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Abstract

The present study was undertaken to determine the effect of interleukin-1β (IL-1β), interleukin-6 
(IL-6) and tumour necrosis factor-α (TNF-α) on prostaglandin (PG)F2α and PGE2 secretion as 
well as cyclooxygenase-2 (COX-2) protein expression in myometrium collected on days 25, 30 
and 40 of pregnancy in pigs. Myometrial slices were incubated for 16 h with IL-1β, IL-6 and 
TNF-α (1 or 10 ng/ml of medium) or two combinations of the three cytokines (1 or 10 ng/ml 
of each cytokine per combination). We demonstrated the stimulatory effect of IL-1β and IL-6 
on PGF2α and PGE2 secretion from myometrium collected on all examined days of pregnancy, 
excepting of influence of IL-6 on release of PGF2α by tissue from day 30. In turn, TNF-α was able 
to stimulate only PGE2 secretion by myometrium of 40-day-pregnant gilts. The three cytokines 
applied in combination augmented release of PGE2 from myometrium collected on days 30 and 
40 of pregnancy. Stimulation of PGE2 secretion by cytokines used individually was more frequent 
than that of PGF2α. Moreover, an enhancement in PGF2α and/or PGE2 release was accompanied 
by an increase of COX-2 protein expression. Our study shows the ability of cytokines to stimulate 
PGF2α and PGE2 release by porcine myometrium from the first third of pregnancy. Obtained data 
suggest that locally PGs produced in myometrium influencing the uterine contraction activity 
may be important for the maintenance of myometrial quiescence during pregnancy and confirm 
also that the complex cytokine network is an important regulatory mechanism of PGs production 
during pregnancy. 
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Prostaglandins (PG)F2α and E2 are of great significance for establishment and maintenance 
of pregnancy. They participate in several key processes such as implantation, decidualization, 
immunosuppression or dilatation of uterine arteries and initiation of parturition (Stanfield 
et al. 2003; Ashworth et al. 2006; Franczak et al. 2006). Moreover, PGs and their 
receptors play an important role in the maintenance of myometrial quiescence necessary 
for successful termination of pregnancy (Dong and Yallampalli 2000; Myatt and Lye 
2004). 

Interleukin (IL)-1, IL-6 and tumour necrosis factor-α (TNF-α) are cytokines important 
for many pathological and physiological processes. They are synthesized and released not 
only by immunocompetent cells in response to lipopolysaccharides (LPS) (Kijubu et al. 
1991; Lee et al. 1992) but also by many tissues and cell types including those of the 
female reproductive system (Hunt 1993). In pregnant females, cytokines are produced 
by bone marrow-derived cells, particularly macrophages (Hunt 1993), endometrium (Yu 
et al. 1998; Chabot et al. 2004), foetal membranes (Sato et al. 2001) and myometrium 
(Young et al. 2002). The local synthesis of IL-1, IL-6 and TNF-α in human (Kim et al. 
1998), rodent (Sato et al. 2001) and porcine (Ross et al. 2003; Chabot et al. 2004) uterus 
fluctuates during gestation.

In vitro studies have shown that IL-1 and TNF-α stimulated secretion of PGE2 and PGF2α 
by myometrial cells of non-pregnant and pregnant women (Pollard and Mitchell 1996; 
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Rauk and Chiao 2000; Korita et al. 2004). These cytokines were found to stimulate 
the production of PGs by myometrial cells of non-pregnant women through increasing 
the expression of cyclooxygenase-2 (COX-2) and phospholipase A2 (Molnar et al. 1993; 
Rauk and Chiao 2000). Furthermore, IL-1β augmented also the expression of COX-
2 as well as microsomal PGE synthase-1 (mPGES-1) in pregnant human myometrium 
(Erkinheimo et al. 2000; Astle et al. 2007). Our previous study demonstrated that IL-1β, 
IL-6 and/or TNF-α stimulated secretion of PGF2α and PGE2 as well as expression of COX-2 
protein in the chorioamnion (Jana et al. 2008a) and maternal placenta (Jana et al. 2008b) 
collected during the first third of pregnancy in gilts.

It was demonstrated in rats that the developing inflammatory process of uterus following 
LPS, peptidoglycan and Escherichia coli infusions is connected with an increase of 
TNF-α and IL-1β concentrations in peripheral blood (Jana et al. 2005). Moreover, 
bacterial infection changed PGs production in uterine tissues in many species (Neely et 
al. 1979; Peter and Bosu 1987; Jana et al. 2007). Also, bacteria and LPS (often used in 
the intrauterine infection research) stimulate IL-1, IL-6 and/or TNF-α and PGs secretion 
from rodent myometrium during pregnancy. Both, bacteria- and LPS-induced changes 
in myometrial PGs production thought effect the contractile activity of the uterus may 
threaten pregnancy (Hirsch et al. 2006; Anabe et al. 2007). 

In livestock including sows, the first third of pregnancy is the most important for 
successful pregnancy. It was found that in sows between days 20 and 30 of pregnancy a rapid 
increase in allantoic fluid volume occurred, which is associated with initial expansion of 
the chorioallantoic membranes and establishment of intimate contact between the placenta 
and endometrial surface. Moreover, from day 30 to day 70 of pregnancy a gradual increase 
of amniotic fluid volume was observed. Also, between days 20 and 30 of pregnancy a rapid 
increase in placental length took place that was continued until day 60. The number of 
placental areolae reached a maximum at about 35 to 40 days of pregnancy (Knight et al. 
1977). The above processes are regulated by many factors produced locally in the uterus, 
i.e. PGs. We found earlier that secretion of PGF2α and PGE2 by porcine foetal membranes 
(Jana et al. 2008a) and maternal placenta (Jana et al. 2008b) from the first third of 
pregnancy is stimulated by cytokines. As to our knowledge there are no data showing 
the effect of cytokines on PGs release from porcine myometrium, the present study was 
performed to examine the effect of IL-1β, IL-6 and/or TNF-α on PGF2α and PGE2 release 
by myometrium and on COX-2 protein expression in myometrium collected from pigs on 
days 25, 30 and 40 of pregnancy. 

Materials and Methods

Animals and experimental design
The experimental procedures were approved by the Local Ethics Committee, University of Warmia and 

Mazury in Olsztyn. Fifteen primiparous crossbred (Large White × Polish Landrace) gilts (7-8 months, 90-100 kg) 
were housed on a farm and were checked for oestrus behaviour in the presence of a boar. The gilts were naturally 
bred at the onset of oestrus (day 0) and then 12 h and 24 h later. Three days before slaughter, the animals were 
transported to the local animal facility and kept in individual stalls under ambient light and temperature. They 
were fed a commercial grain mixture and tap water ad libitum. 

The gilts were paralyzed by electrical shock on days 25, 30 and 40 of pregnancy (n = 5 per day) and 
exsanguined. The uteri were collected and transported on ice to the laboratory within 3 min. Uterine horns were 
opened longitudinally on the mesometrial surface and the endometrium (maternal placenta) and perimetrium were 
separated from the myometrium by careful scraping using a scalpel blade. Next, pieces of myometrium adjacent 
to maternal placenta were cut and sliced (100 mg) and washed in sterile saline. Individual explants were placed 
into glass scintillation vials (20 ml) with 2.0 ml Medium-199 containing 0.1% of bovine serum albumin (BSA), 
penicillin (100 IU/ml), streptomycin (100 µg/ml) and amphotericin (2 µg/ml). After 30 min of preincubation 
(37 °C, 5% CO2/air), the medium was changed and myometrial slices were incubated in control medium or with 
addition of 1 or 10 ng/ml of human IL-1β, IL-6 and TNF-α, alone or in combination of all three cytokines at dose 
1 or 10 ng/ml each (Sigma, St. Louis, USA) for additional 16 h. All treatments were performed in triplicates. 

The doses of cytokines and time of incubation were based on the results of Pollard and Mitchell (1996). After 
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16 h of incubation, the media were collected into tubes containing 10 µl stabilizing mixture (0.3 M EDTA, POCH 
Gliwice, Poland; 1% aspirin, Polfa, Starogard, Poland) and frozen at -20 °C until PGs assay was completed. The 
slices of myometrium were collected to determine COX-2 protein expression (Western blotting). The tissues were 
then homogenized on ice with a cold buffer (50 mmol/l Tris-HCl, pH 8.0; 150 mmol/l NACl; 1% Triton X-100, 
10 μg/ml aprotinin, 52 μmol/l leupeptin, 1 mmol/l pepstatin A, 1 mmol/l EDTA, 1 mol/l PMSF) and centrifuged 
(10 min, 2 500 × g, 4 °C). The supernatants were centrifuged (1 h, 17 500 × g, 4 °C) and pellets were stored  
at -80 °C for further analysis. Protein content was determined by Bradford method (1976). 

Enzymoimmunoassay of prostaglandins
The concentrations of PGF2α and PGE2 in the medium were measured by a sandwich enzyme immunoassay 

method (Skarzynski and Okuda 2000). The sensitivity of the assay for PGF2α and PGE2 were 0.016 and 0.14 
ng/ml, respectively. Intra- and interassay coefficients of variation for PGF2α and PGE2 were 7.9 and 10.4% and 
6.9 and 9.7%, respectively.

Western blotting for COX-2 protein
The expression of COX-2 protein in myometrium was estimated by Western blotting (Jana et al. 2008a). 

Briefly, the myometrial portions (20 μg) were dissolved in sodium dodecyl sulphate (SDS), a gel-loading buffer, 
heated (95  °C, 4 min) and separated by 10% SDS-polyacrylamide gel electrophoresis. Separated proteins 
were electroblotted onto 0.45 μm nitrocellulose membrane in a transfer buffer. The nonspecific binding sites 
were blocked by incubation with 5% fat-free dry milk in TBS-T buffer at room temperature (RT) for 1.5 h. 
Nitrocellulose membrane was incubated overnight at 4 °C with rabbit polyclonal anti-COX-2 antibodies (diluted 
1:200; Cayman Chemical, USA). COX-2 was detected by incubating the nitrocellulose membrane for 1.5 h at RT 
with secondary biotinylated goat anti-rabbit antibodies (diluted 1:3000; Vectastain ABC kit; Vector Laboratories, 
Inc., Burlingame, CA, USA). Visualization of the immune complex was performed by incubation (2-3 min) with 
a 3,3’-diaminobenzidine tetrahydrochloride (DAB, Sigma-Aldrich Co., USA) for 10 min. Each analysis was 
repeated three times. The intensity of COX-2 protein expression was quantitated by measuring optical density 
using KODAK 1D Image Analysis Software (USA).

Statistical analysis
Experimental data are presented as mean ± SEM of each experiments performed in triplicates. The in vitro 

basal PGF2α and PGE2 secretion and COX-2 protein expression were analyzed by one-way analysis of variance 
(ANOVA). The effect of IL-1β, IL-6 and TNF-α on PGs and COX-2 content was calculated by one-way analysis 
of variance (ANOVA) for repeated measures. The Bonferroni test was applied for comparing the mean values 
(GraphPad PRISM version 4; GraphPAD Software, Inc., San Diego, CA, USA). Differences with probability of 
p < 0.05 were considered as significant. 

Results

Basal PGF2α and PGE2 secretion and COX-2 protein expression
The basal myometrial secretion of PGF2α  collected on day 40 of pregnancy was higher 

(p < 0.01) than on day 25. The increase (p < 0.001) in PGE2 secretion was observed on 
days 30 and 40 of pregnancy compared to day 25. Moreover, this secretion was higher (p < 
0.001) on day 40 than on day 30. The basal COX-2 protein expression in myometrium was 
higher on days 30 (p < 0.01) and 40 (p < 0.001) compared to day 25 (Table 1). Basal release 
of PGE2 by myometrial slices was about five-fold higher than that of PGF2α.

The influence of cytokines on PGF2α and PGE2 release
Higher dose (10 ng/ml) of 

IL-1β and IL-6 stimulated 
(p < 0.05) PGF2α production 
by myometrium on day 25 of 
pregnancy. Similar effect (p < 
0.001) on PGF2α secretion was 
found on day 30 of pregnancy 
after the use of both doses 
of IL-1β. On day 40, PGF2α 
release by myometrium was 

increased (p < 0.01) by the higher dose of IL-1β and IL-6. PGF2α secretion was also greater 
(p < 0.01) in response to IL-1β and IL-6 at the higher than at the lower dose (Fig. 1). 

On day 25 of pregnancy, the secretion of PGE2 was stimulated (p < 0.05) by the 
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Table 1. Basal secretion of PGF2α and PGE2 (ng/ml of medium) and 
COX-2 protein expression (arbitrary units × 103) in porcine myometrium 

collected on days 25, 30 and 40 of pregnancy. 

The means in columns marked with different letters (a, b, c) are 
significantly different (p < 0.01, p < 0.001).

 Days of pregnancy PGF2α PGE2 COX-2
 25 3.3 ± 0.4a 29.4 ± 1.8a 7.0 ± 2.6a 

 30 8.1 ± 1.8ab 42.1 ± 1.2b 21.5 ± 3.6b

 40 14.7 ± 3.0b 55.8 ± 2.5c 30.2 ± 3.2b



higher dose of IL-1β. The medium content of PGE2 elevated following the use of IL-1β  
(p < 0.001) and all cytokines in combination at the higher (p < 0.05) than the lower dose. 
PGE2 release by myometrium from 30-day-pregnant gilts augmented after incubation with 

562

Fig. 1. The effect of IL-1β, IL-6 and TNF-α or combination of the three cytokines on PGF2α secretion (means 
± SEM) by the porcine myometrium collected on days 25, 30 and 40 of pregnancy (n = 5 per group). Different 
letters (a, b, c) indicate significant differences (p < 0.05-0.001). 



both doses of IL-1β (p < 0.001), lower dose of IL-6 (p < 0.01) and with the three cytokines in 
the combination applied at the higher dose (p < 0.001). The secretion of this PG was higher  
(p < 0.001) in response to all cytokines used at the higher than the lower dose. PGE2 release 
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Fig. 2. The effect of IL-1β, IL-6 and TNF-α or combination of the three cytokines on PGE2 secretion (means ± 
SEM) by the porcine myometrium collected on days 25, 30 and 40 of pregnancy (n = 5 per group). Different 
letters (a, b, c, d) indicate significant differences (p < 0.05-0.001). 



by myometrium from day 40 of pregnancy increased (p < 0.001) after the use of both doses 
of IL-1β, higher dose of IL-6 and TNF-α as well as the three cytokines in the combination 
applied at the higher dose. PGE2 secretion was higher after treatment with TNF-α  
(p < 0.01) and with the three cytokines in combination (p < 0.001) used at the higher dose 
compared to the lower dose (Fig. 2).

The effect of cytokines on COX-2 protein expression
Myometrial expression of COX-2 protein was demonstrated in gilts on all examined 

days of pregnancy. The expression of COX-2 protein on day 25 was increased (p < 0.001) 
by the higher dose of IL-1β, both doses of IL-6 and all cytokines in combination used at 
the higher dose. On this day, the expression of COX-2 was higher after the use of  IL-1β  
(p < 0.05) and all cytokines in combination (p < 0.001) applied at the higher than the lower 
dose. Both doses of IL-1β, the lower dose of IL-6 and the three cytokines used together at 
higher dose augmented (p < 0.05) COX-2 protein expression on day 30. The expression 
of this enzyme increased (p < 0.05) after application of all cytokines in combination at 
the higher dose compared to their effect at the lower dose. On day 40 of gestation, both 
doses of IL-1β (1 ng/ml – p <0.05, 10 ng/ml – p < 0.001), IL-6 (p < 0.05) and TNF-α  
(p < 0.001) and all cytokines in combination used at the higher dose (p < 0.001) stimulated 
the expression of COX-2 protein. The COX-2 expression was higher after treatment with 
IL-1β (p < 0.01), TNF-α (p < 0.001) and with the three cytokines together (p < 0.001) used 
at the higher dose compared to the lower dose (Fig. 3).

Discussion
In the present study, basal as well as IL-1β-, IL-6- and TNF-α-stimulated secretions of 

PGF2α and PGE2 and expression of COX-2 protein in the myometrium collected during the 
first third of pregnancy in gilts were evaluated for the first time. 

In our experiment, the basal release of PGF2α and PGE2 as well as COX-2 protein 
expression in cultured myometrial slices of 25-, 30- and 40-day-pregnant gilts occurred 
and the values of studied indicators increased with gestational age, i.e. from day 25 to 
day 30 and/or 40. Similar phenomenon was observed earlier in pigs for basal production 
of PGF2α and PGE2 as well as COX-2 protein expression in the chorioamnion (Jana et 
al. 2008a) and maternal placenta (Jana et al. 2008b) from the first third of pregnancy. 
The basal chorioamnion release of PGE2 enhanced also in pigs during later stages of 
pregnancy up to day 109 (Rice et al. 1989). The increase in PGF2α and PGE2 secretion 
from myometrium along with the progress of pregnancy observed in the present study 
may be caused by growing availability of arachidonic acid (AA), a substrate for PGs 
synthesis, in this tissue. It was previously indicated in pigs that the concentration 
of this acid significantly increases with advancing gestation in foetal membranes 
(Ledwozyw and Kadziołka 1989). Moreover, we determined that basal release of 
PGE2 from myometrium on days 25, 30 and 40 of pregnancy was higher than that of 
PGF2α. This observation corresponds to the study of Franczak et al. (2006) who also 
found higher PGE2 secretion porcine myometrium from 14-16 days of pregnancy than 
PGF2α. Our work further confirms that porcine myometrium metabolizes AA mainly to 
PGE2 during gestation. 

Generally, we found that IL-1β, IL-6 and/or TNF-α stimulated in vitro release of both 
PGF2α and/or PGE2 from porcine myometrium from the first third of pregnancy. These 
results are consistent with our earlier reports in which we revealed also the stimulatory 
effect of these cytokines on PGF2α and/or PGE2 release from porcine chorioamnion 
(Jana et al. 2008a) and maternal placenta (Jana et al. 2008b) from the first third of 
pregnancy. Moreover, Pol lard and Mitchel l  (1996) have demonstrated that IL-1β 
and TNF-α increased PGF2α, PGE2 and 6-keto-PGF1α (the stable metabolite of PGI2) 
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secretion from human myometrial tissue from the late period of gestation. In our study 
the effect of cytokines on the release of PGF2α and PGE2 from myometrium, however, 
depended on cytokine type, treatment dose and day of pregnancy. IL-1β and IL-6 

565

Fig. 3. The effect of IL-1β, IL-6 and TNF-α or combination of the three cytokines on COX-2 protein expression (means 
± SEM) in the porcine myometrium collected on days 25, 30 and 40 of pregnancy (n = 5 per group). Densitometric 
analysis of bands is presented in arbitrary units. Different letters (a, b, c, d) indicate significant differences (p < 0.05-
0.001).



stimulated release of both PGs from myometrial tissue collected on day 25, 30 and 
40 of pregnancy, with the exception of the IL-6 effect on PGF2α secretion on day 30. 
In turn, TNF-α increased PGE2 release only by myometrium of 40-day-pregnant gilts. 
The different ability of cytokines to release PGs in several days of gestation may arise 
from diverse expression of receptors for particular cytokines in myometrium during 
pregnancy. To our knowledge, there are only data showing the expression of receptors 
for IL-1 and IL-8 in human myometrium at term (Hat thachote  and Gil lespie  1999). 
As we demonstrated here, cytokines used individually (at a dose of 1 and/or 10 ng/ml) 
increased more often the output of PGE2 compared to PGF2α from myometrial tissues. 
Although the reason for this situation is unclear, we speculate that cytokines could exert 
a more potent effect on expression of PGES than on PGF synthase. This hypothesis 
may be partially confirmed by studies showing that the PGES-1 mRNA concentration 
in myometrial cells of pregnant women correlated considerably with that of IL-1β 
(Sooranna et al. 2006). Results of the present study demonstrate that generally, the 
quantity of PGF2α and PGE2 released is not dependent on the dose of cytokines. In a 
few cases, however, release of PGs was higher after the use of cytokine/s at the dose 
of 10 compared to 1 ng/ml. A dose-dependent increase in the production of PGI2 and 
PGE2 in response to IL-1 was previously determined in human myometrial cells (Todd 
et al. 1996). Similarly, human myometrial cells responded to IL-1 and TNF-α treatment 
with release of AA (Molnar  et al. 1993). Moreover, we did not find a significant 
increase in PGs secretion from myometrium after cytokine application in combination, 
with the exception of the PGE2 release by tissue of 30- and 40-day-pregnant gilts. 
This may due to a post-receptor convergence on the same secondary signal pathways. 
Such mechanism was described for both TNF-α- and IL-1-induced stimulation of 
the human immunodeficiency virus enhancer which occurs through the activation of  
NF-κB (Osborn et al. 1989). It is possible that similar signalling pathways are involved 
in activation of COX-2 or other PG-synthesizing enzymes by particular cytokines.

Both basal and cytokine-stimulated myometrial secretion of PGE2 observed in 
our study suggests that this tissue may be an additional important source of PGE2 
close to endometrium, influencing corpora lutea protection during pregnancy in 
pigs (Chris tenson et al. 1994). Moreover, the augmentation in myometrial PGE2 
release in response to cytokines observed on days 25, 30 and 40 of pregnancy is 
positively correlated with the initial expansion of chorioamniotic and chorioallantoic 
membranes, establishment of intimate contact between both maternal and foetal parts 
of placenta, an increase in placental size and with the initiation and/or elevation of 
amniotic/allantoic fluid accumulation (Knight  et al. 1977). This observation allows 
to suppose also that PGE2 acting via relaxatory EP2 receptors in porcine myometrium 
may suppress the contractile activity of this tissue contributively to the maintenance 
of uterine quiescence during pregnancy, as was previously found in women (Brodt-
Eppley and Myatt  1999) and rats (Myat t  and Lye 2004). 

It is important to underline that intra-uterine infections in women and laboratory 
animals cause the release of larger quantities of TNF-α, IL-1β and IL-6 and changes 
in PGs synthesis in gestational tissues leading inevitably to adversity of gestation 
(Dudley 1997). Spl ichalova et al. (2004) reported that in vivo intra-amniotic 
administration of Escherichia coli during the second half of gestation in pigs induces 
a high concentration of TNF-α in amniotic fluid. LPS was also found to increase, 
with the involvement of mitogen-activated protein (MAP) kinases, TNF-α and IL-10 
production in human choriodecidua (Shoj i  et al. 2007). Moreover, the myometrial cells 
from pregnant women with intra-uterine infections in response to IL-1β and TNF-α 
produced more PGF2α and PGE2 than those from patients without infections (Pol lard 
and Mitchel l  1996). The effect of these cytokines on PG production in myometrium 
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during infection may be modified by immunosuppressive cytokines, for example, 
IL-4, IL-10 and transforming growth factor-β (Dudley 1997). Additionally, TNF-α-
stimulated PGs synthesis in myometrium may be also dependent on the expression 
of TNF-α converting enzyme (Hung et al. 2006). Thus it is possible that excess of 
PGF2α secretion in porcine myometrium may be harmful for developing embryos and 
foetuses via disturbances in corpus luteum function (Chris tenson et al. 1994). On the 
other hand, PGF2α produced at a larger amount in the myometrium of pregnant gilts 
with intra-uterine infections may also result in the expulsion of dead foetuses from the 
uterus. A similar effect may also exert PGE2 acting via contractile receptors - EP1 and 
EP3 (Brodt-Eppley and Myatt  1999; Myat t  and Lye 2004).

In the present study, an increase in PGF2α and/or PGE2 secretion from myometrium 
was accompanied by an augmentation in COX-2 protein expression. Our results are in 
agreement with data by Astle et al. (2007) who found an increase in the PGs release and 
COX-2 expression in myometrial cells of non-pregnant women after stimulation with IL-
1. In one case, however, we observed on day 25 of pregnancy an enhancement in COX-2 
protein expression without an increase in PGF2α and/or PGE2 (Figs 1-3). This suggests 
that an up-regulation of COX-2 protein expression may be connected with augmentation 
in PGI2 production, as indicated earlier in human myometrium in response to IL-1β and 
TNF-α (Pollard and Mitchell 1996). 

In conclusion, the presented data demonstrate that IL-1β and IL-6 stimulated secretion 
of PGF2α and PGE2 by porcine myometrium collected on days 25, 35 and 40 of pregnancy, 
except for the influence of IL-6 on PGF2α release on day 35. TNF-α resulted only in the 
increase of PGE2 secretion by myometrium in 40-day-pregnant gilts. However, further 
studies should be performed to elucidate the mechanism of PG production in response to 
cytokines. Our data suggest also that locally PGs produced in myometrium influencing 
the uterine contraction activity may be important for the maintenance of myometrial 
quiescence during pregnancy.
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