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a b s t r a c t

The study was aimed to validate the precision-cut luteal slices to investigate porcine luteal

function. Corpora lutea (CLs) were cut into 180-mm thick slices using Krumdick Tissue Slicer.

The viability, tissue structure and steroidogenic acute regulatory protein (STAR) expression

in the luteal slices did not differ between the beginning and the end of the 24-h incubation

period. The luteal progesterone secretion showed a time- and dose-dependent response to

porcine luteinizing hormone. The effects of prostaglandin F2a and 17b-estradiol on proges-

terone secretion by porcine luteal slices were comparable to the previously reported in vivo

results of the CL microdialysis system in the pig.
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1. Introduction

In most domestic animal species, the corpus luteum (CL)
acquires the capacity to undergo luteolysis (luteolytic sensi-
tivity) between days 6 and 9 of the estrous cycle. Porcine CL
acquires luteolytic sensitivity relatively late in the cycle [1,2],
i.e., near day 13. Several hypotheses on the delayed acquisition
of luteolytic sensitivity in the pig have been stated, including
auto-amplification of luteal production of prostaglandin
(PG) F2a and differences in the activation of the PGF2a signaling
pathway. However, the mechanism responsible for this delay
in the pig is not fully recognized.

Studies on the acquisition of luteolytic sensitivity usually
include both in vivo and in vitro experiments [3] or use an intricate
CL microdialysis in vivo system [4]. The current study aimed at
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examining whether precision-cut tissue slices of porcine CL can
be used to investigate luteal function as an alternative to in vivo
experiments in pigs and other species. To meet this aim two
distinct experiments were performed. In the first experiment: (1)
the optimal in vitro conditions for incubation of luteal slices, and
(2) time- and dose- dependent effects of luteinizing hormone
(LH) on progesterone (P4) secretion were established. In the
second experiment, the effects of 17b-estradiol (E2) and PGF2aon
P4 secretion by luteal slices were determined under the
conditions established in the first experiment.

2. Materials and methods

The experiments were conducted in accordance with the
national guidelines for agricultural animal care and approved
of Animal Reproduction and Food Research of Polish Academy of
ll rights reserved.
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Fig. 1 – Preparation and incubation of porcine luteal slices. Luteal cores (lc) were prepared using a tissue coring (tc) tool (8 mm
diameter) (A and B) and transferred to the cylindrical arm holder (ah) (C) of the Krumdick Tissue Slicer (D). High-quality slices
(s) (i.e., round with a smooth edge and uniform color) were generated using a rapidly reciprocating disposable blade and were
removed from the glass trap (gt) by opening the tap (t) (E). The slices were collected in a Petri dish filled with medium and
gently transferred (one per well) to 6-well culture plates filled with oxygenated medium (F). The slices were incubated under
a highly oxygenated atmosphere (95% O2 and 5% CO2) with shaking. For more details please see Section 2.
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by the Local Animal Ethics Committee. Crossbred gilts (7–8
months old) during their second estrous cycle were used in the
study. Corpora lutea collected during the mid-luteal phase
(days 10–12) or late-luteal phase (days 14–15) were cut into
slices (180-mm thick, 8 mm diameter, 4–5 mg wet weight) using
a Krumdick Tissue Slicer (K&F Research, Birmingham, AL, USA)
(Fig. 1A–F; [5]). This procedure allows collection of 24 luteal
slices within 2–3 min. To validate the model, the precision-cut
luteal slices (PCLS) collected during the mid-luteal phase (n = 4)
were used to examine: (1) P4 concentration in different
medium volumes (2, 4 and 6 mL, medium-199; Sigma-Aldrich,
St. Louis, MO, USA) after treatment with LH, a positive control
(1, 10 or 100 ng/mL; pLH B-1, USDA Hormone Program,
Bethesda, MD, USA); and (2) the time- and dose-dependent
response of P4 secretion to LH (10 or 100 ng/mL) determined in
the optimal medium volume. Since in preliminary experi-
ments the lowest LH dose (1 ng/mL) was ineffective, this dose
was not included in the subsequent experiments. The slices
(one per well) were incubated in M-199 supplemented with
0.1% bovine serum albumin (BSA; ICN Biomedicals, Inc., Costa
Mesa, CA, USA), antibiotics and anti-fungal drug (amphotericin
B; Sigma–Aldrich). The post-incubation medium was collected
to determine P4 concentration, using enzyme-immunoassay
(EIA) described previously [6]. Since the greatest dose-depen-
dent effect of LH on P4 secretion was found in 6 mL of medium,
the viability of luteal slices, measured as lactate dehydroge-
nase (LDH) activity, was determined in this volume, before and
after 24 h of incubation. The integrity of luteal slices (before
and after the 24-h incubation period, in medium only) was
assessed with hematoxylin and eosin (H&E) staining. RNA
isolation from luteal tissue, reverse-transcription and expres-
sion of steroidogenic acute regulatory protein (STAR) mRNA
using real-time PCR were performed as previously described
[7].

In the second experiment, the effects of E2 (1 and 10 ng/mL)
and PGF2a (10

�7 M) on P4 secretion by slices obtained from CLs
harvested during the mid- (n = 4) and late-luteal phase (n = 4)
were determined in 6 mL of medium and after 24 h of
incubations, i.e., in conditions established in the experiment
1. In these conditions, the viability of luteal slices was
confirmed and the slices maintained an appropriate tissue
structure. The medium was collected every 6 h during the 24-h
incubation period to determine P4 concentration (EIA). The
changes in medium P4 concentration, differences in STAR
mRNA expression and LDH activity in luteal tissue were
analyzed with Student's t-test (GraphPad Prism v.5.0; Graph-
Pad Software, San Diego, CA, USA). p < 0.05 was considered
statistically significant, and the numerical data were
expressed as mean � SEM.

3. Results and discussion

Although porcine CL is considered to be independent on the
pituitary LH until day 12 of the estrous cycle [8], 10 and 100 ng/
mL of LH increased ( p < 0.01) P4 secretion by mid-luteal slices
incubated for 24 h in 6 mL of medium (Fig. 2A). It should be
emphasized that we have applied approximately 20 times less
luteal tissue [9] and have included LH in doses 10–1000 times
lower in comparison to previous reports [8,9]. When the 4-mL



Figure 2 – Progesterone (P4) accumulation (A; mean W SEM) in three different volumes of medium (2, 4 and 6 mL) collected
after LH (1, 10 and 100 ng/mL) treatment (24-h incubation) of luteal slices obtained during the mid-luteal phase (days 10–12) of
the porcine estrous cycle (n = 5 independent experiments). The images present the structural integrity of luteal tissue before
(B; 0 h) and after the incubation (C; 24 h); arrows indicate luteal cells. (D) STAR mRNA expression in luteal slices before and
after the 24-h incubation. Data were analyzed with Student's t-test. Asterisks denote significant differences between the
treatment and corresponding control (*p < 0.05, **p < 0.01, ***p < 0.001); C, control; LH1, 1 ng/mL; LH10, 10 ng/mL; LH100,
100 ng/mL of LH; bar = 50 mm.

Fig. 3 – Time- and dose-dependent effects of LH (10 and
100 ng/mL) on progesterone (P4) medium (6 mL) accumulation
(mean W SEM) after the 24-h incubation period of the luteal
slices collected during the mid-luteal phase (days 10–12) of the
porcine estrous cycle (n = 4 independent experiments). Data
were analyzed with Student's t-test. Asterisks denote
significant differences between the treatment and
corresponding control (*p < 0.05, **p < 0.01, ***p < 0.001); C,
control; LH10, 10 ng/mL; LH100, 100 ng/mL of LH.
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volume of incubation medium was examined, only 10 ng/mL
of LH significantly ( p < 0.05) increased P4 concentration. The
most consistent dose-dependent LH influence was observed in
the 6-mL volume of incubation medium (Fig. 2A). Interestingly,
the most obvious time-dependent response was recorded in
this volume after 18-h incubation period (Fig. 3). Because of it
and since P4 concentration did not differ between the 18- and
24-h incubation periods, only data for 18-h period were
presented (Fig. 4). Furthermore, considering 2–3 fold lower
P4 concentration in control 4- and 6-mL incubation media, we
assume that abundant concentration of P4 in 2-mL volume of
incubation medium might inhibit its own production (Fig. 2A).

The LDH activity determined in the mid-luteal slices did not
differ between 0 and 24 h of incubation (1.67 � 0.04 vs. 1.77
� 0.11 mU/mL/mg). Additionally, the H&E staining showed
that the tissue structure was not altered after the 24-h
incubation period (Fig. 2B and C). Similarly, STAR expression
did not differ between the beginning and the end of the
incubation (Fig. 2D). These data confirmed that the applied
in vitro conditions ensured an adequate oxygen and nutrient
supply and did not affect the viability of porcine luteal tissue
during the examined incubation periods ( p < 0.05).



Fig. 4 – Progesterone (P4) accumulation (mean W SEM) in medium (6 mL) collected after PGF2a (10S7 M) or E2 (1 and 10 ng/mL)
treatment of luteal slices (6-, 12- or 18-h incubation) obtained during the mid-luteal (A) or late-luteal (B) phase of the porcine
estrous cycle (n = 4 independent experiments). Data were analyzed with Student's t-test. Asterisks denote significant
differences between the treatment and corresponding control (*p < 0.05, **p < 0.01, ***p < 0.001); C, control, E1, 1 ng/mL; E10,
10 ng/mL of E2; PGF, PGF2a 10S7 M.
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Despite the fact that luteolytic sensitivity is a complex and
still not fully recognized phenomenon, the further research in
this field has been limited due to a lack of an appropriate
experimental model. Thus, we applied the PCLS model to
examine the effects of PGF2a and E2 on medium P4
concentration. PGF2a (10�7 M) enhanced ( p < 0.001) P4 secre-
tion by slices obtained from CLs collected during the mid-
luteal phase (Fig. 4A; 12- and 18-h incubation) and diminished
( p < 0.05) P4 secretion by luteal slices collected during the late-
luteal phase (Fig. 4B; 18-h incubation). The observed effects
were consistent with the results of the in vivo experiments
employing the microdialysis system [4]. In the latter study,
PGF2a increased P4 secretion on days 11 and 12, but decreased
on day 14 (during luteolysis) of the porcine estrous cycle.
Estradiol, an acknowledged luteotropin in pigs [10], increased
P4 production by porcine luteal slices collected during the mid-
luteal phase (Fig. 4A), but not during the late-luteal phase
(Fig. 4B).
In summary, the in vitro PCLS model to examine the
physiological functions of the CL in the pig was validated in the
current study. The model may be also applied in other
domestic animals or primates, as well as may provide a
new alternative to laborious and expensive in vivo experiments
and limit the number of animals used in the research.

Acknowledgements

We are grateful to Mrs. Katarzyna Gromadzka-Hliwa, Mrs.
Benigna Szarejko and Mr. Jan Klos for their technical assistance
in the laboratory. This research was supported by grant no. 2011/
01/B/NZ4/04970 from the National Science Centre (NCN). The
results of this study were presented at the 9th International
Conference on Pig Reproduction (ICPR), 9–12 June 2013 in
Olsztyn, Poland. E. Przygrodzka was supported by the European
Union within the European Social Fund (DR INNO No. 5/2013).



r e p r o d u c t i v e b i o l o g y 1 4 ( 2 0 1 4 ) 2 4 3 – 2 4 7 247
r e f e r e n c e s

[1] Gadsby JE, Lovdal JA, Britt JH, Fitz TA. Prostaglandin F2alpha
receptor concentrations in corpora lutea of cycling,
pregnant, and pseudopregnant pigs. Biol Reprod 1993;49
(3):604–8.

[2] Guthrie HD, Rexroad Jr CE. Progesterone secretion and
prostaglandin F release in vitro by endometrial and luteal
tissue of cyclic pigs. J Reprod Fertil 1980;60(1):157–63.

[3] Diaz FJ, Luo W, Wiltbank MC. Effect of decreasing intraluteal
progesterone on sensitivity of the early porcine corpus
luteum to the luteolytic actions of prostaglandin F2alpha.
Biol Reprod 2011;84(1):26–33.

[4] Wuttke W, Spiess S, Knoke I, Pitzel L, Leonhardt S, Jarry H.
Synergistic effects of prostaglandin F2alpha and tumor
necrosis factor to induce luteolysis in the pig. Biol Reprod
1998;58(5):1310–5.

[5] Krumdieck CL, dos Santos JE, Ho KJ. A new instrument for
the rapid preparation of tissue slices. Anal Biochem
1980;104(1):118–23.
[6] Szafrańska B, Ziecik A, Okrasa S. Primary antisera against
selected steroids or proteins and secondary antisera against
gamma-globulins – an available tool for studies of
reproductive processes. Reprod Biol 2002;2(2):187–204.

[7] Bolzan E, Andronowska A, Bodek G, Morawska-Pucińska E,
Krawczyński K, Dabrowski A, et al. The novel effect of hCG
administration on luteal function maintenance during the
estrous cycle/pregnancy and early embryo development in
the pig. Pol J Vet Sci 2013;16(2):323–32.

[8] Peltoniemi OAT, Love RJ, Klupiec C, Revell DK, Evans G.
Altered secretion of LH does not explain seasonal effects on
early pregnancy in gilts. Anim Reprod Sci 1997;49(2-3):
215–24.

[9] Zmijewska A, Franczak A, Kotwica G. Role of interleukin-1b
in the regulation of porcine corpora lutea during the late
luteal phase of the cycle and during pregnancy. Acta Vet
Hun 2012;60(3):395–407.

[10] Watson J, Maule Walker FM. Progesterone secretion by the
corpus luteum of the early pregnant pig during superfusion
in vitro with PGF-2 alpha, LH and oestradiol. J Reprod Fertil
1978;52(2):209–12.

http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0005
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0005
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0005
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0005
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0010
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0010
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0010
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0010
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0015
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0015
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0015
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0015
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0020
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0020
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0020
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0020
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0025
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0025
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0025
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0030
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0030
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0030
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0030
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0035
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0035
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0035
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0035
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0035
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0040
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0040
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0040
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0040
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0045
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0045
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0045
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0045
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0050
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0050
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0050
http://refhub.elsevier.com/S1642-431X(14)00042-4/sbref0050

	Precision-cut luteal slices: A promising approach for studying luteal function in pigs
	Introduction
	Materials and methods
	Results and discussion
	Acknowldgment
	References


