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Prostaglandins belong to the most important factors
involved in the process of maternal recognition of
pregnancy and are crucial regulators of the corpus
luteum lifespan. Prostaglandin (PG) F2á (8) is consi-
dered as a luteolysin, while PGE2 acts in a luteotro-
phic manner, promoting the maintenance of early pre-
gnancy (1, 5, 24). Besides PGs of uterine origin, luteal
PGE2 and PGF2á are involved in the autoregulation
of CL functioning. It has been reported that luteal cells
possess an inherent capacity to produce PGs in most
mammalian species (2).

The luteal production of prostaglandins is regulated
by many endocrine or paracrine mediators, including
ovarian steroids. The effect of ovarian steroids on PGs
synthesis in the tissues of the reproductive tract is well
documented (17). It was indicated that estradiol (E2)
and progesterone (P4) influence prostaglandins
synthesis in luteal cells in vitro (9, 15, 16). Moreover,
there is increasing evidence that the immune system

participates in the regulation of gonadal functioning.
Interleukin-1â (IL-1â) and other proinflammatory
cytokines are potential factors involved in the modu-
lation of luteal cells steroids secretion (12, 14). It was
found that IL-1â is produced not only by macrophages
infiltrating the ovary but also by other cell types of the
ovarian tissue. IL-1â was found in follicular fluid and
its receptor mRNA and protein were detected in gra-
nulosa cells (11, 18, 19, 22).

The aim of the present study was to determine the
effect of E2, P4 and IL-1â on PGE2 and PGF2á secre-
tion by cultured slices of corpora lutea from the ova-
ries ipsi- and contralateral to the uterine horn within
the developing embryos on days 12-14 of pregnancy
and days 12-14 of the estrous cycle using a surgically-
-generated model of porcine uterus.

Material and methods
Animals and experimental protocol. All procedures

involving animals were conducted in accordance with the
Local Research Ethics Committee national guidelines for
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agricultural animal care.
Prepubertal gilts (n = 6)
with an average body
weight of 100 kg and
7-months-of-age were used
in our studies. The gilts
were subjected to surgical
procedure under general
anesthesia. The uterine
horns were presented by
a midventral opening of the
caudal part of the abdomen.
One uterine horn of each
gilt was cut transversely and
the endings were closed by
a suture. This way an expe-
rimental model was created
in which the pig uterus
consisted of a one whole
uterine horn and a part of
the second horn both con-
nected with the uterine
corpus. The remaining part
of the second horn connec-
ted with the contiguous ova-
ry was surgically detached
from the uterine corpus.
After a 10-day recovery
from surgery, gilts were tre-
ated hormonally by an intra-
muscular injection of 750
I.U. PMSG (Folligon, Inte-
rvet) and 500 I.U. of hCG (Chorulon, Intervet) given 72
hours later. Subsequently, gilts (n = 6) were inseminated
24 h after hCG treatment. The insemination was repeated
twice at 12 h intervals. The control group (n = 6) consisted
of gilts subjected to the surgical procedure and hormonal
treatment but not inseminated. At the days 12-14 of pre-
gnancy or estrous cycle gilts were slaughtered. To confirm
pregnancy, the uterine horns were flushed with 10 ml PBS
(pH 7.4) to determine the presence of embryos in uterine
flushings. Corpora lutea from both ovaries, ipsi- and con-
tralateral to the uterine horn were collected with the deve-
loping embryos.

Corpora lutea (CLs) were cut into 50 mg slices that were
placed in individual vials containing 1 ml of Medium 199
(Sigma, USA) supplemented with 0.1% BSA fraction V
(Sigma, USA). CL slices were pre-incubated in a water bath
at 37°C for 18 h in an atmosphere of 5% CO2

 in the air and
then treated for 6 h with E2 (100 nM/ml), P4 (50 nM/ml)
and IL-1â (2.5 ng/ml). After incubation culture medium
was collected and CL slices were homogenized and stored
at �70°C for further analysis of PGE2 and PGF2á content
in homogenates and medium.

Homogenization of the tissues. The homogenization of
the CL slices was performed with the use of Ultra-Turax
T25 homogenizer (IKA, Sweden). Frozen tissue was cut
with a scalpel on the Petri dish and transferred into tubes
containing a homogenization buffer composed of the fol-

lowing components: 150 mM NaCl, 1 mM EDTA, 0.02%
NaN

3
 (POCH, Poland), 1% Triton X-100 (Sigma, USA),

proteases inhibitors � aprotinin 10 µg/ml, leupeptin 25 µg/
ml pepstatin, 1 µM/ml and PMSF 100 µM/ml (Sigma, USA)
and 10 µl/ml of stabilization buffer (0.3 M EDTA and 1%
acetylosalicylic acid, pH = 7.4); pH 8.0. Each sample was
homogenized three times for 20 sec. The suspension was
then centrifuged at 5000 rpm at 4°C for 20 min (Beckman,
UK). After centrifugation the supernatant was collected and
kept at �70°C for further hormonal analyses.

PGE2 and PGF2á determination. PGE2 content in CL
homogenates and media was determined by a direct EIA
test according to Skarzynski and Okuda (20). To determine
the content of PGF2á, a direct enzyme immunoassay (EIA)
test described by Uenoyama et al. (21) was used. The dilu-
tions of anti-sera were 1 : 150 for PGF2á and 1 : 300 and
1 : 200 for PGE2 in homogenates and medium, respective-
ly. Standard curves for PGE2 and PGF2á ranged from
0.19-100 ng/ml and 1.9-60 ng/ml, respectively. The intra-
and interassay coefficients of variation for PGE2 were 7.6
and 14.9, and 7.5 and 11.4 for PGF2á. The sensitivity of
the assay was 0.19 ng/ml and 1.9 ng/ml for PGE2 and
PGF2á, respectively. Mean concentrations of hormones
were presented as ng of a hormone per mg of protein. Total
tissue protein in homogenates was determined with the
Bradford method 1976 (4).
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Fig. 1. PGE2 content in CL slices from the ovaries ipsi- (CL1) and contralateral (CL2) to the
uterine horn with the developing embryos and in media after incubation of the slices of
pregnant (a, c) and cyclic gilts (b, d) with E2, P4 and IL-1â. Figures: a and b � PGE2 content
in homogenates of CL slices after incubation; c and d � PGE2 content in media after incubation
of CL slices
Explanations: Values are expressed as means ± SEM. Different letters above the bars indicate signi-
ficant differences (P < 0.05); a, b � mean differences in comparison to the control of CL1, A, B �
mean differences in comparison to the control of CL2, * � means differences between CL1 and CL2
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Results and discussion
Exposure of CL slices from the ovary ipsilateral to

the uterine horn with the developing embryos to P4 in
vitro resulted in enhanced PGE2 synthesis on days
12-14 of pregnancy in comparison to non-treated sli-
ces (p < 0.05; fig. 1a). Only the tendency to increase
PGE2 synthesis after the incubation of CL slices from
the ipsilateral ovary with E2 was observed (p = 0.08,
fig. 1a), whereas E2 significantly elevated PGF2á syn-
thesis (p < 0.05; fig. 2a). IL-1â treatment had no effect
on PGE2 synthesis in CL slices from both ovaries of
gilts on days 12-14 of pregnancy (p > 0.05; fig. 1a);
however, IL-1â stimulated PGF2á synthesis but only
in CL slices from the ovary ipsilateral to the uterine
horn with the developing embryos (p < 0.05; fig. 2a).
Basal PGE2 synthesis was significantly higher in CL
slices from the ovary contralateral to the uterine horn
with the developing embryos in comparison to CL
slices from the ipsilateral ovary (p < 0.05; fig. 1a).
There were no significant differences in PGF2á syn-
thesis between CL slices from the ipsi- and contrala-
teral ovaries of pregnant gilts (p > 0.05; fig. 2a).

IL-1â and E2 significantly increased PGE2 release
to the medium after incubation of CL slices from the
ovary contralateral to the uterine horn with the deve-
loping embryos on days 12-14 of pregnancy (p < 0.05;
fig. 1b). Moreover, IL-1â treatment resulted in eleva-

ted release of PGF2á
from CL slices from the
ovary ipsilateral to the
uterine horn with the de-
veloping embryos (p <
0.05; fig. 2b). PGE2 re-
lease was significantly
higher after incubation
with IL-1â from CL sli-
ces from the ovary con-
tralateral to the uterine
horn with the developing
embryos (p < 0.05;
fig. 1b) in comparison to
CL slices from the ipsila-
teral ovary. In the authors�
study E2 increased PGE2
release from CL slices
from the contralateral
ovary in comparison to its
secretion from CL slices
from the ipsilateral ovary
(p < 0.05; fig. 1b).

There was no effect of
the investigated steroids
on PGE2 synthesis in CL
slices collected on days
12-14 of the estrous
cycle (p > 0.05; fig. 1c),
while PGF2á synthesis

was enhanced significantly by IL-1â in CL slices from
the ipsilateral ovary, as well as by P4 from CL slices
from the contralateral ovary (p > 0.05; fig. 2c). PGE2
and PGF2á contents in the medium after incubation
of CL slices both from the ipsi- and contralateral
ovaries on days 12-14 of the estrous cycle were signi-
ficantly higher after IL-1â treatment (p < 0.05; fig. 1d,
fig. 2d, respectively). In the present study it was indi-
cated that PGE2 release from CL slices from the ipsi-
lateral ovary was elevated after incubation with P4
(p < 0.05; fig. 1d). E2 significantly increased PGF2á
release from CL slices from the contralateral ovary in
comparison to its basal secretion (p > 0.05; fig. 2d).

In the present study P4 increased PGE2 synthesis in
CL slices from the ovary ipsilateral to the uterine horn
with the developing embryos, which indicates that
embryos and products of their secretion enhanced sen-
sitivity of CL to P4 supporting its luteotrophic activi-
ty. This effect was not observed in case of PGF2á
synthesis in CL slices obtained from the ovaries of
pregnant gilts cultured with P4. Moreover, Farina et
al. (6) found that P4 not only increased PGF2á but
significantly inhibited uterine production of PGF2á
in vivo in rats. In the studies of Franczak et al. (7) P4
was without effect on myometrial PGE2 and PGF2á
secretion regardless of the reproductive status (estrous
cycle and pregnancy). In this study in contrast to the
effect of P4, E2 increased PGF2á synthesis in CL

Fig. 2. PGF2á content in CL slices from the ovaries ipsi- (CL1) and contralateral (CL2) to the
uterine horn with the developing embryos and in media after incubation of the slices of
pregnant (a, c) and cyclic gilts (b, d) with E2, P4 and IL-1â. Figures: a and b � PGF2á content
in homogenates of CL slices after incubation; c and d � PGF2á content in media after incuba-
tion of the slices
Explanations: as in fig. 1.
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slices from the ovary ipsilateral to the uterine horn with
developing embryos. E2 had no effect on PGF2á con-
tent in CL slices from the contralateral ovary of
pregnant gilts and CL slices of both ovaries of cyclic
gilts but increased PGF2á release from CL slices from
the ipsilateral ovary of pregnant gilts. Johnson et al.
(10) found that E2 and P4 had no effect on PGs pro-
duction (in any tested dose) and thus did not influence
luteal function in vitro in rhesus monkeys during the
mid-luteal phase of the menstrual cycle. Moreover, in
studies of Blitek et al. (3) it was indicated that both E2
and P4 did not enhance PGE2 and PGF2á secretion
by cultured endometrial cells, while E2 and P4 were
added together, the secretion of both PGs was stimu-
lated. In the present study CL slices were not treated
with combined P4 and E2, however the authors obser-
ved their opposite stimulation on PGE2 and PGF2á,
respectively. Supposedly P4 alone was able to stimu-
late PGE2 synthesis due to the high concentration of
endogenous E2 of embryonic origin in CL. The fact
that exogenous E2 alone stimulated PGF2á synthesis
might be caused by enhanced luteotrophic capacity of
so-called �pregnant� CL and its higher P4 content.
However, why E2 increased PGF2á synthesis in CL
slices from ipsilateral ovary of cyclic gilts is unclear
and needs further investigation. In the present study
IL-1â markedly increased PGE2 release from cultured
CL slices from the ovary contralateral to the uterine
horn with developing embryos of pregnant gilts and in
cyclic gilts regardless of CL origin. This observation
indicates that cultured CL slices responded to IL-1â
only when they originated from the ovaries connected
to the uterine horn without embryos or both ovaries of
non-pregnant gilts. Similarly, Miceli et al. (12) obser-
ved a significant increase in prostaglandins release
from cultured human luteal cells to the incubation
medium after IL-1â treatment and the cytokine was
more effective on PGE2 than PGF2á release. It was
found that in primate and bovine luteal cells in vitro
this stimulatory effect is mediated by the cyclooxy-
genase activity (COX) pathway (13, 14, 23) rather than
release of intracellular prostaglandins.

Concluding, some regulations are associated with
embryos presence in the uterine horn such as the sti-
mulatory effect of IL-1â on CL slices that originated
from the ovary connected to the uterine horn without
embryos independently whether gilts were pregnant
or cyclic. It is possible that embryonic signals affect
CL and modify its sensitivity to gonadal steroids and
cytokine.

References
1.Akinlosotu B. A., Diehl J. R., Gimenez T.: Prostaglandin E2 counteracts

the effect of PGF2á in indomethacin treated gilts. Prostaglandins 1988, 365,
81-93.

2.Arosh J. A., Banu S. K., Chapdelaine P., Madore E., Sirois J., Fortier M. A.:
Prostaglandin biosynthesis, transport, and signaling in corpus luteum: Basis
for autoregulation of luteal function. Endocrinology 2004, 145, 2551-2560.

3.Blitek A., Mendrzycka A. U., Bieganska M. K., Waclawik A., Ziecik A. J.:
Effect of steroids on basal and LH-stimulated prostaglandin E2 and F2á

release and cycloxygenase-2 expression in cultured porcine endometrial
stromal cells. Reprod. Biol. 2007, 7, 73-88.

4.Bradford M. M.: A rapid and sensitive method for the quantitation of micro-
gram quantities of protein utilizing the principle of protein-dye binding. Anal.
Biochem. 1976, 72, 248-254.

5.Christenson L. K., Farley L. K., Anderson L. H., Ford S. P.: Luteal main-
tenance during early pregnancy in the pig: role for prostaglandin E2. Prosta-
glandins 1994, 47, 61-75.

6.Farina M., Ribeiro M. L., Weissmann C., Estevez A., Billi S., Vercelli C.,
Franchi A.: Biosynthesis and catabolism of prostaglandin F2á are controlled
by progesterone in the rat uterus during pregnancy. J. Steroid. Biochem. Mol.
Biol. 2004, 91, 211-218.

7.Franczak A., Kotwica G., Kurowicka B., Oponowicz A., Woc³awek-Potocka I.,
Petroff B. K.: Expression of enzymes of cycloxygenase pathway and secre-
tion of prostaglandin E2 and F2á by porcine myometrium during luteolysis
and early pregnancy. Theriogenology 2006, 66, 1049-1056.

8.Gadsby J. E., Lovdal J. A., Brott J. H., Fitz T. A.: Prostaglandin F2á receptor
concentration in corpora lutea of cyclic, pregnant, and pseudopregnant pigs.
Biol. Reprod. 1993, 49, 604-608.

9.Grazul A. T., Kirsch J. D., Marchello M. J., Redmer D. A.: Prostaglandin
F2á, oxytocin and progesterone secretion by bovine luteal cells at several
stages of luteal development: effects of oxytocin, luteinizing hormone,
prostaglandin F2á and estradiol-17â. Prostaglandins 1989, 38, 307-318.

10.Johnson M. S., Ottobre A. C., Ottobre J. S.: Prostaglandin production by
corpora lutea of rhesus monkeys: characterization of incubation conditions
and examination of putative regulators. Biol. Reprod. 1988, 39, 839-846.

11.Machelon V., Nome F., Durand-Gasselin I., Emilie D.: Macrophage and
granulosa IL-1â mRNA in human ovulatory follicles. Hum. Reprod. 1995,
10, 2198-2203.

12.Miceli F., Tropea A., Minici F., Navarra P., Lanzone A., Apa R.: Inter-
leukin-1â stimulates progetserone production by in vitro human luteal cells:
evidence of a mediatory role of prostaglandins. J. Clin. Endocrinol. Metab.
2003, 88, 2690-2694.

13.Nishimura R., Bowolaksono A., Acosta T. J., Murakami S., Piotrowska K.,
Skarzynski D. J., Okuda K.: Possible role of interleukin-1 in the regulation of
bovine corpus luteum throughout the luteal phase. Biol. Reprod. 2004, 71,
1688-1693.

14.Nothnick W. B., Pate J. L.: Interleukin-1â is a potent stimulator of prosta-
glandin synthesis in bovine luteal cells. Biol. Reprod. 1990, 43, 898-903.

15.Pate J. L.: Regulation of in vitro prostaglandin synthesis by progesterone
in the bovine corpus luteum. Biol. Reprod. 1987, 36 (Suppl. 1), 137, abst.

16.Pate J. L.: Regulation of prostaglandin synthesis by progesterone in the
bovine corpus luteum. Prostaglandins 1988, 36, 303-315.

17.Perez Martinez S., Hermoso M., Farina M., Ribeiro M. L., Rapanelli M.,
Espinosa M., Villalon M., Franchi A.: 17-beta-estradiol upregulates COX-2
in the rat oviduct. Prostaglandins Other Lipid Mediat. 2006, 80, 155-164.

18.Piquette G. N., Sion C., Danasouri I. E., Frances A., Polan M. L.: Gene
regulation of interleukin-1â, interleukin-1 receptor type 1, and plasminogen
activator inhibitor-1 and-2 in human granulosa � luteal cells. Fertil. Steril.
1994, 62, 760-770.

19.Simon C., Frances A., Piquette G., Polan M. L.: Immunohistochemical
localization of the interleukin-1 system in the mouse ovary during follicular
growth, ovulation and luteinization. Biol. Reprod. 1994, 50, 449-457.

20.Skarzynski D. J., Okuda K.: Different actions of noradrenaline and nitric
oxide on the output of prostaglandins and progesterone in cultured bovine
luteal cells Prostaglandins Other Lipid Mediat. 2000, 60, 35-47.

21.Uenoyama Y., Hattori S.-I., Miyake M., Okuda K.: Up-regulation of oxytocin
receptors in porcine endometrium by adenosine 3�, 5�-monophosphate. Biol.
Reprod. 1997, 57, 723-728.

22.Wang L. J., Norman R. J.: Concentrations of immunoreactive interleukin-1
and interleukin-2 in human preovulatory follicular fluid. Hum. Reprod. 1992,
7, 147-150.

23.Young J. E., Friedman Ch. I., Danforth D. R.: Interleukin-1â modulates pro-
staglandin and progesterone production by primate luteal cells in vitro. Biol.
Reprod. 1997, 56, 663-667.

24.Ziecik A. J.: Old, new and the newest concepts of inhibition of luteolysis
during early pregnancy in pig. Dom. Anim. Endocrinol. 2002, 23, 265-275.

Author�s addres: dr Marek Bogacki, ul. Tuwima 10, 10-747 Olsztyn;
e-mail: marbo@pan.olsztyn.pl


