,
Stillwater. We thank L. Gries for technical assistance; and Tammy Cozzens for secretarial
assistance.
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