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Abstract
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The uterine flushings (UF) were obtained from gilts on the 5th,
13th, 17th and 20th day of the cycle by washing each uterine horn
with 50 ml of Eagle's medium. Additionally endometrial protein
fractions (EPF) were obtained also 6n the 5th, 13th, 17th and 20th
day of the cycle by filtration of the proteins isolated from the
endometrium on Sephadex G-200.

Three EPF (I, II, III) were obtained on the 5th and 13th day of
the cycle, and two (I, II) on the 17th and 20th day.

Studies were carried out on the effect of uterine flushings and
endometrial fractions on progesterone (P;) secretion by the luteal
cells obtained from porcine corpora lutea on the 13th day of the
estrous cycle.

Level of P, was determined with the RIA method after 30 min.,

3 and 6-hour incubation. Levels of estradiol 17 B (E2) and
testosterone plus 5 a-dihydrotestosterone (T+DHT) in the UF were
also determined, as well as level of PGF-2a in the UF and EPF.

It was sh that tration of PGF 2 a and E) was the
highest on the 20th day of the cycle, and that UF from the 17th and
20th day inhibited P, secretion by the porcine luteal cells. )
Similar inhibiting effect was observed for III EPF from the 13th
day of the cycle, and for I and II EPF from the 17th and 20th day
of the cycle. The mentioned EPF inhibited basal production of

progesterone despite the ab of 1 eactive PGF-2 a.
Pig, Luteal cells, uterine flushing, endometrial fractions,
progestenone.

It has been shown that luteolysis of pig corpus luteum (CL) is induced by an
increase of PGF-2a level in plasma of the uteroovarian vein (G 1l e e s on et al.
1974; Mo el j ono et al. 1977). Similarly, in vitro studies revealed increased
release of endometrial PGF-2a (Pat ek and Watson 1976; Gut hire et
al. 1978) and luteolytic effect of the endometrial extracts (Christenson
and Day 1971; Watson and Maule Walker 1977). Earlier Sc h o m-
berg (1967) observed also luteolytic activity of UF in pigs. Wa t s on and
Maule Walker (1977) found that UF from the late-luteal phase were more

ifective in inhibiting P4 production by the luteal tissue than UF from the mid-luteal
phase. Z avay et al. (1980) have discovered PGF-2a in the uterine flushings of
pigs, while Mur r ay et al. (1972) noted that the amount and quality of proteins
secreted by the porcine uterus changed during the estrous cycle.

The objectives of the present study were: l. to determine the effect of endometrial
fractions obtained on the 5th, 13th, 17th and 20th day of the estrous cycle in pigs on
P4 secretion by the luteal cells, 2. to check whether isolated endometrial fractions
contained immunoreactive PGF-2 o, 3. to determine the effect of UF obtained on the
mentioned days of the estrous cycle on P4 production by the luteal cells.



164

Materials and Methods
Animal tissues

Studies were conducted on the luteal cells obtained from the porcine corpora lutea
on the 13th day of the estrous cycle. These cells are very susceptible to factors both
inhibiting and intensifying P, secretion (P r z a 1l a et al. 1984). The UF and EPF
‘were obtained on the 5th, 13th, 17th and 20th day of the cycle from pigs for which the
zero day was determined by testing the tolerance reflex. The animals were killed on the
proper day, and the ovaries were collected, placed in cold sterile PBS (produced by the
Laboratory of Sera and Vaccines, Lublin) with an addition of penicilin and streptomycin.
Uterus was also collected and placed on ice. .

"Uterine flushings and endometrium

Each uterine horn was washed with 50 ml of Eagle's medium. Flushings from two horns
vere pooled, centrifuged and added to the isolated luteal cells (1 ml/5 x 10%ells).
Part of UF was left in -20°C for the determination of PGF-2a, estradiol 178, and
testosterone plus 5a -dihydrotestosterone contents. Endometrium was obtained by scraping
the uterine horns with a scalpel followed by microscopic examination to see whether the
myometrium has not been taken as well.

Isolation of proteins from the endometrium

The endometrium was homogenized with equal volume of 0.1 M cold NaCl and mixed for
1 hour. It was then filtered through a gauze, and absolute ethanol at -20°C was added to
reach the final concentration of 86%. After 24 hours samples were centrifuged for 30 min.
x 15000 g. The sediment was washed three times with acetone at’ -20°C. Each time the
samples were centrifuged for 15 min. x 15000 g. The obtained sediment was dissolved in
H,0 to final concentration of 10 mg/ml, and dialyzed for 12 hours against water. It was
then centrifuged for 15 min. x 15000 g and the supernatant was salted out with ammonium
sulfate for 5 hours to 40X saturation, and again centrifuged for 30 min. x 15000 g. The
supernatant pH was then brought to 4.0 with 1 M acetate acid. Ammonium sulfate was
added to the obtained 80% saturation solution, left for &4 hours, and then centrifuged
for 30 min. x 15000 g. The supernatant was poured out, and the obtained protein sediment
was dissolved in 10 ml 0.025 M acetate buffer, pH 4.0, and dialyzed against the same
buffer for 12 hours. After centrifugation for 30 min. x 15000 g the obtained supernatant
was transferred to a column.

Isolation of EPF

Sephadex G-200 gel filtration was used to separate the protein fractions in each
sample. Sephadex columns Pharmacia Fine Chemicals (2.5 x 90 cm) were used to
fractionate the uterine protein. The eluent was 0.025 M acetate buffer, pH 4.0, with
flow rate of 20 ml/h. Gel filtration was carried out at 4°C. An aliquot of each fraction
was used for protein determination, and the resulting optical density of each fraction
was plotted against the elution volume to construct a protein profile. Protein fractions
were lyophilized and stored ad -20°C until the analysis. Concentration of the proteins
was determined using the method by Lowry et al. (1951), and PGF-2 a using RIA method.

Separation of the luteal cells

Luteal cells were separated by the technique of Stouffer et al. (1976). Viable cells
were counted in a haemocytometer using trypan blue stain (1%). The cells were suspended
at a concentration of 5 x 104 cells/ml and placed in: l.Leighton tubes with uterine
flushings with 2% human albumin (produced by Biomed, Warsaw) and 2. Leighton tubes with
Eagle's medium (Laboratory of Sera and Vaccines, Lublin) with 2% human serum albumin,
and with or without 100 ng/ml of EPF. Control cultures were incubated with Eagle's
medium with 22 of human serum albumin.

Incubation

The cultt.xres were incubated at 37°C for 0.5, 3 and 6 hours. Medium samples were
stored at -20 C until assayed.

Radioimmunoassays
Prostaglandin concentration in unextracted Eagle's medium samples (0.2 ml) was

quantified using the system described by Cornet t e et al. (1972) and K i r-
t on (1977). The only modification of the RIA systemof Kir t on (1977) was that



165

unbound radioactivity was measured after addition of charcoal-dextran suspension
(0.625 and 0.062% respectively). Goat (# 14, pool) anti-PGF, a (a gift of Dr K.T.
Kirton, Upjohn Co., Kalamazoo) was diluted 1:600. The antibody cross-reacted in about
54% with PGF-2a, 0.27 with 15-keto-PGF,a , and < 0.04Z with prostaglandins of A, B
and E groups. A linear regression equation (y = -27 + 0.97x) was calculated from the
radioimmunoassayable recovery of 0.5, 1.0, 3.0 ng PGF; a added to Eagle's medium.
Dilution of medium samples containing PGF; a resulted in a curve parallel to the
standard curve. The smallest amount of PGF, a standard significantly different from
zero was 12 pg at 902 confidence limit. This correspondent to a ntration of 60 pg/ml
for 0.2 ml of the medium assayed. Medium blank run in the assay was negligible. Intra-
-assay variation determined at the concentration of 0.1-0.75 ng/ml was 7.9%.

Progesterone concentration was estimated using Abraham et al. (1971) method.

Tracer [1, 2, 6, 7 1-H progesterone, (Amersham, UK) (spec. act. 87 Ci/mmol) and cold
progesterone (Sigma) were used. Highly specific antibody (a - P/R;) against progesterone
was kindly supplied by prof. R. Stupnicki. Characteristics of the antibody were reported
by Stupnickdi (1975). Sensitivity of the assay was 128 pg progesterone/ml.
Coefficients of variation within and between the assays were 5.8 and 12.5% respectively.

Estradiol 17 B was determined using the method described by Ho t c hk 1 s 8 et
al. (1971). Highly specific antibody against estradiol 178 was kindly provided by prof.
R. Rembiesa. Cross-reaction for estradiol and testosterone with the antiserum was
described by Przala et al. (1984). Tracer [2, 4, 6, 7 J-°H estradiol - 17 B, spec. act.
96 Ci/mmol (Amersham, UK), and cold estradiol (Sigma) were used. Sensitivity of the assay
was 1.9 pg/dose. Coefficients of variability within and between the assays were 6.1 and
9.7% respectively.

Testosterone plus 5a -dihydrotestosterone was determined using the method by
Stupnicki (1979). Specific antibody against testosterone was kindly provided
by prof. R. Rembiesa. Tracer [1, 2, 6, 7] -°H testosterone, spec. act. 93 Ci/mmol
(Amersham, UK) and cold testosterone (Sigma) were used. Sensitivity of the assay was
2.5 pg/dose. Coefficients of variability within and between the assays were 5.2 and
8.87 respectively.

Statistical analyses:

The results were subjected to statistical analysis, calculating the standard
deviations, and significance of the differences was tested using Student's test.

Results

Differences between levels of estradiol 178 (E,;) and testosterone plus 5a -dihydro-
testosterone (T+DHT) on particular days of the cycle were not significant statistically,
but the mean concentration of E, and T+DHT increased between the 13th and 20th day
(Table 1). PGF, a level also increased, reaching the highest concentration in UF
obtained on the 20th day of the cycle. However, immunoreactive PGF, a was not found
in the endometrial fractions. P4 secretion by the porcine luteal cells from the 13th day
of the cycle under the effect of UF is presented in Fig. 1. It was found that UF from
the 5th and 13th day of the cycle had no significant effect on P4 secretion determined

Table 1
Concentration of PGF-2a , testosterone + dihydrotesterone
(T+DHT) and estradiol-178 (E,) in porcine uterine flushing

1
: Day PGF-2a T+DHT E, g
of cycle (pg/ml) (pg/ml) (pg/ml) o
5 127.5 (4)2 140.5 (3) 168.6 (3)
+56.2 +49.2 +37.1
13 - 255.8 (4) 212.4 (4)
+83.4, +45.2
17 241.6 (3) 262.5 (3) 272.2 (3)
+73.1 +64.2 +41.2
20 574.4 (5) 222.1 (4) 373.4 (4)
+94.0 +61.0 +68.2

Mean values * S.E.; a - number of investigated animals
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after 30 min. and 3 and 6 hour incubation. When the luteal cells were incubated with UF
from the 17th and 20th day of the cycle, P4 secretion decreased. Statistically significant

differences were found in progesterone levels between the control group and the groups
incubated with UF. This luteolytic effect of UF convergent with an increase of PGF, a

and E,.
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EPF on the 5th, 13th, 17th and 20th day of the cycle, and protein concentrations
are presented in Figs. 2, 3, 4, 5 and Table 2. On the 5th and 13th day of the cycle
three fractions were obtained (I-III), while on the 17th.and 20th day two fractions (I-II).
Also protein concentration in the endometrial fractions was fairly differentiated. The
highest protein content was noted in fraction III on the 5th day of the cycle, the lowest
in fraction II on the 17th and 20th day (Table 2).
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Table 2.
Protein fractions from the porcine endometrium at different days
of the cycle
Day Protein
Fractions concentration
of the cycle mg/100 mg
of extract
1 21.70
5 1I 25.20
LT 30.45
17 17.50
13 . ‘ 1I 27.30
III 19.00
1 24.80
17 11 4.20
I 26.20
20 11 4.20

Studies on the effect of endometrial fractions upon the steroidogénesis revealed
that the endometrial fractions from the 5th day of the cycle did not affect progesterone
secretion by the luteal cells during 6 hour incubation. The only trend noted was a
certain lowering of the hormone level during incubation of the luteal cells in the presence

of fraction III /Fig. 6/.

Similar results were obtained during incubation of the luteal

cells with fraction I and II from the 13th day of the cycle. However, progesterone levels
in the samples incubated with fraction III were significantly lower ( P< 0.05) than in the
control group (Fig. 7). Endometrial fractions from the 17th and 20th day of the cycle had
a most pronounced effect on progesterone secretion (Figs. 8 and 9). It was shown

that fractions I and II inhibited ( P< 0.05) secretion of this steroid during 6 hour

incubation.
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Discussion

Concentration of estradiol and PGF, a in the porcine uterine flushings was
previously studied by Z a v a y et al. (1980). These authors found that content of
estradiol 17 B in the uterine flushings increased between 10th and 18th day of the
estrous cycle, while PGF,a content reached a maximum on the 18th day of the cycle.
The present studies took into account also the 20th day of the cycle and revealed that
estradiol and PGF, a content in the uterine flushings was higher on this day than on
the 17th day of the cycle (Table 1). The uterine flushings contained twice as much
PGF,a on the 17th day than on the 5th day, and 4 times more on the 20th day. Hence,
it can be suggested that PGF,a present in the uterine flushings from the late-luteal
phase inhibited progesterone production. This inhibition was observed notwithstanding
increased estradiol concentration, which normally prevents luteolysis of the corpora lutea
in pigs (Kidder etal 1955; Gardner etal 193; Frank etal 1978).

Endometrial fractions affected progesterone secretion by the luteal cells in the same
way as the uterine flushings. Fraction III from the 13th day of the cycle, and fractions
I and II from the 17th and 20th day had a luteolytic effect. This effect was noticed
despite the absence of immunoreactive PGF,a in the endometrial fractions. Most probably,
chemical procedure of isolating the endometrial fractions inactivated PGF, a, as this
substance is very labile. Measurements of steroid levels in the endometrial fractions
from the 13th day of cycle revealed lack of estradiol 17 B, while progesterone and
testosterone were both present. Progesterone concentration amounted to 2.0 ng/100 ng
of protein in fraction I, and to 2.5 and 1.6 ng in fractions II and III respectively.
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Testosterone levels amounted to 24, 68 and 30 pg/100 ng of protein respectively in
fractions I, II and III. It can be assumed that exogenous progesterone and testoste:one
present in the endometrial fractions at rather low levels had no significant effect on
endogenous secretion of this hormone . Studies carried out on granulosa cells in rats
revealed that testosterone and 5a dihydrotestosterone acted synergetically with FSH,
stimulating cholesterol transformation into progesterone (Nimrod and Lindner
1976; Armstrong and Dorrington 1976; Leun g et al. 1979). At
the same time, the present studies revealed that none of the endometrial fractions
containing testosterone stimulated progesterone secretion.

We have not been able to find any works dealing with the effect of endometrial
protein fractions on progesterone secretion. M u r r a y et al. (1972) isolated protein
fractions from the uterine flushings. These authors also obtained three protein fractions
until the 9th day, but in later phases of the cycle additional fractions IV and V appeared.
These fractions were not present before the 9th and after the 16th day of the cycle.

Differences in the number of protein fractions obtained by Mur r a y et al.
(1972) and found in our studies might have resulted from different biological material
used, or from different procedure of separating the uterine flushings and the proteins
isolated from the endometrium. Concentration of proteins in the uterine flushings studied
by Murray etal. (1972) reached the peak on the 15th day of the cycle, and then
decreased rapidly, so that on the 17th, 18th and 20th day it was similar as before the
10th day. Our studies also revealed different level of proteins in the endometrial
fractions. The highest concentration of proteins was observed in fraction III on the
5th day, and in fraction II on the 13th day of the cycle. The lowest protein concentration
was noted in fraction II on the 17th and 20th day of the cycle (Table 2). Hence, a
question arises whether addition of the endometrial fractions with different protein levels
into the incubated luteal cells affected progesterone secretion. Taking into account that
fraction I on the 17th and 20th day of the cycle contained about 6 times more protein
than fraction II, whereas its effect on progesterone secretion was similar, it could be
assumed that protein levels did not affect the results of the experiments. On the other
hand, it can be suggested that the process might have been affected by the type of
protein produced by the endometrial tissue, or by the presence of some other fac‘or(s)
with luteolytic effect. Studies by S q u i r e et al. (1972) revealed that the
electrophoretic pattern of proteins changed during the estrous cycle in pigs. The protein
components of porcine uterine secretions showed similar electrophoretic pattern on day
2-11. Begining on day 12 there were additional protein bands in the postalbumin area.
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Viiv uterinnich vyplaskd l_é'ndt;motrulnlch proteinovych frakci na sekreci
progesteronu lutedlnimi bunkami prasnic

Od prasnitek 5., 13., 17. a 20. den pohlavniho cyklu byly ziskiviny vyplaiky
uteru vyplachem ka¥dého d&lo¥niho,rohu 50 ml Eaglova média. Filtracf proteind izo-
lovanych 3 endometria na Sephadexu G-200byly ziskiny endometridlnif proteinové frak-
ce (EPF) prasnitek ve stejnych dnech cyklu.

TH EPF (I., II. a III) byly zfskdny 5. a 13. den cyklu, dvé& frakce (I., II) 17.

a 20. den cyklu. ’

Byl sledovan vliv uterinnich vypladkd a endometriilnich proteinovych frakci na
sekreci progesteronu (P4) lutedlnfmi bunkami zfskanymi z corpora lutea prasnifek 13.
den cyklu.

Koncentrace P4 byla stanovena pomocf RIA metody po inkubaci 30 minut, 3 a 6 -
hodin. Hladiny estradiolu 178 (E,), testosteronu plus 5a dihydrotestosteronu (T+DHT),
a PGF-2a byly stanoveny jak ve vyplaicich, tak i v endometridlnich proteinovych frak-
cich.

Bylo prokazéno, %e koncentrace PGF-2a a E, byla nejvy33f 20. den cykiu, a Ze
uterinni vypla¥ky ziskané 17. a 20 den inhibovaly sekreci P4 lutedlnimi bunkami pras-
nitek. Podobny inhibi¥nf G¥inek méla i EPF od 13. dne cyklu, a frakce I. a II. 17. a
20. den cyklu. Endometriilni proteinové frakce inhibovaly zikladnf produkci progeste-
ronu i v nepfitomnosti imunoreaktivnfho PGF-2 a.

BAMAHME MATOMHMX SKCCYRATOB M SHIOMETPHANBLHHX GeNKOBMX $paxuuit Ha
CexpelLHN NpPOrecCTEepoHA JNTEANbHHMH KJIETKAMH CBHHeR

MaTounse sxccynaTs (M3) ussnexanu nyTéM NpPOMNBAaHHA XaxQoro pora
MaTKH CBMHOK 50 mnpacrsopa Hras ma 5, 13, 17 u 20 nerRs» SCTPanbHOro UHKAA.
3HnOMETpHANbHNE 6enxoBne épaxuun (3B®) raxme noaywanr ma 5, 13, 17 u 20
nens uUMxKna nyréx renv-¢ynnrpaunn ma cedanexue G -200 6enxos, HSONHPOBAH-
HHX HS EHOOMeTDHS.

Ha 5 u 13 nen» uuxna noayuunu Tpu (I, 11, III)3B® a na 17 u 20 nens -
nse (I, II) 3B®. °

Hccnenosanu BAHAHHME MATOYHHX SKCCYNATOB M SHONOMETPHANbHHX $paxuufh HaA
cexpeuurw nporectepora (P4) NoOTeanbHHMH KNETKaMH, MNONYUEHHHMH H3S RENTHX
Ten UBMHOX Ba 13 nem» uxkna.

YpoBerb P4 onpenenanH NanHOMMMYHOJOIHYECKHM METONOM MO HCTEYeHHH
30 munyT, a Taxxe 3 M 6 yacos MHHKy6auUHH. KpOMe TOro, Onpenensin ypoBeHb
scrpannona 178 (E;) ® Tecrocrepona nawc Sa-aHruaporecrocrepona (T+DHT)
B M3, a Taxxe ypoBeHb npocrornasgusa F-2a (PGF, a) B M3 u 3B®.

KOHCTAHTHPOBANK, YTO KOHUeHTpauus PGF,a m E, 6una Hanéonee OHCOKOH
Ha 20 ners uUMXNA M uTO M3 c 17 M 20 nHA TOPMOSAT CexXpeuHw P4 nwTeansHHMH
xneTxamu cauHefl. lono6HOe TOpMOsSsamee neicTsHe oxasmpana III 3B® c 13
nEs umxna, a raxxe I m II 3B® c 17 u 20 ara umxna. lepeuncnennne 3B¢
TOPMOSHNH 6asanbHY® NPONYXKLHIO NPOrecCTeposa, HECMOTPA Ha OTCYCTBHE
HMMyHOpPEeaxTHBHOro PGF-2a.
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