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It has been reported that apoptosis plays an essential role in controlling the
physiological cell kinetics in the human and rodent endometrium but this type of
death has never been studied in the porcine endometrium. The aim of this study
was to investigate the apoptotic cell death in the porcine endometrium during the
middle (Days 9-11) and late (Day 13) luteal phase, during the luteolysis (Day 15)
and early follicular phase (Days 17-19) of the oestrous cycle. Apoptotic cells
were identified by in situ DNA 3’-end labelling method. It was revealed that the
greatest number of apoptotic cells in the luminal and glandular epithelium was
found on Days 17-19 and on Day 15 of the oestrous cycle, respectively. In the
stroma, the greatest number of these cells was found on Days 9—11. Our data have
shown that in the porcine endometrium, both epithelial and stromal cells undergo
apoptosis and that the number of apoptotic cells varies depending on the phase of
the oestrous cycle.
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It has been reported that apoptosis plays an essential role in controlling the
physiological cell kinetics in the female reproductive organs and tissues, such as
the endometrium (Hopwood and Levison, 1976; Rotello et al., 1989; Gompel et al.,
1994), ovarian follicles (Tilly et al., 1991) and regressing decidua (Gu et al., 1994).

Cells undergoing apoptosis display characteristic morphological and bi o-
chemical features. These features include chromatin aggregation, nuclear and ¢ y-
toplasmic condensation and partition of cytoplasm and nucleus into me mbrane-
bound vesicles (apoptotic bodies). The biochemical hallmark of apoptosis is a de g-
radation of the genomic DNA. Cleavage of the DNA fragments (mono- and olig o-
nucleosomes) as well as single strand breaks can be detected by enzymatic labe 1-
ling of the free 3’-OH termini with modified nucleotides (biotin- dUTP). Suitable
labelling enzymes include DNA polymerase (nick translation) and terminal deox y-
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nucleotidyl transferase (end labelling). The end-labelling method has also been
termed TUNEL (TdT-mediated X-dUTP nick end labelling).

It has been found that atrophy of the uterus involves cell loss as well as
diminution in the cell size in these organs ( Kerr and Searle, 1973; Sandow et al.,
1979; Nawaz et al., 1987; Rotello et al., 1989). This suggests that steroids s e-
creted from the ovary play an important role in the maintenance of cells in their
target organs. In fact, several investigations have shown that oestrogens and pr o-
gesterone prevent the cell loss of the uterine epithelium (Martin et al., 1976;
Sandow et al., 1979; Nawaz et al., 1987; Terada et al., 1989). Thus, the preve n-
tion of the cell loss is one of the important actions of the ovarian steroids. Cell
death after the depletion of steroids in their target organs occurs as apoptosis, a
scattered cell death (Kerr and Searle, 1973; Sandow et al., 1979; Wyllie et al.,
1980; Terada et al., 1985). Accordingly, the percentage of the apoptotic cells to
the total cells has been used for the quantitative evaluation of the cell death d e-
gree (Martin et al., 1976; Nawaz et al., 1987; Rotello et al., 1989).

Apoptotic cell death has been widely recognized in human and rodent e n-
dometrium; however, to our knowledge, this process has never been studied in
the porcine endometrium in different phases of the oestrous cycle. In the present
study, we examined changes in DNA fragmentation and in the number of apo p-
totic cells in the porcine endometrium during the middle and late luteal phase,
luteolysis and early follicular phase of the oestrous cycle. The apoptotic cells
were identified by in situ DNA 3’-end labelling method.

Materials and methods

Animals

The study was performed in accordance with principles for the care and
use of research animals. Crossbred gilts of the same weight (about 110 kg) and
after two recorded cycles, being in the middle (Days 9—11, n =4) and late
(Day 13, n=3) luteal phase, luteolysis period (Day 15, n =3) and follicular
phase (Days 17-19, n = 3) of the oestrous cycle were used for the study. The
gilts were pretreated with atropine (0.05 mg/kg of body mass, Biowet, Poland)
and propionylpromazine (0.5 ml/kg of body mass, Combelen, Biowet, Poland).
General anaesthesia was induced with pentobarbitone sodium (12 mg/kg, i.v.,
Vetbutal, Biowet, Poland) and maintained with the supplementary administration
of the anaesthetic, according to symptoms observed. The reproductive tract was
exposed via a mid-ventral laparotomy under aseptic conditions. Small pieces of
the endometrium were frozen in liquid nitrogen and stored in —70 °C.
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Blood sample collection and determination of hormone concentration

A silastic catheter (i. d. 1.2 mm, o. d. 1.4 mm) was inserted into the jug u-
lar vein according to the method described by Kotwica et al. (1978). Blood sam-
ples (approximately 4 ml) from the jugular vein were collected for 2 days before
surgery (laparotomy) four times a day (at 9 and 11 a. m. and 1 and 3 p. m.) and
twice hourly during laparotomy.

Blood samples from the jugular vein were assayed for progesterone and
oestradiol-17f by radioimmunoassay (RIA) to determine the hormonal status and
to verify the day of the oestrous cycle. All antibodies were obtained from the
Animal Physiology Institute, University of Warmia and Mazury, Olsztyn. The
specificity of antibodies for progesterone has been reported by Stefanczyk-
Krzymowska et al. (1994). Progesterone was determined using the procedure d e-
scribed in detail previously ( Stefanczyk-Krzymowska et al., 1998). The sensiti v-
ity of the progesterone assay defined as 93% of total binding was 0.4 ng per tube.
The intra- and interassay coefficients of variations for these assays were 3.5%
and 3.1%, respectively. Antibodies for oestradiol-17  have been described by
Dusza et al. (1996). Oestradiol-17 was determined by the method of Hotchkiss
et al. (1971). The sensitivity of the oestradiol-17  assay was 95% of total binding
and amounted to 2 pg per tube. The intra- and interassay coefficients of vari a-
tions were 4% and 5.8%, respectively.

In situ labelling of nuclear DNA fragmentation

Eight um thick frozen sections were mounted on slides coated with 2%
aminopropyltriethoxysilane (Sigma) and fixed in 4% paraformaldehyde in 0.1 M
phosphate buffer (pH 7.4) for 25 min. Apoptotic activity was assessed by the ter-
minal deoxynucleotidyl transferase-mediated deoxyuridine triphosphate nick end
labelling (TUNEL) method. The nuclei in the tissues studied were stripped of pr o-
teins by incubation of the sections with proteinase K (25 pg/ml, Sigma) for 15 min.
Endogenous peroxidase was inactivated by covering the sections with 3% H,O, for
10 min. The sections were rinsed with TdT buffer (30 mM Trisma base, 140 mM
sodium cacodylate pH 7.2, 1 mM cobalt chloride) and then incubated in TdT
buffer containing terminal deoxyribonucleotidyl transferase (0.05 U/ul TdT buffer;
Boehringer Mannheim) and biotin-16-dUTP (0.01 nmol/pl TdT buffer; Boehringer
Mannheim) in humid atmosphere at 37 °C for 60 min. The reaction was terminated
by washing the slides in 300 mM NaCl, 30 mM sodium citrate for 15 min and
blocked with 2% bovine serum albumin (10 min). The sections were then inc u-
bated with avidin-biotin-peroxidase complex (ABC kit, Vectastain, Vector) for
60 min, followed by diaminobenzidine/H,0,. Positive controls included treatment
of the sections with DNAse.

In the luminal and glandular epithelium and stroma, apoptotic cells were
counted in 160 fields (magnification: x 40).
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Statistical analysis

The data are expressed as the mean (= SE) of the number of apoptotic cells
per one viewfield. The results obtained on Days 13, 15 and 17-19 of the oestrous
cycle were compared with those found on Days 9-11. The data were analysed
with one-way analysis of variance and differences were evaluated by Bonferroni
adjusted ¢ value (GraphPad Prism, USA).

Results

Concentrations of progesterone and oestradiol-17 8 in the jugular vein pre-
sented typical hormonal profiles for particular days of the oestrous cycle. Levels
of progesterone were 38.5 £ 1.3 ng/ml on Days 9 to 11, 25.4 + 1.3 ng/ml on Day
13, 9.3 +2.1 ng/ml on Day 15, and 1.2 + 0.4 ng/ml on Days 17 to 19. Levels of
oestradiol-17p were 17.5 = 1.2 pg/ml on Days 9 to 11, 8.4 + 0.9 pg/ml on Day
13,4.6 = 0.5 pg/ml on Day 15, 19.3 = 1.1 pg/ml on Days 17 to 19.

Apoptotic uterine luminal and glandular epithelial and stromal cells were
found throughout all periods of the oestrous cycle studied. The number of apo p-
totic cells in the luminal epithelium did not change considerably from the middle
(Days 9-11) to the late (Day 13) luteal phase, but then it increased significantly
during luteolysis (Day 15, P <0.001) and early follicular phase (Days 17-19,
P <0.001, Fig. 1A and Fig. 2C). The number of apoptotic cells in the glandular
epithelium did not differ between Days 9-11 and Day 13, however on Day 15 it
increased significantly (P < 0.001, Fig. 1B and 2B). In contrast, in the stroma the
greatest number of apoptotic cells was found in the middle luteal phase (on Days
9-11, Fig. 1C and Fig. 2A). On Days 13, 15 and 17-19, the number of apoptotic
cells was significantly lower than on Days 9—11 (P < 0.001). The apoptotic cells
contained irregular nuclei with condensed chromatic clumped along the nuclear
membrane (arrows, Fig. 2).

Discussion

The endometrium undergoes major histological and biochemical changes
during the oestrous cycle. The uterine tissue dynamics is associated with periods
characterized by declining steroid hormone concentrations, fluctuating hormone
ratios, apoptosis and tissue loss. A consequence of the reduction in steroid ho 1-
mone levels, in general, is epithelial apoptosis and tissue reorganisation ( Fesus et
al., 1991; Tenniswood et al., 1992). The porcine endometrium undergoes regular
cycles of remodelling under hormonal control. This tissue, composed primarily
of stromal and epithelial cells, requires oestrogens and progesterone for correct
functioning during particular stages of the oestrous cycle ( Duenbostel and Pau-
fler, 1983; Stroband et al., 1986; Leiser et al., 1988). The present study, for the
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first time in gilts, demonstrated that apoptotic cell death occurs in uterine luminal

and glandular epithelial cells and stroma cells during the middle and late luteal

and early follicular phases of the oestrous cycle, indicating that apoptosis is a

physiological phenomenon in the porcine uterus. Apoptosis is a specific form of
cell death that differs from necrosis by the morphological changes in the nucleus,

by the formation of apoptotic bodies, and, in epithelial tissues, by heterophagy or

macrophagy (Kerr et al., 1972). Cohen et al. (1992) have asserted that the fra g-
mentation of DNA is not strictly specific of apoptosis and may accompany other

modes of cell death. However, Ben- Sasson et al. (1995) have claimed that, at the
tissue level, apoptosis can be differentiated by several criteria, even when tissue

is stained by using the in situ DNA 3’-end labelling method: apoptosis is an or-
dered process, whereas necrosis represents chaos. Therefore, in any given tissue,

the pattern of in situ DNA 3’-end labelling is distinct.
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Fig. 1. Mean (+ SE) number of apoptotic cells in the luminal epithelium (A), glandular epithelium
(B) and stroma (C). B=P <0.001

Acta Veterinaria Hungarica 49, 2001



76 WASOWSKA et al.

B
5 ; :
|
ity |
. *1"
e o™
B - "y
. . 3
4 S
| B LE
A\

Fig. 2. Light micrographs of porcine endometrium. /n situ DNA 3’-end labelling reaction in the
uterus. S = stroma, LE = luminal epithelium, GL = glandular epithelium, L = lumen.
Uterine stromal — A (Days 9-11, x 125), glandular epithelial — B (Day 15, x 250) and
luminal epithelial — C (Days 17-19, x 125) cells showing apoptosis (arrows)

Uterine epithelial cell proliferation, differentiation, and death are known to
be regulated by oestrogens and progesterone. Actions of various steroids for the
cell death in the uterine epithelium may differ among animal species. The present

Acta Veterinaria Hungarica 49, 2001



APOPTOSIS IN THE PORCINE ENDOMETRIUM 77

study demonstrated a significant increase in the number of apoptotic cells in the
porcine luminal epithelium during luteolysis when the level of progesterone co n-
siderably decreases and oestradiol-17 § reaches the lowest level. Similar numbers
of apoptotic cells were found in the luminal epithelium during the early follicular
phase, albeit the level of oestradiol-17 § was already high. On the other hand, in
the glandular epithelium the number of apoptotic cells was prominent during 1 u-
teolysis, but in the follicular phase it decreased. Sato et al. (1997) have demo n-
strated that apoptotic cell death occurs in rat uterine luminal and glandular
epithelial and stromal cells during the oestrous cycle. Apoptotic cells appeared in
the uterine luminal epithelium at oestrus and increased in number during m e-
toestrus (Sato et al., 1997), which correlates with the reduction of oestrogen level
at oestrus and metoestrus (Short, 1972; Spornitz et al., 1994). However, with r e-
gard to uterine glandular cells, the apoptotic index was highest at oestrus but
lowest at metoestrus, and there were almost no the apoptotic cells at dioestrus
and prooestrus. In contrast, only a small number of apoptotic cells was found
among stromal cells throughout the oestrous cycle (Sato et al., 1997). In the
hamster uterus, apoptosis occurs in the luminal epithelium during oestrus. A c-
cording to Sandow et al. (1979), apoptosis is caused by oestrogen withdrawal
and can be prevented by oestrogen treatment. In ovariectomised adult mice, pr o-
gesterone alone or in combination with oestrogens reduced cell death in the
uterine epithelium (Terada et al., 1989). Rotello et al. (1989) have demonstrated
that progesterone suppresses apoptosis, but a progesterone antagonist induces
apoptosis in the rabbit uterine epithelium. Nawaz et al. (1987) reported that oe s-
trogens did not maintain the uterine epithelial cells in pseudopregnant rabbits
after castration, although progesterone did. However, these authors did not e x-
amine the effect of oestrogens or progesterone on the uterine epithelium in ca s-
trated rabbits primed with oestrogens. In the human uterus, apoptosis occurs
during the secretory phase of the menstrual cycle, and the late secretory, preme n-
strual, and menstrual endometrium shows numerous apoptotic bodies (Hopwood
and Levison, 1976). Harada et al. (1996) have failed to detect evidence for
apoptosis in the human endometrial epithelium, although others reported apo p-
totic epithelial cells in the secretory phase with the highest level during me n-
struation (Tabibzadeh et al., 1994; Yasuda et al., 1995). It is interesting that in
our study, apoptotic cells in the stroma were found in all investigated phases of
the oestrous cycle, and the greatest number of these cells was found on Days 9—
11. Several studies revealed elevated bcl-2 (B cell lymphoma/leukaemia-2 gene)
expression with predecidualisation in the late secretory phase, which was attri b-
uted to an increase in endometrial stroma bcl-2+ CD56+ eGLs (Koh et al., 1995).
Jones et al. (1998), however, suggested that eGLs at the end of the cycle and
first-trimester decidua do not undergo apoptosis.

In conclusion, the present study has revealed that porcine endometrial
epithelial and glandular cells and stromal cells undergo apoptotic cell death. The
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number of apoptotic cells was different in particular phases of the oestrous cycle.
These data suggest that apoptotic cell death in the epithelium may participate in
the remodelling of uterine tissues, especially during luteolysis when the luteal
phase turns into the follicular phase.
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