
INTRODUCTION

Peroxisome proliferator-activated receptors (PPARs) belong to
the nuclear receptor family. Three isoforms of PPARs have been
described as -α, -β/δ, and -γ. As transcriptional factors PPARs
regulate expression of genes that control cell differentiation and
proliferation (1, 2). They can be activated by endogenous
(polyunsaturated fatty acids and arachidonic acid derivatives) and
exogenous (fibrates, thiazolidinediones - TZD, non-steroid anti-
inflammatory drugs) ligands (3). Numerous studies have revealed
that PPARs are involved in adipocyte differentiation, lipid
metabolism and glucose homeostasis (4-9). They also affect
inflammatory responses (10-12) and reproductive processes (13-
15). It has been reported that PPARs are expressed in the ovarian
follicle, luteal cells and uterine tissues in rodents, cows, dogs and
pigs (3, 15-17). They are involved in the regulation of basic ovarian
processes during the estrous cycle and pregnancy. PPARs control
steroidogenesis, angiogenesis, tissue remodeling, cell cycle and
apoptosis (14, 18, 19). The activation of PPARs by TZDs
stimulates secretion of progesterone and estradiol in rat, ovine and
bovine granulosa cells (11, 18) as well as porcine theca cells (20).

During pregnancy, PPARs regulate the embryo implantation
and placenta development. PPARγ inactivation in mice is lethal

and leads to death of the embryo at an early stage of
development (21). Moreover, tissue-specific deletion of PPARγ
in mouse ovary strongly disrupted the embryo implantation (22).
An important role in implantation is also assigned to beta
isoform of PPAR (23, 24). PPARβ-null mice showed
abnormalities in placenta development (21). An administration
of a specific PPARβ agonist restored implantation disorders in
rats with deficiencies of cyclooxygenase-2 (COX-2) and it even
increased the number of implanted embryos compared with
control group (23). A deletion of alpha isoform also affects
fertility in mice. PPARα-null rodents display a higher risk of
maternal abortion and neonatal mortality (25). Recent data
underline a significance of PPARs in pregnancy maintenance
and delivery.

Our previous results showed the presence of PPARs (-α, -β
and -γ1) mRNAin porcine endometrium collected from different
stages of the estrous cycle and early pregnancy (26). A marked
increase in PPARγ1 mRNA level on days 13–15 of the estrous
cycle and the decrease in PPARβ on days 11–12 of pregnancy
suggested that PPARs are engaged, respectively, in luteolysis
(corpus luteum regression) and maternal recognition of
pregnancy in the pig (26). In further experiments we found that
PPARs might be mediators of PGF2α (with luteolytic properties)
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and PGE2 (with luteotrophic properties) synthesis/secretion by
porcine endometrium during the luteal phase of the estrous cycle
and the time of periimplantation (27-29).

In the present study we examined the in vitro effect of PPAR
ligands on progesterone (P4) and 17β-estradiol (E2) secretion by
porcine corpora lutea (CL) on days 10–12 and 14–16 of the
estrous cycle or pregnancy. Additionally, the expression of gene
coding 3β-hydroxysteroid dehydrogenase/∆(5)-∆(4) isomerase
(3β-HSD), an enzyme that catalyzes the synthesis of
progesterone, was also determined.

MATERIALS AND METHODS

Animals

All procedures relative to the care and use of animals were
approved by the Local Animal Ethics Committee of the
University of Warmia and Mazury in Olsztyn (Poland) and the
study was conducted in accordance with the national guidelines
for animal care (approval No 72/2007).

The study was performed on crossbred pigs (100 kg, 7
month-old) from a commercial farm. Premature gilts were
treated hormonally as described previously (27-29). Briefly,
single intramuscular injection of 750 IU PMSG (Folligon,
Intervet, Netherlands) was followed by 500 IU hCG (Chorulon,
Intervet) administered 72 hours later. The animals were divided
into the following experimental groups: cyclic (days 10–12 and
14–16 of the estrous cycle, n=4–6 in each group) or pregnant
(days 10-12 and 14–16 of pregnancy, n=4–6 in each group). The
gilts designated to the pregnant group were inseminated twice,
24 h and 36 h after the hCG treatment. Two stages of the estrous
cycle represent mid- and late-luteal phases. The analysed days of
the pregnancy reflect maternal recognition of pregnancy and the
beginning of implantation. During slaughter the ovaries were
dissected and transported to the laboratory on ice in sterile PBS
with antibiotics (penicillin and streptomycin, Polfa Tarchomin,
Poland).

Incubation of the corpus luteum explants

The procedure for the collection and incubation of the
corpus luteum tissue was described previously (30). Isolated
CLs, from cyclic gilts at the 10–12 (n=5) and 14–16 (n=4) day
of estrous cycle and at the 10–12 (n=7) and 14–16 (n=5) day of
pregnancy, were cut into small pieces (about 100 mg w/w) and
washed twice with sterile PBS. Each tissue piece was placed in
a sterile culture vial with 2 ml of medium 199 supplemented
with 0.1% BSA, gentamycin (40 µg/ml) and nystatin (120
IU/ml). The pieces were pre-incubated in a water bath for 18 h
in an atmosphere of 95% O2 and 5% CO2 and then treated for 6
h with the following reagents (Table 1): PPARα ligands WY-
14643 (agonist; 1 and 10 µM; Cayman Chemical Company,
USA) and MK 886 (antagonist; 10 µM; Enzo Life Sciences
International, USA); PPARβ ligands L-165,041 (agonist; 1 and
10 µM, TOCRIS Bioscience, USA) and GW9662 (antagonist;
10 µM; Cayman Chemical Company, USA) and PPARγ ligands
15d-prostaglandin J2 (agonist; 10 µM; Enzo Life Sciences
International, USA), rosiglitazone (agonist; 1 and 10 µM;
Cayman Chemical Company, USA) and T0070907 (antagonist;
1 µM, Cayman Chemical Company, USA). The PPAR ligand
concentrations and incubation times were selected according to
our preliminary study and previous reports as previously
described (20-22). The tested compounds were added to culture
media in a total volume of 20 µl dimethyl sulfoxide (DMSO,
Sigma, USA). Controls (without the treatments) contained
culture media or DMSO. After incubation, the CLslices were

washed with PBS and snap frozen at –80°C for total RNA
isolation and real-time RT-PCR quantification. Incubation media
were collected for radioimmunology assay and frozen at –20°C.

Determination of P4 and E2 concentration in culture media

Concentrations of P4 in culture media collected after 6 hours
incubation of corpus luteum explants with the tested factors were
determined by RIAaccording to the protocol of Ottobre et al. (31).
Media E2 was determined by RIAaccording to the Hotchkiss`s
(32) protocol. Efficiency of P4 extraction was about 95.5% and
sensitivity was 2 pg/ml. The inter- and intra- assay coefficients
were less than 1.81% and 8.28%, respectively. E2 has not been
extracted, sensitivity was 500 pg/ml. The inter- assay and intra-
assay coefficients were less than 2.71% and 10.01%, respectively.

RNA isolation and real time RT-PCR

Total RNA was isolated with the 'Total RNA' kit (A&A
Biotechnology, Poland), quantified spectrophotometrically and
the integrity of the product was confirmed on 1.5% agarose gel.
The sequences of primers and Taqman probe for 3β-HSD
(GenBank No AF232699) and glyceraldehyde-3-phosphate
dehydrogenase (GAPDH; GenBank No U48832) were designed
using Primer Express Software 3 (Applied Biosystems, CA,
USA) and were synthesized by Applied Biosystems. The
following primer and probe sequences were used: 3β-HSD
forward ACCGTCATGAAGGTCAATGTGA, 3β-HSD reverse
GATGAAGACCGGCACGCT, 3β-HSD probe
CAGCTCCTGCTGGAGGCCTGTGTC; GAPDH forward
CATCAATGGAAAGGCCATCAC, GAPDH reverse
CAGCATCGCCCCATTTG and GAPDH probe
CTTCCAGGAGCGAGATCCCGCC. The expressions of
mRNA encoding 3β-HSD and GAPDH were determined using
TaqMan®RNA-to-CTTM 1-Step Kit (Applied Biosystems). The
concentrations of the PCR primers were 300 nM and 200 nM of
the TaqMan fluorogenic probes labeled with FAM (6-FAM,6-
carboxyfluorescein) dye. Real-time RT-PCR was carried out in
an ABI PRSISM 7300 sequence detector (Applied Biosystems)
using the following parameters: one cycle at 48°C for 30 min,
then one cycle at 95°C for 10 min, followed by 40 cycles at 95°C
for 15 s and one cycle at 60°C for 1 min. All expression data
were normalized to the amount of GAPDH mRNAand presented
as arbitrary units (27, 33). GAPDH mRNAlevels did not change
in the presence of the tested factors.

Statistical analysis

Results were analysed by Statistica (version 8.0, StatSoft
Inc, Tulsa USA). Significant differences were determined by
one-way Anova for repeated measurements followed by least
significant differences (LSD) post-hoc test. Statistical
significances were assigned with different letters at P<0.05. The
data are presented as means ± S.E.M.

RESULTS

The effect of PPAR ligands on P4 release

We observed an inhibitory effect (P<0.05) of WY-14643 (1
and 10 µM; PPARα agonist) on P4 release by the CLon days
14–16 of pregnancy (Fig. 1D). MK-886, PPARα antagonist,
given alone as well as with the agonist, did not change P4 release
by the CL. All tested PPARα ligands did not affect P4 release by
the CLduring both stages of the estrous cycle (Fig. 1A and 1B)
andon days 10–12 of pregnancy (Fig. 1C).
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The treatment of the CLexplants with L-165,045 (1 and 10
µM, PPARβ agonist) diminished (P<0.05) P4 release by the
tissue collected on days 10-12 (Fig. 2C) and days 14–16 of
pregnancy (Fig. 2D). Moreover, combined addition of PPARβ
agonist and the antagonist (GW9662) also decreased (P<0.05)
P4 release by the tissue during both stages of pregnancy. It

should be emphasized that some doses of GW9626 may also
affect the activity of PPARγ and PPARα. The PPARβ ligands did
not affect P4 secretion by the CLduring both stages of the estrous
cycle (Fig. 2A and 2B).

A natural PPARγ agonist, PGJ2, reduced (P<0.05) P4 release
by the CLcollected on days 14–16 (Fig. 3D). Rosiglitazone (1
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Fig. 1. The effect of PPARα
agonist WY-14643 (WY, 1 and
10 µM) and/or its antagonist
MK-886 (MK, 10 µM) on P4
release by the corpus luteum of
gilts on days 10–12 (n=5) and
14–16 (n=4) of the estrous cycle
(A and B) and days 10–12 (n=7)
and 14–16 (n=5) of pregnancy (C
and D). The tissue slices were
incubated in the presence of the
treatments or without (control)
for 6 hours. Different letters
indicate significant differences
(P<0.05) between the control and
the treatment within studied stage
of the estrous cycle or pregnancy.

Fig. 2. The effect of PPARβ
agonist L-165,041 (L, 1 and 10
µM) and/or its antagonist GW
9662 (GW, 10 µM) on P4 release
by the corpus luteum of gilts on
days 10–12 (n=5) and 14–16
(n=4) of the estrous cycle (Aand
B) and days 10–12 (n=7) and
14–16 (n=5) of pregnancy (C and
D). The tissue slices were
incubated in the presence of the
treatments or without (control)
for 6 hours. Different letters
indicate significant differences
(P<0.05) between the control and
the treatment within studied stage
of the estrous cycle or pregnancy.
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Fig. 4. The effect of PPARα
agonist WY-14643 (WY, 1 and
10 µM) and/or its antagonist
MK-886 (MK, 10 µM) on E2
release by the corpus luteum of
gilts on days 10–12 (n=5) and
14–16 (n=4) of the estrous cycle
(A and B) and days 10–12 (n=7)
and 14–16 (n=5) of pregnancy
(C and D). The tissue slices were
incubated in the presence of the
treatments or without (control)
for 6 hours. Different letters
indicate significant differences
(P<0.05) between the control and
the treatment within studied
stage of the estrous cycle or
pregnancy.

Fig. 3. The effect of PPARγ
agonists: 15d-prostaglandin J2

(PGJ2, 10 µM), rosiglitazone
(RO, 1 and 10 µM) and/or PPARγ
antagonist T0070907 (T, 1 µM)
on P4 release by the corpus
luteum of gilts on days 10–12
(n=5) and 14–16 (n=4) of the
estrous cycle (Aand B) and days
10–12 (n=7) and 14–16 (n=5) of
pregnancy (C and D). The tissue
slices were incubated in the
presence of the treatments or
without (control) for 6 hours.
Dif ferent letters indicate
significant differences (P<0.05)
between the control and the
treatment within studied stage of
the estrous cycle or pregnancy.
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Fig. 5. The effect of PPARβ
agonist L-165,041 (L, 1 and 10
µM) and/or its antagonist GW
9662 (GW, 10 µM) on E2 release
by the corpus luteum of gilts on
days 10–12 (n=5) and 14–16
(n=4) of the estrous cycle (Aand
B) and days 10–12 (n=7) and
14–16 (n=5) of pregnancy (C and
D). The tissue slices were
incubated in the presence of the
treatments or without (control)
for 6 hours. Different letters
indicate significant differences
(P<0.05) between the control and
the treatment within studied stage
of the estrous cycle or pregnancy.

Fig. 6. The effect of PPARγ
agonists: 15d-prostaglandin J2

(PGJ2, 10 µM), rosiglitazone (RO,
1 and 10 µM) and/or PPARγ
antagonist T0070907 (T, 1 µM) on
E2 release by the corpus luteum of
gilts on days 10–12 (n=5) and
14–16 (n=4) of the estrous cycle
(A and B) and days 10–12 (n=7)
and 14–16 (n=5) of pregnancy (C
and D). The tissue slices were
incubated in the presence of the
treatments or without (control) for
6 hours. There are no significant
differences between the control
and the treatment within studied
stage of the estrous cycle or
pregnancy.



µM; PPARγ agonist) inhibited (P<0.05) P4 secretion by the CL
on days 10–12 of pregnancy (Fig. 3C) but the ligand was
ineffective on days 14–16 of pregnancy as well as during both
stages of the estrous cycle (Fig. 3A and 3B).

The effect of PPAR ligands on E2 release

We observed an inhibitory effect of PPARα agonist, WY-
14643 (1 and/or 10 µM) on E2 release by the explants collected
from all stages of the estrous cycle and pregnancy (Fig. 4A-4D).
The treatment of the CLexplants with 1 and/or 10 µM of L-
165,045 (PPARβ agonist) decreased E2 secretion by the tissue on
days 10–12 and 14–16 of pregnancy (Fig. 5C and 5D), but the
agonist did not change the steroid concentration in media during
both stages of the estrous cycle (Fig. 5A and 5B). Surprisingly,
the treatment of the tissue slices with GW9662 alone and/or in
combination with L-165,045 reduced E2 secretion in all tested
stages of the estrous cycle and pregnancy (Fig. 5A-5D).The
steroid concentration did not alter after the treatment of the CL
slices with PPARγ ligands (agonists and/or antagonist) during
analysed stages of the estrous cycle and pregnancy (Fig. 6A-6D).

The effect of PPAR ligands on 3β-HSD mRNA abundance

The tested compounds did not change 3β-HSD mRNA
amounts in the tissue explants during both stages of the estrous
cycle or pregnancy (Table 2).

DISCUSSION

In the present study we found that PPARs are involved in the
regulation of P4 and E2 release by porcine corpus luteum explants
cultured in vitro. Generally, PPAR agonists reduced P4 secretion
by the tested tissue during analysed stages of pregnancy, whereas
they were ineffective during the estrous cycle. In turn, PPAR
ligands effect on E2 release was differential. While WY-14643
(PPARα agonist) diminished E2 secretion by the CLexplants
collected from the tested stages of the estrous cycle and
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Estrous cycle Pregnancy 

Days 10–12 Days 14–16 Days 10–12 Days 14–16 

PPARα ligands 
Control  

WY 1 µM 

WY 10 µM 

MK 10 µM 

MK+WY 

(10+10 µM) 

1.01 ± 0.19 

0.97 ± 0.11 

0.97 ± 0.09 

1.28 ± 0.12 

0.99 ± 0.12 

0.38±0.10 

0.64±0.18 

0.44±0.08 

0.72±0.34 

0.44±0.06 

1.21 ± 0.19 

1.34 ± 0.38 

1.25 ± 0.21 

0.91 ± 0.21 

1.26 ± 0.18 

0.56 ± 0.20 

0.57 ± 0.16 

0.74 ± 0.14 

0.81 ± 0.12 

0.57 ± 0.15 

 PPARβ ligands  
Control  

L 1 µM 

L 10 µM 

GW 10 µM 

GW+L 

 (10+10 µM) 

1.01 ± 0.19 

1.10 ± 0.12 

1.02 ± 0.19 

1.00 ± 0.15 

0.87 ± 0.06 

0.38±0.10 

0.46±0.07 

0.58±0.06 

0.43±0.06 

0.40±0.04 

1.21 ± 0.19 

1.33 ± 0.19 

0.93 ± 0.23 

0.97 ± 0.15 

0.65 ± 0.24 

0.56 ± 0.20 

0.67 ± 0.22 

0.61 ± 0.16 

0.63 ± 0.18 

0.82 ± 0.15 

PPARγ ligands 

Control 

PGJ2 µM 

RO 1 µM 

RO 10 µM 

T 1  µM 

T+RO  

(1+1 µM) 

1.01 ± 0.20 

0.77 ± 0.11 

0.97 ± 0.08 

1.14 ± 0.20 

1.08 ± 0.06 

0.96 ± 0.09 

0.38±0.10 

0.53±0.15 

0.48±0.12 

0.55±0.14 

0.51±0.06 

0.65±0.11 

1.21 ± 0.19 

1.12 ± 0.15 

0.72 ± 0.20 

1.39 ± 0.35 

0.79 ± 0.27 

1.05 ± 0.19 

0.56 ± 0.20 

0.77 ± 0.20 

0.72 ± 0.22 

0.87 ± 0.33 

0.54 ± 0.20 

0.77 ± 0.24 

Table 2. The effect of PPAR ligands on 3β-HSD mRNAabundance in porcine corpora lutea on days 10–12 and 14–16 of the estrous
cycle or pregnancy. The gene expression was determined by quantitative real time RT-PCR and the results are presented in arbitrary
units as the ratio of the target gene to the reference gene (GAPDH) expression.

 Experimental factor Concentration 

1 Control – 

2 WY-14643 (WY) 1 �M 

3 WY-14643 (WY) 10 �M 

4 MK 886 (MK) 10 �M 

5 MK + WY  10 �M + 10 �M 

6 15d-prostaglandin J2 (PGJ2) 10 �M 

7 L-165,041 (L) 1 �M 

8 L-165,041 (L) 10 �M 

9 GW 9626 (GW) 10 �M 

10 GW + L 10 �M + 10 �M 

11 rosiglitazone (RO) 1 �M 

12 rosiglitazone (RO) 10 �M 

13 T0070907 (T) 1 �M 

14 T + RO  1 �M + 1 �M 

PPARα ligands: agonist WY-14643 (WY) and antagonist MK 886
(MK); PPARβ/δ ligands: agonist L-165,041 (L) and antagonist
GW 9662 (GW); PPARγ ligands: agonists 15d-prostaglandin J2

(PGJ2), rosiglitazone (RO) and antagonist T0070907 (T).

Table 1. PPAR ligands used in in vitro study.



pregnancy, PGJ2 and rosiglitazone (PPARγ ligands) did not induce
any change in E2 level. In turn, L-165,041 (PPARβ agonist)
reduced E2 release by the tissue during both stages of pregnancy
but did not affect the secretion during the estrous cycle.

The role of PPARs in the regulation of reproductive
processes has been previously reported, although -γ isoform has
been studied most extensively compared with two other forms.
It has been demonstrated that PPARγ might be an important
regulator of steroidogenesis in the ovarian follicular cells of
different species (34). However, available reports are
inconsistent. For example, the exposure of mixed human
ovarian (stroma, theca and granulosa) cells to rosiglitazone or
pioglitazone (TZDs, PPARγ agonists) for 24 hours stimulated P4

accumulation in the culture media (35). In the same experiment,
pioglitazone inhibited E2 production, whereas rosiglitazone
(TZD, PPARγ agonist) had no effect (35). An enhanced P4
production was also noted after treatment of porcine theca (48
h) cells with TZDs (troglitazone or ciglitazone) or a natural
PPARγ agonist PGJ2 (20, 36). In turn, a lack of changes in P4

and E2 production was observed after exposure (72 h) of human
granulosa-lutein cells (GLCs) to rosiglitazone (37). There are
also studies showing the reduction in P4 release by porcine and
human granulosa cells in the presence of troglitazone (38, 39).
Recent data showed that the activation of PPARs plays an
important role in the regulation of steroidogenesis in polycystic
ovary syndrome (PCOS). Rosiglitazone reduced media
concentrations of E2 and P4 secreted by human granulosa cells
(37). Progesterone production was also diminished in human
choriocarcinoma JEG-3 cells as well as in MA-10 Leydig cells
after treatment with PPARα activators (40, 41). The above
contradictory results indicate that PPARγ mediates steroids
production, however, a different effect of the receptor ligands
on P4 and E2 synthesis might be dependent on the cell or ligand
types, time of incubation with the treatments or different
species. It should also be underlined, that phthalates, endocrine-
disrupting chemicals, present in the environment and in food,
cause profound and long-lasting changes of the reproductive
functions. In particular, they may involve an interaction with
PPARs and, in turn, affect steroid synthesis (42-46).

In the view of the above results from experiments performed
mainly on ovarian follicular cells, it is difficult to address the
present data. There are only two papers showing the effect of
PPARγ ligands on P4 secretion by the CLin different species.
Zerani et al. (47) observed a stimulatory effect of PGJ2 (PPARγ
agonist) on P4 release by incubated for 4 h corpora lutea
explants, collected from pseudopregnant rabbits at early and
mid-luteal stages. Lohrke et al. (20) showed that the bovine
luteal cells (24 h of culture, mid-phase of the estrous cycle) also
enhanced P4 secretion in the presence of PGJ2 and ciglitazone
(TZD, PPARγ agonist). On the contrary, in our study we noted
that PPAR agonists generally reduced P4 secretion by porcine CL
explants during both stages of pregnancy, but surprisingly the
ligands were ineffective during both stages of the estrous cycle.

The above observation suggests that porcine CLindicates a
different receptivity to PPAR ligands depending on the
reproductive status of animals. Furthermore, the regulation of P4

synthesis/secretion within the CL, dependent on PPARs, is
differentially regulated during the luteal phase of the estrous
cycle and early pregnancy. Since PPAR ligands did not affect P4

secretion during the estrous cycle but they reduced P4 release
during pregnancy, we may suggest that PPARs would make the
CL more sensitive for the ligands during early pregnancy.
Moreover, differential action of L-165,045 (10 µM) or
rosiglitazone (1 µM) on P4 secretion by porcine CLexplants,
observed at days 10–12 and 14–16 of pregnancy, would be also
caused by diverse receptivity of the tissue to the ligands during
the tested stages of pregnancy.

The secretory function of the CL(a main source of
progesterone) is significant for the maintenance of pregnancy in
the pig. Though, we do not know why such alterations in PPARs
activity that change CLsensitivity occur during early pregnancy.
It seems we need to be more cautious using PPAR ligands as a
therapeutic agent because it may diminish P4 secretion during
pregnancy. Our previous data screening showed that endometrial
expressions of PPARα and PPARβ in pregnant sows were
diminished during maternal recognition of pregnancy when
compared with the remaining tested stages of pregnancy.
Moreover PPARγ1 gene expression in the same tissue was low
until day 16 of the pregnancy and rapidly increased after that.
This may suggest that low expression of PPARs at analyzed
stages of pregnancy requires less PPARs ligands. In the present
experiment, abundance of PPAR agonists may disturb P4

secretion by the CLduring early pregnancy in the pig. It may
suggest that treatment with PPAR ligands during early
pregnancy may affect physiological state of pregnancy. Other
than in pseudopregnant rabbits (36), in our experiments PPAR
ligands decreased P4 secretion and those mechanism can be
explained by different immunological properties in early
pregnant pigs. Due to the epitheliochorial placentation the
changes in early pregnancy indicate a decrease in expression of
inflammatory cytokines. A changed balance between anti- and
pro-inflamatory cytokines may cause different reactivity of
PPARs on their ligands (48). It should be also emphasized that in
some cases PPAR antagonist - GW9626 affected P4 or E2

secretion in a manner similar to that of agonists. It is possible
that the blockade of PPAR action might affect other pathways
involved in the regulation of steroids production. It cannot be
also excluded that the antagonists indicate a different specificity
and/or affinity to the receptors present in porcine CL. A
clarification of the above phenomenon should be investigated in
a future research.

Progesterone production is a multi-step process which
requires activation of several enzymes including the step
limiting 3β-HSD. In the present study we noted a lack of PPAR
ligands effect on the gene expression in the CLs during all
analysed physiological statuses of sows. Reduced P4 release by
porcine CL explants during pregnancy followed by the lack
changes in 3β-HSD gene expression may indicate that PPARs
participate rather in the release of steroids than in de novo
synthesis by influence on gene expression. There are reports
indicating that changes in steroids (P4 and E2) production after
TZDs treatment were not followed by alterations in CYP11A1 or
3β-HSD mRNA abundance in porcine granulosa cells or the
corresponding proteins in ovine granulosa cells (18, 38). There
are studies showing that the PPAR ligands could modify 3β-
HSD activity in porcine granulosa cells (38). Studies
investigating the molecular mechanisms of PPARs action in the
corpus luteum of pregnant sows are needed.

In summary, our results suggest that PPARs are involved in
the regulation of progesterone and 17β-estradiol release by
porcine corpus luteum. Porcine CLindicates a different
receptivity to PPAR ligands depending on the reproductive
status of animals. The regulation of P4 secretion within the CL,
dependent on PPARs, is differentially regulated during the
luteal phase of the estrous cycle and early pregnancy. All PPAR
isoform agonists reduced P4 secretion by the tested tissue
during both stages of pregnancy whereas they were ineffective
during the estrous cycle. In turn, PPARs effect on E2 release
was differential. Further studies are needed to explore the
molecular mechanism of PPARs action in the porcine corpus
luteum.
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