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Abstract 

P r z a 1 a J., Z. L u b e r d a, A. G r a z u 1, T. Wi e s a k, 
J. It 0 t vic a: The. E" ec.t 0' lLteIWte F tuA h.i.ng... and Elldome.tJLi.al 
PltOtw FlULc.t.i.oM Oil PltOguteltOlle SeCAeUoII by Po/fcine Luteal CeLt6. 
Acta Vet. Bmo, 55. 1986: 163-171. 

The uterine flushings (UF) were obtained from gilts on the 5th. 
13th. 17th and 20th day of the cycle by vashing each uterine horn 
vith 50 .1 of Eagle's medium. Additionally endometrial protein 
fractions (EPF) vere obtained also on the 5th. 13th. 17th and 20th 
day of the cycle by filtration of the proteins isolsted from the 
endometrium on Sephadex G-200. 

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

Studies were carried out on the effect of uterine flushings and 
endometrial fractions on progesterone (P4) secretion by the luteal 
cells obtained from porcine corpora lutea on the 13th day of the 
estrous cycle. 

Level of P 4 vas determined vith the ilIA method after 30 m1.n •• 
3 and 6-hour incubation. Levels of estradiol 17 B (E2) and 
teatosterone plus 5 OL -dihydrotestosterone (T+DHT) in the UF vere 
also determined. as vell as level of PGF-2OL in the UF and EPF. 

It vas shown that concentration of PGF 2 OL and E2 vas the 
highest on the 20th day of the cycle. and that UF from the 17th and 
20th day inhibited P4 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 absence of immunoreactive PGF-2 OL. 

P,(g. luteal c.eLt6. uteM.rte ,tuAh.i.ng, ertdome.tJLi.al ,lULc.t.i.oM. 
pItOguteltOlle. 

It has been shown that luteolysis of pig corpus luteum (CL) is induced by an 
increase of PGF-2 OL level in plasma of the uteroovarian vein (G 1 e e son et a1. 
1974; Hoe 1 j.o n a et al. 1977). Similarly. in vitro studies revealed increased 
release of endometrial PGF-2a (P a °t e k and Wa t son 1976; Gut h ire et 
al. 1978) and luteolytic effect of the endometrial extracts (C h r i s ten 8 a n 
and Day 1971; Wa t son and H au 1 e Wa Ike r 1977). Earlier S c h a m
b erg (1967) observed also luteolytic activity of UF in pigs. W a t son and 
M a u 1 e W a 1 k e r (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 a v a y et al. (1980) have discovered PGF-2 a in the uterine nushings of 
pigs. vhile H u r ray 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 vere: 1. 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 a. 3. to determine the effect of UF obtained on the 
mentioned days of the estrous cycle on P4 production by the luteal cells. 
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Materials and Methods 

Animal tis sue s 

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 P4 sec~etion (P r z a 1 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 ani1l&1s 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 str~ycin. 
Uterus was also collected and placed on ice. 

Ute r i n e flu s h i n g s and end 0 met r i u m 

Each uterine horn was washed with 50 .1 of Eagle's mediu •• Flushings from two horns 
were pooled, centrifuged and added to the isolated luteal cells (1.1/5 x 104cells). 
Part of UF was left in -20'C for the determination of PGF-2a, estradiol 176 , and 
testosterone plus 5a -dihydrotestosterone contents. Endometrium was obtained by scraping 
the uterine horns with s scalpel followed by .icroscopic examination to see whether the 
myometrium has not been taken as well. 

Isola t ion o f pro t e ins fro • t h ., end 0 met r i u • 

The endometrium was homogenized with e.ual volume of 0.1 M cold NaCl and mixed for 
hour. It was then filtered through a gauze, and absoiute ethanol at -20'C was added to 

reach the final concentration of 86%. After 24 hours s .. plea were centrifuged for 30 min. 
x 15000 g. The sediment was washed three times with see tone at -20·C. Each time the 
samples were centrifuged for 15 .in. x 15000 g. The obtained sediment was dissolved in 
H20 to final concentration of 10 mg/.l, and dialyzed for 12 houra against water. It was 
then centrifuged for 15 .in. x 15000 g and the supernatant waa salted out with s..anium 
sulfate for 5 hours to 40% aaturation, and again centrifuged for 30 .in. x 15000 g. The 
supernatant pH was then brought to 4.0 with 1 M acetate acid. A..aniu. sulfate waa 
added to the obtained 80% saturation solution. left for 4 hours, and then centrifuged 
for 30 .in. x 15000 g. The supernatant waa poured out, and the obtained protein aediment 
was dissolved in 10 .1 0.025 M acetate buffer, pH 4.0, and dialyted against the same 
buf~er for 12 hours. After centrifugation for 30 .in. x 15000 g the obtained supernatant 
waa transferrp.d to a column. 

Isola t ion o f E P F 

Sephadex G-200 gel filtration was used to separate the protein fractions in each 
sa.ple. Sephadex columns Pharmacia Fine Che.icals (2.5 x, 90 cm) were uaed 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 uaed for protein deteraination, snd the resulting optical density of each fraction 
waa plotted againat 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 a!. (1951), and PGF-2 a using RIA method. 

S epa rat ion o f the 1 ute s 1 c ell s 

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

Inc u bat ton 

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

R a d i 0 i • • uno a s a a y s 

Prostaglandin concentration in un~ Eagle's medium aa.plea (0.2 al) was 
quantified uaing the system described by Cor net teet al. (1972) and K i r
ton (1977). The only modification of the RIA system of K i r ton (1977) was that 



unbound radioactivity was measured after addition of charcoal-dextraD suspension 
(0.625 and 0.062% respectively). Goat (# 14. pool) anti-PGF2 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. 0.2% with 15-keto-PGF2 a • and < 0.04% with prostaglandins of A. B 
and E groups. A linesr regression equation (y - -27 + Q.97x) was calculated from the 
radioimmunoassayable recovery of 0.5. 1.0. 3.0 ng PGF2 ·a added to Eagle's medium. 
Dilution of aedium samples containing PGF2 a resulted in a curve parallel to the 
standard curve. The smallest amount of PGF2 a standard significantly different from 
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zero was 12 pg at 90% confidence limit. This correspondent to a concentration of 60 pg/ml 
for 0.2 ml of the medium assayed. Medium blank run in the assay was negligible. Intra
-assay variation determined st the concentration of 0.1-0.75 ng/al was 7.9%. 

Progesterone concentration was estimated using Abrahaa et a!. (1971) method. 
Tracer [1. 2. 6. 7 J-sH progesterone. (Aaersham. UK) (spec. act. 87 Ci/aaol) and cold 
progesterone (Sigma) were used. Highly specific antibody (a - P/K2 ) against progesterone 
was kindly supplied by prof. K. Stupnicki. Characteristics of the antibody were reported 
by 5 t u p n i c k i (1975). Sensitivity of the assay was 128 pg progesterone/al. 
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 Hot c h k iss et 
al. (1971). Highly specific antibody against estradiol 178 was kindly provided by prof. 
R. Kembiesa. Cross-reaction for estradiol and testosterone with the antiserum was 
described by Przala et al. (1984). Tracer [2. 4. 6. 7 J-sH estradiol - 17 B. spec. act. 
96 Ci/maol (Aaersham. 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 
5 t u p n i c k i (1979). Specific antibody against testosterone was kindly provided 
by prof. K. Kembiesa. Tracer [1. 2. 6. 7 J _sH testosterone, spec. act. 93 Ci/maol 
(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 
8.8% respectively. 

5 tat i s tic a 1 a n a 1 y s e s: 

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

Results 

Differences between levels ilf estradiol 17 II (Ea) and testosterone plus Sa -dlhydro
testosterone (T+DHT) on particular days of the cycle were not significant statistically. 
but the mean concentration of Ea and T+DHT increased between the 13th and 20th day 
(Table 1). PGF a a level also increased. reaching the highest concentration In UF 
obtained on the 20th day of the cycle. However. immunoreactive PGFa a was not found 
in the endometrial fractions. P4 secretion by the porcine luteal ceUs 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 PGP-2a • testosterone + dlhydrotesterone 
(T+DHT) and estradiol-171l (I.) in porcine uterine flushing 

,---------------
Day 

I of cycle 

----------------------r----------------------- ----------------------! 
PGF-2a T+DHT Ea , 
(pg/ml) (pg/ml) (pg/ml) . i 

~--------------- ---------------------- -------------.--------- ---------------------
5 127.5 (4)a 140.5 (3) 168.6 (3) 

!56.2 !49.2 +37.1 
255.8 (4) 212.4 (4) 13 
!83.4. !45.2 

17 241.6 (3) 262.5 (3) 272.2 (3) 
!73.1 !64.2 !41.2 

ZO 574.4 (5) 22Z.1 (4) 373.4 (~) 
!94.0 !61.0 !68.Z 

Mean values! S.E.; a - number of Investigated animals 
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after 30 min. and 3 anei 6 hour incubation. When the luteal cells were incubated with UF 
fl'OM the 17th and ZOth day of the cycle. P4 secretion decreased. Statistically significant 
differences were found in pl'Ogestel'One levels between the control gl'OUp and the group" 
incubated with UF. This luteolytic effect of UF convergent with an increase of PGF. a 
and E •• .-.. 
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The effect of uterine flushings from the 5th. 13th. 17th and 20th day of the estrous 
cycle on proge.tarone secretion by the porcine luteal cells frqa 13th day. of the cycle. 
Hean values ± S.!. for 5 gilts/group. XUifference significant at p < 0.05 (t-test). 
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Fractionation of precipitate of the 
porcine enda.etrial extract fro. 5th 
day of the cycle on Sephadex G-200. 
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Fractionation of precipitate of the 
porcine endoaetrial extract from 13th 
day of the cycle on Sephadex G-200. 
Fractions I-III. 

EPF on the 5th. 13th. 17th and ZOth day of the cycle. and pl'Otein concentrations 
are preaented in Figs. Z. 3. 4. 5 and Table Z. On the 5th and 13th day of the cycle 
three fractions were obtained (I-III). while on the 17th.and ZOth day two fractions (I-II). 
Also protein concentration in the endometrial fractions was fairly differentiated. The 
highest pl'Otein content was noted in fraction III on the 5th day of the cycle. the lowest 
in fraction II on the 17th and ZOth day (Table Z). 
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Fractionation of preCipitate of the 
porcine endo .. trial extract fro. 20th 
day of the cycle on Sephadex G-200. 
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hoteln fractions from the porcine endometrium at different days 
of the cycle 

Day 
of the cycle 

5 

Fractions 
Protein 

concentration 
mgllOO mg 
of extract 

---------------------"--------------------
I 

II 
III 

21. 70 
25.20 
30.45 

------------------- ----~~~-------------- --------------------
I 

13 II 
III 

I 
17 II 

I 
20 11 

17.50 
27.30 
19.00 

24.80 
4.20 

26.20 
4.20 

Studies on the effect of endometrial fractions upon t~e steroidogenesis 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 
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certain lowering of the hormone level during incubation of the luteal cells in the presence 
of fraction 111 IFig. 6/. Similar results were obtained during incubation of the luteal 
cells with fraction I and 11 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 moat pronounced effect on progesterone secretion (Figs. 8 and 9). It was shown 
that fractions I and 11 inhibited ( P < 0.05) secretion of this steroid during 6 hour 
incubation. 
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Fig. 7.The effect of protein fraction (100 ng/ml) from the 13th day of the estrous cycle on 
progesterone secretion by thexluteal cells on 13th day of the cycle. Mean value ~ S.E. 

for 4 gilts/group. Difference significant at P < 0.05 (t-test). 

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 flunhings 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 luteolysls of the corpora lutea 
in pigs (K i d d e r et al. 1955; Gar d n e r et al. 1963; F ran k et al. 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 tile 13th day of cycle revealed lack of estradiol 17 B • while progesterone and 
testosterone were both present. Progesterone concentration amounted to Z.O ngl100 ng 
of protein in fraction I. and to 2.5 and 1. 6 ng in fractions II and III respectively. 
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for 4 KiU.Jlroup.xDifference a1anlf1cant 
at P < 0.05 (t-te.t). 

Testosterone levels amounted to Z4. 68 and 30 PI/lOO nl of protein respectively In 
ftoactions I. II and III. It can be auumed that exolenous prolesterone and testostelone 
present In the endometrial fractions at rather low levels had no sllnlficant effect on 
endolenous secretion of this hormone. Studies carried out on Iranulosa cells In rata 
revealed that testosterone and Sa dihydrotestoaterone acted synerletically with FSH. 
stimulatinl cholesterol transformation Into prolesterone (N I.m rod and L I n"d n e r 
1976; A r in s t ron I and 0 0 r r I nit 0 n 1976; Leu n g et al. 1979). At 
the same time. the present studies revealed that none of the endometrial fractions 
containlnl testosterone stimulated prolesterone secretion. 

We have not been able to find any works dealinl with the effect of endometrial 
protein fractions on pr.olesterone secretion. M u r ray et al. (1972) Isolated protein 
fractions from the uterine flushlnls. These authors also obtained three protein fractions 
until the 9th day. but In later phases of the cycle aaditional 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 M u r ray et al. 
(1972) and found in our studies milht have reSUlted. from different biololical material 
used. or from different procedure of separating the uterine flushlnls and the proteins 
isolated from the endometrium. Concentration of proteins In the uterine flushlngs studied 
by M u r ray et al. (1972) reached the peak on the 15th day of the cycle. and then 
decreased rapidly. so that on the 17th. 18th and ZOth 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 IlIon the 
5th day. and In fraction II on the 13th day of the cycle. The lowest protein CDlcentration 
was noted in fraction II on the 17th and ZOth 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 ZOth day of the cycle contained about 6 times more protein 
than fraction II. whereas Ita 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 suglested that the process might have been affected by the type of 
protetft produced by the endometrial tlu\le. or by the presence of _ other fac~or(lI) 
with luteolytic effect. Studies by S qui r e et al. (1972) revealed that the 
electrophoretic pattern of proteins chan led during the estrous cycle In pigs. The protein 
components of porcine uterine secretions sho_d similar electrophoretic pattern on day 
Z-U. Bellnlnl on day 1Z there _re additional protein banda In the postalbumin area. 
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Vliv uterinnfch vfplaik6 a en~trWnfch protefncwtch frakcf na aekreci 
propsteronu lute6lnimi bunkaml prunfc 

Od praanil!ek 5 •• 13 •• 17. a ZOo den pohlavn1ho eyklu byly z1akliviny vyplaiky 
uteru vtplaehem kald4ho diloln1ho .. rohu 50 m1 Eaglova media. Filtrae1 proteinll izo
Iovanyeh • endometria na Sephildexu G-ZOObyly z1akiny endometriol.ln1 proteinov6 frak
ee (EPF) praa~il!ek ve atejnyeh dneeh eyklu. 

Tfi £PF (I •• II. a III) byly .1aUny 5. a 13. den eyklu. dvi frakce (I •• II) 17. 
a ZOo den cyklu. 

Byl aledovin vliv uterinn1ch vyplaikO a endometriol.lnich proteinovych frakci na 
aekreci progeateronu (P4) luteol.lniml buiikaml ziakanymi z corpora lut .. praanil!ek 13. 
den cyklu. 

Koncentrace P4 byla atanovena polllOd RIA metody po inkubaci 30 minut. 3 a 6 
hodin. Hladiny eatradiolu 17S (E.). teatoateronu plua Sa dihydroteatoateronu (T+DHT). 
a PGF-Z a byly atanoveny jak ve vyplaiic1ch. tak i v endometriol.lnich proteinovych frak
dch. 

Bylo prokbino. Ie koneentrace PGF-Za a E. byla nejvyiiiii ZOo den cylt1u. a Ie 
uterinni vyplaiiky z1akan6 17. a ZO den inhibovaly aekreci P 4 luteol.lnimi bunkami pras
nil!ek. Podobny inhibil!ni 6l!inek mila i EPF od 13. dne cyklu. a frakce I. a II. 17. a 
ZOo den cyklu. Endometriol.lni proteinov6 frakce inhibovaly zol.kladni produkci progeate
ronu i v nepi'itomnoati imunoreaktivniho PGF-Z a. 

BnaaBHe MaTOqawx 3Kccy~aToa H 3B~oMeTpHan.Bwx 6enKoawx tpaKUH8 Ba 
ceKpeuxm nporecTepoBa n~ean.BWMH KneTK .. H caHBeA 

MaTOqBwe 3Kccy~aTw (MS) HsaneKanH nYT8M npoMW8aBHR Ka_Roro pora 
MaTKH C8HBOK 50 Mn~Taopa HrnR Ba 5. 13, 17 H 20 ~eB. sCTpan.Boro UHKna. 
3B~oMeTpHan.Bwe 6enK08we tpaKUHH (3S.) Tax.e nonyqanv. Ba 5, 13, 17 H 20 
~eB. UHKna nYT8M ren.-tyn.TpaUHH Ba ceta~eKue G -200 6enKoa, HsonHpoaaB
BWX HS eB~oMeTpHR. 

Ba 5 H 13 ~eB. UHKna nonyqHnH TpH (I, II • I I 1) 3S., a Ba 17 H 20 ~eH. -
~ae ( I. I 1) 3S.. 

Hccne~08anH anHRBHe MaTOqBWX sKccy~aToa H sB~oMeTpHan.Bwx tpaKUHA Ba 
ceKpeUHm nporecTepoBa (P4) n~ean.BWMH KneTKaMH, nonyqeBBWMH HS _8nTwx 
Ten 1IaHBOK Ba 13 ~eB. 1IHKna.· 

YpoaeB. P4 onpe~enRnH n~HoHMMyBonOrHqeCKHM MeTO~OM no HCTeqeBHH 
30 MHByT, a Tax.e 3 H 6 qacaa·KHKy6a1lHH. KpoMe Toro. onpe~enRnH ypo8eB. 
SCTp~Hona 17S (E.) H TecTocTepoBa nnmc 5a-~HrH~poTecTocTepoBa (T+DHT) 
a MS, a Tax.e ypo8eB. npocTornaB~HBa F-Za (PGF. a) a M3 H 3S.. 

KOBcTaBTHpoaanH, qTO KOB1IeBTpaUHR PGF.a H E. 6wna BaH60nee 6WCOKOA 
Ba 20 ~eB. UHKna H qTO MS C 17 H 20 ~BR TOPMOSRT ceKpeUHm P4 nmTean.BWMH 
KneTKaMM caHBeA. nO~06Boe TOpMOSR.ee ~eACTaHe OKaswaana I I I 35. c 13 
~BR UHKna. a TaK_e I H II 3S. C 17 H 20 ~BR UHKna. nepeqHCneBBwe 35. 
TopMosHnH 6asan~Bym npo~yKUHm nporecTepoBa, BecMOTPR Ba oTcycTaHe 
HMMYBopeaKTHaBoro PGF-Za. 
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