Open Access
Scientific Reports

Open Access Scientific Reports

COTS et al., 2:3
http://dx.doi.org/10.4172/scientificreports.664

Open
OpenAccess
Access

Research Article

Determination of Cell Proliferation and Apoptosis in Placentas of
Chronically Stressed Rats
COTS DS1, Rolando A1, Mugnaini MT1, Soñez CA1, Bozzo A1, Borghi D1, Gauna Hf2* and Romanini MC1
1
2

Laboratory of Cell Biology and Embryology, Anatomy Department, Faculty of Agronomy and veterinary, Argentina
Department of Molecular Biology, Faculty of Sciences, National University of Rio Cuarto, Argentina

Abstract
Chronic stress during gestation can alter several mechanisms that maintain homeostasis in the placenta. The
aim of this study was to determine both effects of chronic stress on the apoptotic and cell proliferation processes
in placentas of rats, during the second half of pregnancy and the immunolocalization of apoptotic and proliferating
marked nuclei in the different placental zones. Stress by immobilization was applied to rats from the 4th day of
pregnancy until their sacrifice on days 12, 17 or 21. Placental sections were immunolabeled with anti-BrdU and
TUNEL. The apoptotic index did not present significant differences between control and stress groups. The gestational
day influenced significantly on the apoptotic index, which showed a significant decrease on day 17 of gestation and
significant increase on day 21. The proliferating index presented significant differences between gestational stages
studied, which showed a significant increase at day 17 and then a significant decrease at day 21. Moreover, the
stress treatment applied highly influenced on the proliferation index. In conclusion, chronic stress by immobilization
did not produce effects on apoptotic process. However it produces an increase in cellular proliferation index in the
three gestation days analyzed, which could generate a deleterious environment for the fetus development.
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Introduction
The placenta is an extraembryonic tissue located between the
maternal and fetal compartments [1]. This structure provides highly
specialized functions during gestation that are critical for the normal
embryo/fetus development [2]. This structure performs the functions
of most of fetal organs throughout gestation due to the immaturity of
the embryo [3].
Rodents possess two placental structures: the choriovitelline
placenta, which develops first (until the day 11 of pregnancy) and
the chorioallantoic placenta, which develops in the second half
of gestation, showing considerable developmental changes with
advancing gestation. Two prominent regions are formed within the
chorioallantoic placenta: 1) Junctional Zone (JZ) and 2) Labyrinth Zone
(LZ) [4]. Four differentiated trophoblast cell phenotypes comprising
the rat chorioallantoic placenta can be readily identified: 1) trophoblast
giant cells, 2) spongiotrophoblast cells, 3) glycogen cells and 4) sincitial
trophoblast cells [5-8].
Stressing situations simultaneously activate both the hypothalamicpituitary-adrenocortical axis and the sympathetic-medullary-adrenal
axis, but it has been postulated that both axis respond differently to
stressful stimuli [9-13]. The Corticotropin-Releasing Hormone (CRH),
secreted by the hypothalamus stimulates the AdrenocorticotropinReleasing Hormone (ACTH) secretion by the pituitary [14]. In turn,
ACTH stimulates the secretion of glucocorticoids by the adrenal cortex.
In the course of pregnancy, CRH is also produced by the placenta and
has the same biological activity as hypothalamic CRH [15-17]. The fetal
sympathetic-medullary-adrenal axis, releases finally adrenaline and
noradrenaline to restore homeostasis [18].
Maternal glucocorticoids in stress conditions can cause side effects
in relation to placental growth and development, as the alteration of
two important processes: apoptosis and cell proliferation. The balance
between cell differentiation, cell death and cell proliferation is essential
for most of the physiological processes that occur during pregnancy
and together maintain tissue homeostasis [19-24].

Apoptosis is a biological phenomenon, which consists in a regulatory
and active cellular response to specific stimuli [25-27]. Apoptosis
occurs in all placental cell types, and is recognized to be physiologically
important for normal placental growth and development [28-30].
Several well characterized morphological features of apoptosis
include: nuclear membrane breakdown, chromatin condensation and
fragmentation, cell membrane blebbing, and formation of apoptotic
bodies [31]. One method for evaluating apoptosis in the placental
tissue is the TUNEL (terminal deoxynucleotidyl transferase–mediated
deoxyuridine triphosphate nick end labeling) method. The TUNEL
staining technique was first described by Gavrieli et al. in 1992 [32]. It
detects apoptosis in the final steps of the cascade.
Another process involved in the placental development is cell
proliferation, which may be regulated by different proteins for the
correct functioning of the tissue. In previous studies, specific techniques
to assess cell proliferation were developed, such as incorporation of
5-bromo-2’-deoxyuridine (BrdU), which is readily incorporated into
nuclei during the DNA synthetic phase of the cell cycle (S-phase) and
acts as an analogue of thymine [33,34].
The aim of this study was to determine both effects of chronic stress
on the apoptotic and cell proliferation processes in placentas of rats
during the second half of pregnancy and the immunolocalization of
apoptotic and proliferating marked nuclei in the different placental
zones.
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Materials and Methods
Animal’s
Young female primipar Wistar-albino rats of 200 to 300 g were
used. Four pregnant rats per cage were housed and, allowed ad-libitum
access to food and water and maintained on a constant 12:12 light/dark
cycle at constant room temperature (22°C ± 2°C) and humidity (60%)
(Laboratory installations were adequate to disposition 6344/96 of the
Administración Nacional de Medicamentos, Alimentos y Tecnología
Médica, and Argentina. The Conclusions and Recommendation on
the Reduction, Refinement and Replacement of Laboratory Animals
Procedure of Declaration of Bologna were followed for animal
experimentation. All experiments were conducted according to the
principles and procedures of the NIH Guide for the Care and Use of
Laboratory Animals (NIH publication n°85-23, revised 1985. Females
were mated during the proestrous with a same strain male and the day
on which spermatozoa were present in a vaginal smear was designated
day 0 of pregnancy. Pregnant females were separated into two groups:
Control (C) and Stress (S).

Experimental treatment
From the 4th day of pregnancy, pregnant females in the S group were
placed for 45 min, in a plastic cylinder, 3 times a week, in the morning
and different times to prevent adaptation. This stress procedure was
chosen because it has an indirect influence on the placenta via a
direct stress on the mother. Chronic stress was evaluated by plasma
corticosterone levels. This process lasted until their sacrifice. Pregnant
rats of the C and S groups were sacrificed on days 12, 17 and 21 of
gestation. These days were chosen because on the 12th day of gestation
the definitive structure of placenta is completed, on the 17th it reaches
its maximum size, with the LZ continuing to expand thereafter and at a
faster rate than the JZ and on the day 21 of gestation we have a full-term
placenta. Seven (7) rats per gestation age for each group were obtained
randomly (n=21 per group). The number of rats was chosen according
to the data supplied by the Research Ethics Committee of the UNRC.
Placentas were removed and fixed in 10% buffered formaldehyde
48 hours and processed according to the conventional histological
technique. Treated rats were injected subcutaneously with 100 mg/kg
of BrdU a day before the sacrifice [35].

BrdU detection
The hydrated sections were incubated for 10 min in 3% H2O2
to block endogenous peroxidase. Sections with anti-BrdU primary
antibody (Sigma®) were incubated overnight at 4°C followed by 30
min room-temperature incubation in biotinylated secondary antibody
(Vector Laboratories) and Avidine-Biotine-immunoperoxidasa
complex (ABC, Vectastain kit, Vector Laboratories). Finally, the
sections were incubated with 3-3´-diaminobenzidine (DAB), in
the presence of H2O2 to reveal peroxidase expression sites and were
counterstained with hematoxylin. Placental tissue without the primary
antibody was used as negative control and small intestine sections as
positive control.

Terminal deoxynucleotidyl transferase dUTP nick end labelling (TUNEL)
The technique was performed following the protocol provided by
the Apoptag Plus in situ Apoptosis Peroxidase (Oncor, USA) kit.
The hydrated sections were incubated with K-proteinase during
8-10 minutes in humidified chamber. Endogenous peroxidase

blocking was done with 3% hydrogen peroxide. After being washed
with PBS, sections were incubated with equilibrium buffer at room
temperature. Terminal Deoxynucleotidyl Transferase (TdT) enzyme
and dUTP-digoxigenin were added and incubated at 37°C for 1 h in
a humidified chamber. The reaction was then stopped with a stop/
wash buffer supplied with the kit, and the slides were incubated with an
anti-digoxigenin-peroxidase solution for 30 min at room temperature,
revealed with DAB, and counterstained with hematoxylin. Placental
tissue without the TdT enzyme was used as negative control and postlactation mammary gland as positive control.

Quantitative analysis
From each placenta histological section, 7 to 10 images were scanned
randomly to build a raw image data base for C and S rats, completely
covering the placental tissue. A Zeiss Axiophot microscope with a built
in 3.2 Mpx Sony digital camera was used. For each image, positively
marked cells either with anti-PCNA (in proliferation process) or with
TUNEL technique (in apoptotic process) were quantified using Image
J. The number of unmarked cells (contrasted with hematoxylin) was
also quantified for each image. Data obtained were transferred to a data
base in Excel software for further statistical analysis. The incidence of
apoptosis and cell proliferation were determined in each placental tissue
at different gestational stages (12, 17 and 21 days) using the Apoptotic
Index (AI) and the Proliferative Index (PI), respectively. Both index
were determined as the ratio between the number of positive apoptotic
or proliferative nuclei (marked), and total cells number, multiplied by
100.

Statistical analysis
Differences among C and S groups and among gestational stages
were assessed by two-way ANOVA followed by a DGC post hoc test. In
each case, statical significance was assumed at a P-value <0.05.

Results
TUNEL assay
Different zones of the placenta with apoptotic and normal nuclei
are shown in Figure 1.
In histological sections of placenta from C and S rats on the 12th
day of pregnancy, apoptotic cells were observed in both JZ and LZ. In C
rats on the 17th day, apoptotic cells were mainly observed in JZ and in
greater amount than in group S on the same day of gestation. In both C
and S groups on the 21st day of pregnancy, apoptotic cells were mainly
observed in LZ.
ANOVA test revealed no significant interaction between gestational
stages and groups (p=0.85). However, significant differences among
gestational stages (p<0.0001) and no significant differences between
groups (p=0.9282) were observed.
A post hoc test was performed to determine existing differences
among gestation days. Results revealed significant differences between
days 12 and 17 (p=0.00017) and between 17 and 21 (p=0.001). No
significant differences were observed between days 12 and 21 (p=0.254).
These results were observed in the C and S groups.
On the 17th day, apoptosis decreased in both C and S groups, in
relation with the 12th day of pregnancy, while this process increased on
the 21st day of pregnancy in both groups. On the 17th day, AI showed a
decrease in S group in relation with C group, while on the 12th and 21st
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Figure 1: Histological sections of the placental zones from control (A, C, E) and stressed rats (B, D, F) at days 12 (A, B), 17 (C, D) and 21 (E, F) of
pregnancy stained by using the TUNEL technique. Arrows indicate positive TUNEL nuclei. Apoptotic nuclei were stained in the spongioblast cells (SC) at
the labyrinth zone on days 12 and 21 of pregnancy, control and stress and they were stained in the junctional zone at day 17, in glycogenic cells (GC) in
control rats and in the trophoblast giant cells (TGC) in stressed rats.

days, AI increase in the S group compared to C group. Data are shown
in Figure 2.

BrdU detection
Apoptotic Index

Different zones of the placenta with proliferating and normal
nuclei are shown in Figure 3.
Proliferating nuclei were present in both JZ and LZ. Most
proliferative nuclei were observed in the S group, at all gestational
stages.
BrdU marked nuclei were more abundant on the 17th day of
pregnancy and less frequent on days 12 and 21 of pregnancy. This
feature occurred in both groups.
ANOVA test revealed no significant interaction between
gestational stages and groups (p=0.9). However, significant differences
between groups (p<0.0001) and among gestational stages (p=0.002)
were observed.
A post hoc test was performed to determine existing differences
among gestation days. Results revealed significant differences between
days 12 and 17 (p=0.0044) and between 17 and 21 (p=0.01). No
significant differences were observed between days 12 and 21 (p=0.91).
These results were observed in C and S groups.
Cell proliferation is higher in S group than in C group at all
gestational stages. Data are shown in Figure 4.

Discussion
Apoptosis has been present in normal placenta throughout
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Figure 2: Total apoptotic index in the placenta on days 12, 17 and
21 of pregnancy. Control rats (C) vs. Stress rats (S). A significant
decrease in the apoptotic index was detected between day 12 and
17 and day 17 and 21 for both groups C and S. (*p<0, 05; ** p<0,
0001).

pregnancy. Its concurrent appearance with cell proliferation reflects
the growth and remodeling of the placenta. The two processes together
maintain tissue homeostasis [21]. In line with other studies [26,29,30]
our study has shown that both processes were observed in normal
placental tissue development (C group).
Apoptosis and cell proliferation were observed in both
placental zones. In LZ, these processes were observed mainly in
spongiotrophoblast cells, whereas in JZ, they were observed in
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Figure 3: Histological sections of the placental zones from control (A, C, E) and stressed rats (B, D, F) at days 12 (A, B), 17 (C, D) and 21 (E, F) of
pregnancy stained by using the BrdU proliferative assay. Arrows indicate positive BrdU nuclei. Proliferating nuclei were staining in the junctional zone in
trophoblast giant cells (TGC) and in the spongioblast cells in all stages of pregnancy, control and stress groups.

100
90
80
70
60
50
40
30
20
10
0

##

##

##

*

*
*
*

12

17

Day of gestation
Stress
Control

21

Figure 4: Total proliferation index in the placenta on days 12, 17
and 21 of pregnancy. Control rats (C) vs Stress rats (S). A significant
increase in the proliferation index was detected between day 12
and 17 and day 17 and 21 for both groups C and S. (*p<0, 05).
Significant differences between C and S groups in all gestational
stages were observed (##p<0, 0001).

trophoblast giant cells. Our results are similar to those reported by
Waddell et al. [30], who first proposed that apoptosis was clearly
evident in both placental zones, and it was particularly prevalent in the
JZ near term. These authors also demonstrated that apoptosis in JZ was
stimulated by increased glucocorticoid exposure.
According with [27], apoptosis increases at the end of pregnancy.
Agreeing with these authors, we have demonstrated a significant
decrease in apoptosis on the 17th day of pregnancy, followed by an
increase toward the end of gestation, in both C and S groups, whereas
by contrast, cell proliferation showed an increase on the 17th day and a
decrease on the 21st day of pregnancy.

Significant differences in AI and in PI were observed among
gestational stages analyzed. These results were due to the fact that
the placental tissue undergoes changes as pregnancy progresses. As a
consequence, apoptosis increased over midterm and term in normal
pregnancies. Our Immunohistochemical results showed that positive
TUNEL nuclei gradually decreased from day 12 to 17 and gradually
increased over day 21. For S group, the immunostaning pattern was
very similar to that of C group. However, the number of apoptotic
nuclei in placentas of S group was higher than in C group on days 12
and 21, while it was higher in C group on day 17. The opposite situation
occurs in terms of cell proliferation. In accordance with Unek et al.
[1] in placentas with Intrauterine Growth Restriction, we observed that
BrdU expression was very strong during the early days of pregnancy
but gradually decreased over midterm and term in normal rats. Our
Immunohistochemical results showed that the number of BrdU
immunolabeled cells gradually increased from day 12 to 17, being the
highest on day 17 and gradually decreasing on day 21, for placental
removal during delivery. For S group, the immunostaning pattern
was very similar to that of C group. However, the number of BrdU
immunolabeled cells in placentas of the S group was higher than in C
group placentas on all days, which are in agreement with the results of
Acar et al. [19].
On the other hand, statistical analysis about studied groups revealed
significant differences between groups in which cell proliferation was
studied, but no significant differences were observed between groups
in which apoptosis was studied. However, during exposure to a
stressor when the hypothalamus-pituitary-adrenal and the sympathoadrenal axis are activated, individuals may respond differently to an
identical stressful stimulus [15]. Normally, placental tissue works as a
buffer organ to the effects produced by the stress applied and it has
the ability to adapt to different environmental conditions. Therefore,
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no significant differences in apoptosis between groups were observed.
However, the cell proliferation process was affected by stressful
stimulus, probably due to the effects of increased glucocorticoids
during abnormal pregnancies [14].
Since the action of glucocorticoids on homeostasis is widespread,
affecting most of the tissues, as well as the placenta, one can speculate
that the chronic stress applied to mothers can generate a deleterious
environment for the fetus development.
The molecular mechanisms, by which glucocorticoids alter cell
proliferation in stressed rat placentas, are not yet known [36-38].
In conclusion, chronic stress by immobilization did not produce
effects on apoptotic process. However it produces an increase in
cellular proliferation index in the three gestation days analyzed, which
could generate a deleterious environment for the fetus development.
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