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Abstract 

Progesterone profiles of pregnant and cyclic gilts were compared. From day 14 onwards a 
significant difference in progesterone concentration existed between cyclic (n = 7) and preg
nant gilts (n = 6) (P<0.05). This indicates that corpus luteum (CL) rescue during pregnancy 
occurs before day 14. In one of the inseminated gilts, the progesterone concentration declined 
on day 27 and the gilt returned to oestrus on day 30. The progesterone and oestrone sulphate 
profiles of this gilt indicated that return to oestrus may have been caused by embryonic loss 
before day 14 after a first signal for CL maintenance has been generated. Another gilt abort
ed on day 27. The data of this gilt indicate that pregnancy failure may have been caused by 
a maternal malfunction. 
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Introduction 

During pregnancy in the pig, progesterone is necessary for the secretion of endo
metrial histotrophe (required for blastocyst growth) and suppression of uterine con
tractile activity. There is a minimum daily progesterone requirement for the main
tenance of pregnancy of 12.7-15.9 nmol l-1 (Ellicott & Dziuk, 1973). A decrease of 
progesterone below this level by ovariectomy (Ellicott & Dziuk, 1973; First & Staig-
miller, 1973; Nara et al., 1981), removal of the corpora lutea (CL) (Nara et al., 1981) 
or injection of PGF2a (Diehl & Day, 1974) results in termination of pregnancy and 
return to oestrus. For the whole duration of pregnancy in the pig, the CL are the 
main source of progesterone. At least 5 CL are needed for the production of suffi
cient progesterone to maintain pregnancy (Du Mesnil du Buisson & Dauzier, 1959; 
Martin et al., 1977). 

A prerequisite for the establishment and maintenance of pregnancy is the rescue 
of the CL in early pregnancy. In non-pregnant pigs the life-span of the CL is limited 
by the luteolytic action of PGF2a (Bazer et al., 1982), which is elevated in the 
utero-ovarian vein (UOV) between days 13-17 (Moeljono et al., 1977). As a result 
of an anti-luteolytic action of the blastocysts UOV PGF2a concentration remains 
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low during pregnancy and PGF2a is prevented to reach the CL in sufficient 
amounts to cause luteal regression. In this way progesterone secretion continues. 

In this study the time period of maintenance of CL function was investigated by 
measuring progesterone concentrations of cyclic and pregnant gilts. The progester
one and oestrone sulphate concentrations of two gilts in which pregnancy failed be
fore day 30 were compared with those of pregnant gilts. 

Materials and methods 

Animals and experimental design 

Fifteen crossbred gilts (Great Yorkshire X Dutch Landrace) which had shown two 
or more normal oestrous cycles (18-22 days) were used. The gilts were checked for 
oestrus with a vasectomized boar twice daily (09:00 and 15:00 h). At least 5 days 
before expected oestrus, they were fitted with an indwelling jugular vein catheter 
(PVC, 1.0 mm i.d., 1.5 mm o.d.). Blood samples were collected around oestrus 
three times a day (09:00, 12:00 and 15:00 h) and from day 4 once each day (09:00 
h). At the time of observing first standing heat (day 0) 100 /ig gonadotropin releasing 
hormone (GnRH) analogue (Ovalyse; Upjohn Company, Ede, Netherlands) were 
injected intramuscularly. Artificial insemination (AI) was carried out in 8 gilts on 
day 1, about 26 h after observing first standing heat. Blood sampling and checking 
for oestrus continued, until the cyclic gilts (n = 7) returned to oestrus and until the 
pregnant gilts (n = 8) were slaughtered on day 35. 

One gilt (No 161) returned to oestrus on day 30 and another gilt (No 11) aborted 
on day 28. 

Hormone analysis 

All blood samples were collected into heparinized tubes and centrifuged; plasma was 
stored at — 20 °C until further analysis. 

Plasma concentrations of progesterone were measured in all samples by radio
immunoassay (RIA) (Helmond et al., 1980), using a specific rabbit antiserum 
against 4-pregnene-6/3-o 1 -3, 20-dione-hemisuccinate-BSA. The main cross-reacting 
steroids were pregnenolone (98.0 %), corticosterone (2.7 %), 17a-
hydroxyprogesterone (1.5 %) and 20a-hydroxy-4-pregnen-3-one, Cortisol, oestrone, 
oestradiol-17/3, oestradiol-17a, oestriol, androstenedione, dehydroandrosterone 
and testosterone (all <0.2 %). The antiserum was used in a working dilution of 
1:15 000. The sensitivity of the assay was 0.3 nmol 1-' at the 90 % B/B0 level. The 
intra-assay coefficient of variation was 7.1% and the inter-assay coefficient of vari
ation was 12.5 %. 

Plasma concentrations of luteinizing hormone (LH) were measured in the samples 
collected around oestrus by a double-antibody RIA (Niswender et al., 1970), using 
pig LH (LER 786-3, potency 0.65 x NIH-LH-S1) as a standard and for iodination. 
Anti-ovine LH 614 IV was used at a 1:30 000 working dilution and goat anti-rabbit 
immunoglobulin as the second antibody. The sensitivity of the assay was 23.3 pmol 
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1 i at the 90 % B/B0 level. The intra-assay coefficient of variation was 13.8 °7o and 
the inter-assay coefficient of variation was 15.1 °7o. 

Plasma concentrations of oestrone sulphate were measured in all samples by RIA 
after extraction and column chromatography, using a modification of the method 
described by Helmond et al. (1980). Samples of 100 /tl were diluted in 900 /il phos
phate buffer with 0.1 % BSA and mixed with 1 ml acetate buffer (0.15 M, pH 4.1). 
The samples were incubated overnight at 37 °C in the dark after addition of an en
zyme preparation (3100 units ml-1 sulphatase and 13 000 units ml-1 ß-

glucuronidase from the snail Helixpomatia; Sigma, St. Louis, MO, USA) to convert 
sulphated oestrogens into free oestrogens. The samples were extracted three times 
with diethyl ether (4 ml) after the addition of 1000 cpm of [2,4,6,7 - 3H]-oestrone 
(Radiochemical Centre, Amersham, UK) for estimation of procedural losses. The 
residues of the diethyl ether extracts were evaporated under a stream of nitrogen, 
redissolved in 250 /i 1 toluene:methanol (9:1, v/v) and applied to chromatography 
columns (8.0 x 0.7 cm) packed with Sephadex LH-20 (Pharmacia, Uppsala, 
Sweden; eluting solvent: toluene:methanol 9:1, v/v). The first 1 ml fraction was dis
carded and oestrone (El) was eluted in the next 3 ml fraction. These El fractions 
were dried under a stream of nitrogen and redissolved in 500 /tl ethanol. An aliquot 
of 150 /il was taken in order to determine the recovery of [3H]-E1 (78 %). El con
centrations were measured in duplo (two aliquots of 150 /il) by RIA using a specific 
rabbit antiserum against 6-keto-oestrone 6-CMO-BSA. The main cross-reacting 
steroid was oestradiol (0.45 %). The antiserum was used in a working dilution of 
1:30 000. The sensitivity of the assay was 35.5 pmol l-1 at the 90 % B/B0 level. 
The intra-assay coefficient of variation was 12.4 % and the inter-assay coefficient 
of variation was 15.7 %. 

Statistical analysis 

Differences in LH and progesterone concentration of pregnant and cyclic gilts were 
tested for significance after In transformation of the data by Student's t test (SPSS 
Inc., 1988). 

Results 

In all gilts the highest LH concentrations were measured 3 h after injecting the 
GnRH analogue. The LH peaks did not differ between cyclic (Fig. 1) and pregnant 
gilts (Fig. 2). 

In both groups, progesterone concentrations increased above 3.2 nmol 1-' on 
day 2. In the group of the 7 cyclic gilts, the highest progesterone concentration was 
measured on day 13 (110.5 nmol l"1)- Thereafter the progesterone concentration 
declined and returned to basal level on day 19 (Fig. 1). 

In the group of the 6 gilts pregnant up to day 35, the highest progesterone concen
tration was measured on day 16 (161.6 nmol 1-') and progesterone remained at a 
level of 104.9 nmol 1-' (range 86.2-141.2) from day 19 onwards. From day 14 
there was a significant difference in progesterone level between the cyclic and preg-
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Fig. 1. The LH profile around oestrus and the progesterone profile of 7 cyclic gilts. 
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Fig. 2. The LH profile around oestrus and the progesterone and oestrone sulphate profiles of 6 pregnant 
gilts. 
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Fig. 3. The LH profile around oestrus and the progesterone and oestrone sulphate profiles of gilt No 
161, which returned to oestrus on day 30. 
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Fig. 4. The LH profile around oestrus and the progesterone and oestrone sulphate profiles of gilt No 
11, which aborted on day 28. 
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nant gilts (day 14 and 15: P<0.05; day 16: P<0.01). In pregnant gilts the oestrone 
sulphate concentration increased from day 19, reached a maximum on day 29 (7.8 
nmol I-') and declined thereafter (Fig. 2). 

In gilt No 161 the progesterone concentration was highest on day 14 (173.2 nmol 
I-') and remained at a level of 102.1 nmol 1-1 (range 76.6-110.3) from day 21 on
wards. The oestrone sulphate concentration did not increase but remained at basal 
levels. On day 27 the progesterone concentration suddenly declined to basal values. 
Around day 28 the oestrone sulphate concentration was slightly increased. The gilt 
returned to oestrus on day 30 and the progesterone concentration started to increase 
again from day 33 (Fig. 3). 

In gilt No 11 the progesterone concentration was highest on day 13 (130.0 nmol 
1-') and fluctuated between day 19 to 27 around a level of 45 nmol 1-' (range 24.2-
61.4). From day 19 the oestrone sulphate level increased to a maximum of 14.9 nmol 
1' on day 27. On day 28 both progesterone and oestrone sulphate concentrations 
suddenly dropped (Fig. 4). On this day, six aborted macroscopically normal foetuses 
were found. After the abortion the gilt was not seen in oestrus up to slaughter on 
day 35. 

Discussion 

The progesterone profiles of the cyclic and pregnant gilts are comparable with those 
reported before (Stabenfeldt et al., 1969; Guthrie et al., 1972; Henricks et al., 1972; 
Ellendorff et al., 1976; King & Rajamahendran, 1988). The oestrone sulphate pro
files of the pregnant gilts also correspond with earlier investigations (Robertson & 
King, 1974; Horne et al., 1983; Hattersley et al., 1980). However, the time of the 
highest levels of progesterone and oestrone sulphate, as well as the first time that 
pregnant and cyclic progesterone levels differ, may vary for one or two days. In our 
study a significant difference between the progesterone levels of cyclic and pregnant 
gilts exists at day 14. These progesterone profiles indicate that CL regression during 
pregnancy has to be prevented already before day 14. This is in agreement with the 
observation of Dhindsa & Dziuk (1968) that blastocysts must be present in both 
uterine horns between days 10 and 12 for continuation of CL function. 

In commercial units there are two distinct periods of returning to oestrus after 
service (Glossop & Foulkes, 1988). The major part of the sows returns to oestrus 
on day 20.7 ±1.4 (range 17-23), and a second group (25.6 %) returns on day 26.5 
± 2.3 (range 24-31). In our study gilt No 161 returned to oestrus during the second 
period on day 30. This gilt did not show an increase in oestrone sulphate concentra
tion. This suggests that this gilt may have been pregnant until day 13, since in gilts 
in which the blastocysts were flushed out of both horns on days 12-13 and which 
returned to oestrus on day 28.4 ± 2.6 (van der Meulen et al., 1988), oestrone sul
phate concentrations were also not elevated (J. van der Meulen, unpublished data). 
The blastocysts of this gilt may have generated a first signal for the maintenance 
of CL function, but they have probably failed to generate a second signal on days 
14-16 (Geisert et al., 1987). 

In gilt No 11, in contrast to gilt No 161, the oestrone sulphate concentration in
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creased from day 19 to 27 and did not deviate from that of pregnant gilts. From 
day 19 the progesterone level of this gilt varied around 45 nmol 1-', which is rela
tively low, compared with the progesterone concentration of pregnant gilts, but still 
higher than the minimum daily progesterone requirement for maintenance of preg
nancy (Ellicott & Dziuk, 1973). The normal oestrone sulphate concentration and the 
normal appearance of the aborted foetuses indicate a normal embryonic develop
ment until day 27. Although an embryonic malfunction cannot be excluded, the 
relatively low progesterone level and the failure to return to oestrus after abortion 
indicate a maternal cause for pregnancy failure in this gilt. 

The data of gilt No 161 support the suggestion of Glossup & Foulkes (1988) that 
return to oestrus after service on days 24-31 is caused by embryonic loss. This em
bryonic loss may already occur around day 14-16 after a first signal for CL rescue 
has been generated. 
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