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Abstract

Background: Luteal activity is dependent on the interaction of various growth factors, cytokines and hormones,
including the thyroid hormones, being that hypo- and hyperthyroidism alter the gestational period and are also a
cause of miscarriage and stillbirth. Because of that, we evaluated the proliferation, apoptosis and expression of
angiogenic factors and COX-2 in the corpus luteum of hypo- and hyperthyroid pregnant rats.

Methods: Seventy-two adult female rats were equally distributed into three groups: hypothyroid, hyperthyroid and
control. Hypo- and hyperthyroidism were induced by the daily administration of propylthiouracil and L-thyroxine,
respectively. The administration began five days before becoming pregnant and the animals were sacrificed at days
10, 14, and 19 of gestation. We performed an immunohistochemical analysis to evaluate the expression of CDC-47,
VEGF, Flk-1 (VEGF receptor) and COX-2. Apoptosis was evaluated by the TUNEL assay. We assessed the gene expression
of VEGF, Flk-1, caspase 3, COX-2 and PGF2α receptor using real time RT-PCR. The data were analyzed by SNK test.

Results: Hypothyroidism reduced COX-2 expression on day 10 and 19 (P < 0.05), endothelial/pericyte and luteal cell
proliferation on day 10 and 14 (p < 0.05), apoptotic cell numbers on day 19 (p < 0.05) and the expression of Flk-1 and
VEGF on day 14 and 19, respectively (p < 0.05). Hyperthyroidism increased the expression of COX-2 on day 19 (P < 0.05)
and the proliferative activity of endothelial/pericytes cells on day 14 (p <0.05), as well as the expression of VEGF and
Flk-1 on day 19 (P < 0.05).

Conclusions: Hypothyroidism reduces the proliferation, apoptosis and expression of angiogenic factors and COX-2in
the corpus luteum of pregnant rats, contrary to what is observed in hyperthyroid animals, being this effect dependent
of the gestational period.
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Background
The corpus luteum is a transient, highly regulated endo-
crine gland which develops from the luteinization of the
follicular cells of the granulosa and theca after ovulation.
The synthesis of progesterone is the main function of
the corpus luteum, which is essential for the establish-
ment and maintenance of pregnancy [1,2]. Thus, luteal
dysfunction in women and pregnant animals is associ-
ated with the failure of the embryo implantation and
abortion [3].
Luteal activity is dependent on the interaction of various

growth factors, cytokines and hormones, including the
thyroid hormones [4]. The corpus luteum has cellular and
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molecular mechanisms that are well-coordinated so that
its development, maintenance and regression occur cor-
rectly [5]. For mechanistic coordination to be achieved,
the balance among such varying cellular processes as
proliferation, differentiation, cell migration, angiogen-
esis and apoptosis is critical [6,7]. An example of this
coordination occurs during luteinization, during which
the cells of the corpus luteum cease their proliferative
activity to perform steroidogenesis and to survive in the
new luteal environment [8].
If these cellular and molecular mechanisms do not

occur in a coordinated manner, early luteal regression
may interrupt gestation, with a subsequent miscarriage
or premature delivery [9,10]. Hypo- and hyperthyroidism
in rats alter the gestational period, causing prolonged
gestation and preterm births, respectively [4]. Hypo- and
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hyperthyroidism in humans are also a cause of miscar-
riage and stillbirth [11,12]. One hypothesis of this study
is that one of the mechanisms by which thyroid dysfunc-
tions affects pregnancy is by altering the proliferative
and apoptotic activities of the corpus luteum. The study
of the balance between these processes is important and
the cell division control protein 47 (CDC47) and cas-
pase 3 have been used as a good marker for cell proli-
feration and apoptosis, respectively [13,14]. CDC47 is
essential for initiation of DNA replication [15], while
caspase-3 is required for DNA fragmentation and some
of the typical morphological changes of cells undergoing
apoptosis [16].
However, angiogenesis is also of fundamental import-

ance for luteal activity during gestation. Pregnant women
with luteal hypofunction and low luteal progesterone
production have an inadequate blood supply to the
corpus luteum [3]. Such a deficiency in luteal angio-
genesis has been reported to substantially contribute to
subfertility [17], particularly regarding the associated low
expression of vascular endothelial growth factor (VEGF)
and/or its receptor Flk-1 [18,19]. VEGF is the main factor
that regulates angiogenesis by stimulating endothelial
cell proliferation and vascular permeability [19]. VEGF
also has anti-apoptotic effects [20] and regulates pro-
gesterone production by corpus luteum [19]. To date, it
is unclear whether the changes in pregnancy induced by
hypo- or hyperthyroidism could be due to changes in
the expression of VEGF and/or its receptor Flk-1 in the
corpus luteum.
The corpus luteum is also under the influence of

cyclooxygenase-2 (COX-2), which acts on angiogenesis,
steroidogenesis, formation, maintenance and luteal regres-
sion through the production of prostaglandin E2 (PGE2)
and/or prostaglandin F2α (PGF2α) [21-24]. The PGF2α
has luteolytic and vasoactive activities in the corpus
luteum [19]. We believe that the changes in the dur-
ation of the luteal phases of pregnant animals with
hypo- or hyperthyroidism [25-29] can also be a result of
changes in COX-2 expression and, consequently, in the
expression of prostaglandins.
The objective of this study was to evaluate the prolifera-

tion, apoptosis and expression of angiogenic factors and
COX-2 in the corpus luteum of pregnant rats with hypo-
and hyperthyroidism in different gestational periods.

Methods
Induction of thyroid dysfunctions and mating
Seventy-two adult female Wistar rats were housed in a
12-hr light/dark cycle and were fed commercial rat chow
and water ad libitum. All procedures were approved by
the Institutional Ethics Committee in Animal Experi-
mentation at the Universidade Federal de Minas Gerais
(protocol no. 239/2009).
After a 7-day adaptation period, the rats were divided
into control, hypothyroid and hyperthyroid groups with
24 animals per group.
Hypothyroidism was induced by the administration of

1 mg/animal/day of propylthiouracil (PTU) (PTU; Sigma-
Aldrich, St. Louis, MO, USA) diluted in 5 mL of distilled
water, as described by Silva et al. [30], using an orogastric
probe. Hyperthyroidism was induced by the administration
of 50 μg/animal/day of L-thyroxine (T4) (T2376; Sigma-
Aldrich, St. Louis, MO, USA) diluted in 5 mL of distilled
water, in accordance with the method of Serakides et al.
[31], using an orogastric probe. The rats from the control
group received 5 mL of distilled water per day as a placebo.
Five days after treatment initiation, the females were

subjected to vaginal cytology to monitor the estrous cycle.
Six rats from each group were also euthanized with an
overdose of anesthetic for blood collection, measurement
of free thyroxine (T4) and confirmation of the induction
of thyroid dysfunction. The rats in proestrus were kept in
plastic cages with adult male rats for 12 h during the
night. After this period, copulation (day 0 of gestation)
was confirmed by the presence of spermatozoa in vaginal
cytology on the morning afterAnimals in the hypothyroid,
hyperthyroid and control groups continued to receive
PTU, T4 and water, respectively, throughout the experi-
mental period.

Hormone analysis
On days 0, 10, 14 and 19 days of gestation, six animals from
each group were euthanized by an overdose of anesthetic
(2.5% Tionembutal; Abbott, São Paulo, Brazil). At 0 and
19 days of gestation, blood was collected from the rats, and
the serum was stored at −20°C for the measurement of free
T4, which was performed by the chemiluminescence Elisa
technique (sensitivity: 0.4 ng/dl), using commercial kits in
accordance with the manufacturer’s instructions (IMMU-
LITE Free T4, Siemens Medical Solutions Diagnostics,
Malvern, PA, USA). This assay has been previously used
and validated for rat [14,32,33]. The intra- and inter-assay
coefficients of variation were 4% and 7%, respectively.

Necropsy and material collection
At necropsy, the ovaries were collected and dissected. The
right ovaries were fixed in 10% neutral and buffered for-
malin for 24 hours and were processed using a routine
paraffin inclusion technique. The corpora lutea of the left
ovary were dissected, snap frozen in liquid nitrogen and
stored at −80°C to evaluate the gene expression of VEGF,
Flk-1, caspase 3, COX-2 and PGF2α receptor using real
time RT-PCR. To perform immunohistochemistry and
TUNEL assays, histological sections (4 μm) of the right
ovary were obtained and placed on silanized slides. All
analyses were performed on corpora lutea at 10, 14 and
19 days of gestation.
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Immunohistochemistry
The biotin-streptavidin peroxidase (Streptavidin Perox-
idase, Lab Vision Corp., Fremont, CA, USA) technique
was used for immunohistochemistry in according to
Silva et al. [33]. Antigenic recovery with retrieval solu-
tion was performed for 20 minutes. Histological sections
were incubated overnight with the primary antibodies
anti-VEGF (sc-152, Santa Cruz Biotechnology, CA, USA)
(1:100), anti-Flk1 (sc-6251, Santa Cruz Biotechnology, CA,
USA) (1:600), anti-COX2 (M3617, Dako, St Louis, MO,
USA) (1:50) and anti-CDC47 (47DC141, Neomarkers,
Fremont, CA, USA) (1:100). The sections were incu-
bated stepwise for 30 minutes with each of the following
solutions: blocking endogenous peroxidase, blocking
serum (Ultra Vision Block, Lab Vision Corp., Fremont,
CA, USA) and streptavidin peroxidase. Incubation with
the secondary antibody (goat biotin, Lab Vision Corp.,
Fremont, CA, USA) was performed for 45 minutes. The
chromogen diaminobenzidine (DAB substrate system,
Lab Vision Corp., Fremont, CA, USA) was used for
visualization. Sections were counterstained with Harris
hematoxylin. A negative control was included by re-
placing the primary antibodies with IgG.
The number of cells expressing CDC-47 was deter-

mined out of a population of 500 cells, and the luteal
cells were differentiated from the endothelial cells and
pericytes according to their morphological characteris-
tics. Luteal cells were identified by primarily spherical
shape, a nucleus containing a prominent nucleolus and
the presence of a prominent basement membrane.
Vascular cells were identified by association with the
vascular compartment, elongated cell and a large nucleus
to cytoplasm ratio [34,35]. The corpora lutea were photo-
graphed with an Olympus BX-40 microscope and the Spot
Color Insight digital camera (SPOTTM, Sterling Heights,
Michigan, USA). The number of stained cells was deter-
mined using Image Pro Plus® version 4.5 software (Media
Cybernetics Manufacturing, Rockville, MD, USA). To
ensure the objectivity of the procedure, two images of the
stained cells were obtained from each corpora lutea, and
counts were taken in three corpora lutea per animal. Data
from each corpora lutea were expressed as the percentage
of stained cells (%).
The immunostaining intensity and stained area of

COX-2, VEGF and Flk-1 in corpora lutea were evalu-
ated. To determine the immunostaining intensity and
stained area, images from two fields per CL were photo-
graphed with an Olympus BX-40 microscope and the
Spot Color Insight digital camera (SPOTTM, Sterling
Heights, Michigan, USA), and the immunostaining in-
tensity and stained area were determined using WCIF
ImageJ® software (Media Cybernetics Manufacturing,
Rockville, MD, USA). Color deconvolution and thresh-
olding of the images were performed. To ensure the
objectivity of the procedure, the evaluation was performed
in three corpora lutea per animal. Data from each corpus
luteum were expressed as the integrated density and
stained area in pixels.

TUNEL assay
Apoptotic cells in the corpora lutea were evaluated
by the TUNEL assay using an apoptosis detection kit
(TdT-FragEL™ DNA Fragmentation Detection Kit,
Calbiochem. San Diego, CA, USA). Antigenic recovery
was performed with proteinase K for 20 minutes. The
slides were incubated at 37°C with TdT for 1 h and for
30 minutes with each of the following solutions:
blocking endogenous peroxidase and streptavidin. The
chromogen DAB was utilized and incubated for
15 min. Sections were counterstained with methyl
green. A negative control was obtained by replacing
TdT with TBS. As a positive control, we employed
ovaries with atretic follicles.
The number of apoptotic cells in the corpora lutea

was evaluated with an Olympus BX-40 microscope in a
40× objective. Four fields per CL were evaluated, and
counts were taken performed in all of the corpora lutea
present in the histological sections. Data from each
corpora lutea were expressed as the mean number of
apoptotic cells/corpus luteum. The data were logarith-
mically transformed.

Real time RT-PCR
Total mRNA from corpora lutea was extracted using
Trizol reagent (Invitrogen, Carlsbad, CA, USA) and
the phenol-chloroform extraction method, according
to the manufacturer’s instructions. A total of 1 μg of
RNA was used for cDNA synthesis using the Super-
Script III Platinum Two-Step qPCR kit with SYBR
Green (Invitrogen, Carlsbad, CA, USA). The qRT-PCR
reactions were conducted in a Smart Cycler II thermocy-
cler (Cepheid Inc., Sunnyvale, CA, USA). To quantify the
cDNA generated by reverse transcription, real-time PCR
with SYBR Green I was performed using SYBR Green
PCR Master Mix in an Applied Biosystems 7500 Real-
Time PCR System (Applied Biosystems, Life Techno-
logies, CA, USA). For negative controls, we used a
complete DNA amplification mix in which the target
cDNA template was replaced with water. Amplifica-
tions were performed using the default cycling condi-
tions: enzyme activation at 95°C for 10 min, 40 cycles
of denaturation at 95°C for 15 s, and annealing/exten-
sion at 60°C for 60 s. To assess the linearity and effi-
ciency of PCR amplification, standard curves for all
transcripts were generated using serial dilutions of
cDNA. A melting curve was obtained for the amplifica-
tion products to ascertain their melting temperatures.
The samples were assayed in triplicate and after a gel



Figure 1 Free T4 levels (means ± SD) in the plasma of pregnant
rats of the control, hypothyroid and hyperthyroid groups at 0
and 19 days of gestation. (*P < 0.05).
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was run with the reaction product to confirm the gene
amplification. The PCR products were separated by
electrophoresis on 1% agarose gels and stained with
ethidium bromide. Gene expression was calculated
using the 2-ΔΔCt method, where the values from the
samples were averaged and calibrated in relation to the
β-actin CT values. The primers were as follows: forward
5′- GCCCAGACGGGGTGGAGAGT -3′ and reverse
5′- AGGGTTGGCCAGGCTGGGAA -3′ for VEGF (refer-
ence sequence: NM_001110336.1; [36]; forward 5′- GT
CCGCCGACACTGCTGCAA -3′ and reverse 5′- CTCG
CGCTGGCACAGATGCT -3′ for Flk-1 (reference se-
quence: NM_013062.1; [36]; forward 5′- TGGAGGA
GGCTGACCGGCAA -3′ and reverse 5′- CTCTGTAC
CTCGGCAGGCCTGAAT -3′ for Caspase-3 (reference
sequence: NM_012922.2; [37]; forward 5′- CAAC
ACCTGAGCGGTTACCA -3′ and reverse 5′- AGAG
GCAATGCGGTTCTGAT -3′ for COX-2 (reference
sequence: NM_017232.3; [38]; forward 5′- ACGGCG
TTTATCTCCACAAC -3′ and reverse 5′- CCGATG-
CACCTCTCAATG -3′ for PGF2α receptor (reference
sequence: NM_013115.1; [39] and forward 5′- TC
CACCCGCGAGTACAACCTTCTT -3′ and reverse 5′-
CGACGAGCGCAGCGATATCGT -3′ for β-actin (ref-
erence sequence: NM_031144.3; [40].

Statistical analysis
Significant differences in the mean values between the
experimental groups were determined by a one-way ana-
lysis of variance (ANOVA). A Student Newman Keuls
Test was used to compare the groups, and differences
were considered significant if p < 0.05.

Results
Induction of thyroid dysfunction
The induction of hypo-and hyperthyroidism during the
entire period of the pregnancy was confirmed by serum
free T4 at days 0 and 19 of gestation. The rats treated
with PTU displayed free T4 levels lower than those of
the control group (P < 0.05) (Figure 1). The thyroxine-
treated rats exhibited higher free T4 levels compared to
control animals (P < 0.05) (Figure 1).

Proliferative activity
Regardless of the experimental group, the CDC-47 im-
munohistochemical expression in the corpus luteum was
more intense at 14 days of gestation compared to other
gestational periods (Figure 2).
At 10 days of gestation, the CL of the hypothyroid an-

imals showed a reduction in the total percentage of
cells expressing CDC-47 compared to control rats in
both the luteal cells and in endothelial cells and peri-
cytes (P < 0.05) (Figure 2). The reduction of CDC-47
expression in the endothelial cells and pericytes in the
CL of the hypothyroid animals persisted at 14 days of
gestation; however, at 19 days there was no difference
compared to the control group (p > 0.05) (Figure 2).
The hyperthyroid group was different from hypothyroid

rats at 14 days of gestation, showing an increase of CDC-
47 expression in endothelial cells and pericytes compared
to the control group (P < 0.05) (Figure 2). At 19 days of
gestation, the group with hyperthyroidism showed no dif-
ference in their CDC-47 expression in the CL compared
to the control group (p > 0.05) (Figure 2).

Apoptotic activity (TUNEL and Caspase-3)
The number of apoptotic cells in the CL of hypothyroid
animals was lower compared to control group at 19 days
of gestation (P < 0.05), while the hyperthyroid animals
showed no differences compared to control rats (p > 0.05)
(Figure 3A). The gene expression of caspase-3 did not dif-
fer significantly between the experimental groups in the
three gestational periods (Figure 3B).

Immunohistochemical expression of COX-2
Regardless of the experimental group, the COX-2 immuno-
histochemical expression in the luteal cells was cytoplasmic,
with a more intense expression at 10 days of gestation
compared to other gestational periods (Figure 4A).
At 10 and 19 days of gestation, the hypothyroid animals

showed a reduction of the area of COX-2 expression in
the CL compared to the control group as well a reduction
in the intensity of COX-2 expression at 10 days of ges-
tation (P < 0.05). However, there was no difference at
14 days of gestation compared to the control group
(P > 0.05) (Figure 4B and 4C). In contrast, hyperthy-
roidism at 19 days of gestation showed an increase of
the area and intensity of COX-2 immunohistochemical
expression in the CL compared to the control group
(P < 0.05), while at 10 and 14 days of gestation no signifi-
cant differences were noted (p > 0.05) (Figure 4B and 4C).

Relative expression of gene transcripts to COX-2 and
PGF2α receptor
Similar to the results of immunohistochemical analysis,
the gene expression of COX-2 in hypothyroid animals



Figure 2 (See legend on next page.)
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Figure 2 Proliferative activity in the corpus luteum of pregnant rats of the control, hypothyroid and hyperthyroid groups at 10, 14
and 19 days of gestation. A) Immunohistochemical images of CDC-47 expression. Marked reduction of the number of cells with CDC-47 expression
in the corpus luteum of the hypothyroid group compared to the control group at 10 and 14 days of gestation (Streptavidin-biotin-peroxidase, Harris
hematoxylin, scale bar = 12 μm). B-D) Percentage of cells with CDC-47 (means ± SD) expression in histological sections of the corpus luteum. (*P < 0.05;
**P < 0.01; ***P < 0.001).
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was lower compared to the control group at 19 days of
gestation (P < 0.05), while at 10 and 14 days of gesta-
tion no significant differences were noted (p > 0.05)
(Figure 5A). The hyperthyroid group showed no sig-
nificant difference compared to controls over the three
gestational periods (p > 0.05) (Figure 5A). The gene
expression of PGF2α receptor was not significantly
different from that of the experimental groups in any
of the gestational periods (p > 0.05) (Figure 5B).

VEGF and Flk-1 expression
Regardless of the experimental group and pregnancy
period, VEGF expression in CL was evident mainly in
the luteal cells, as its expression was cytoplasmic in all
luteal cells (Figure 6A).
Hypothyroidism reduced the area and intensity of VEGF

immunohistochemical expression at 19 days of gestation
compared to controls (P < 0.05) (Figure 6B and 6C),
but no significant difference in the gene expression of
VEGF in any period of pregnancy was found (p > 0.05)
(Figure 7A). The hyperthyroid animals, differing from
the hypothyroid group, showed no significant difference in
the area and intensity of VEGF expression compared to
control animals (p > 0.05) (Figure 6B and 6C). However,
Figure 3 Number of apoptotic cells/field and caspase 3 expression in
and hyperthyroid groups at 10, 14 and 19 days of gestation. A) Numb
transcripts for caspase 3 (mean ± SD). (*P < 0.05;**P < 0.01; ***P < 0.001).
at 19 days of gestation, the hyperthyroid group showed
an increase in the gene expression of VEGF compared
to the control group (P < 0.05) (Figure 7A).
The expression of the VEGF receptor Flk-1 occurred

both in the luteal cells and in the endothelial cells and
pericytes in the three experimental groups, with strong
expressions of this receptor noted in luteal cells at
10 days of gestation and in endothelial cells and peri-
cytes at 14 days of gestation (Figure 8A).
At 14 days of gestation, hypothyroidism reduced the

area and intensity of Flk-1 expression compared to
control animals (P < 0.05), with no significant differ-
ence in any of the other periods of pregnancy (p > 0.05)
(Figure 8B and 8C). The hyperthyroid animals, differ-
ing from the hypothyroid group, showed an increase in
the area and intensity of Flk-1 expression compared
to the control group at 19 days of gestation (p > 0.05)
(Figure 8B and 8C). Similar to the results of the immu-
nohistochemical expression, the hyperthyroid animals
also demonstrated an increase in the gene expression
of Flk-1 compared to control animals at 19 days of gesta-
tion (P < 0.05); however, they showed no significant differ-
ence in any of the other periods of pregnancy (p > 0.05)
(Figure 7B).
the corpus luteum of pregnant rats of the control, hypothyroid
er of apoptotic cells/field (mean ± SD). B) Relative expression of gene



Figure 4 COX-2 expression in the corpus luteum of pregnant rats of the control, hypothyroid and hyperthyroid groups at 10, 14 and
19 days of gestation. A) Immunohistochemical images of COX-2 expression (Streptavidin-biotin-peroxidase, Harris hematoxylin, scale bar = 12 μm).
B and C) Reduction of the area and intensity of COX-2 expression in the corpus luteum of hypothyroid group compared to the control group
at 10 and 19 days of gestation. The hyperthyroid group had an increase of the area and intensity of COX-2 expression in the corpus luteum
compared to the control group at 19 days of gestation.
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Figure 5 COX-2 and PGF2α receptor expression in the corpus luteum of pregnant rats of the control, hypothyroid and hyperthyroid
groups at 10, 14 and 19 days of gestation. A) Relative expression of gene transcripts for COX-2 (mean ± SD). B) Relative expression of gene
transcripts for PGF2α receptor (mean ± SD). (*P < 0.05).
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Discussion
The effects of hypo-and hyperthyroidism on prolifera-
tion, apoptosis and expression of angiogenic factors
and COX-2 in the corpus luteum among the pregnant
rats in this study were distinct.
Hypothyroidism significantly reduced the proliferation

rate in the corpus luteum, both of luteal cells and of
endothelial cells and pericytes. This result demonstrates
that thyroid hypofunction affects not only the mitotic
activity of the luteal cells of pregnant rats but also of the
vascular cells. On the other hand, the corpus luteum of
hyperthyroid animals showed an increased proliferative
activity of the endothelial cells and pericytes at 14 days
of gestation, suggesting the role of thyroid hormones on
luteal angiogenesis. This is in agreement with Macchiarelli
et al. [41] who observed that thyroid hormones stimulate
the luteal angiogenesis. Our result is important be-
cause deficiency in luteal angiogenesis has been re-
ported to substantially contribute to subfertility [17],
and hypothyroidism in women cause miscarriage and
stillbirth [11,12].
During luteinization, the cells of the corpus luteum

must stop their proliferative activity to participate in
steroidogenesis [8]. The phenotype of a differentiated
luteal cell depends on the specific combination of genes
encoding key regulatory proteins, such as receptors,
transcription factors and signaling proteins. This repro-
gramming of follicular cells into luteal cells is irrevers-
ible and requires the cell to exit from the cell cycle [8].
For the luteal cells to exit from the cell cycle they must
express p27kip1 that is a Cdk inhibitor. Cdk controls the
G1 phase of the cell cycle together with cyclins [8]. It is
likely that this reduction in the proliferative activity of the
luteal cells found in the corpus luteum of hypothyroid
animals is related to the higher plasma levels of proges-
terone presented by these animals [27], as a luteal cell’s
capacity for progesterone synthesis is directly related to
its degree of differentiation [8].
The reduction in the proliferation of endothelial cells

and pericytes observed in hypothyroid pregnant rats
may be a result of the decrease in COX-2 or Flk-1 ex-
pression. COX-2 is involved in PGE2 synthesis [21],
which in turn stimulates angiogenesis [23]. On the
other hand, signaling between VEGF and its receptor,
Flk-1, is the main route [42] through which VEGF stimu-
lates the proliferation of endothelial cells [19]. Kashida
et al. [43] demonstrated that VEGF induces angiogenesis
in the corpus luteum and is involved in the increase in
size of the corpus luteum during mid-pregnancy, being
that the VEGF expression is regulated by TNFα [44].
TNFα is also involved in the corpus luteum regression
and inhibits progesterone production in vitro by the
luteal cells [45,46]. However, further studies are needed
regarding the relation between TNFα and thyroid dys-
function on the corpus luteum. The hypothyroid pregnant
rats in this study also showed a significant reduction in
their expression of placental lactogen-1 (PL-1) (unpublished
data), which could represent an additional mechanism
to explain the reduction of the proliferative activity of
the endothelial cells of the corpus luteum because the
PL-1 is also important in maintaining luteal angiogen-
esis in rats [47].



Figure 6 VEGF expression in the corpus luteum of pregnant rats of the control, hypothyroid and hyperthyroid groups at 10, 14 and
19 days of gestation. A) Immunohistochemical images of VEGF expression (Streptavidin-biotin-peroxidase, Harris hematoxylin, scale bar = 12 μm).
B and C) Reduction of the area and intensity of VEGF expression in the corpus luteum of the hypothyroid group compared to the control
group at 19 days of gestation.
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Figure 7 VEGF and Flk-1 expression in the corpus luteum of pregnant rats of the control, hypothyroid and hyperthyroid groups at 10,
14 and 19 days of gestation. A) Relative expression of gene transcripts for VEGF (mean ± SD). B) Relative expression of gene transcripts for Flk-1
(mean ± SD). (*P < 0.05).
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Regarding apoptosis, hypothyroidism reduced the num-
ber of apoptotic cells in the corpus luteum at 19 days of
gestation. This is most likely associated with the delay in
COX-2 expression presented by these animals compared
to the control group. The lower COX-2 expression found
in the corpus luteum of hypothyroid animals can cause
a decrease in the formation of PGF2α [21]. This result
may explain the prolonged luteal phase in hypothyroid
pregnant rats and, consequently, the delay in the fall of
circulating progesterone and delivery experienced with
these animals [28,48]. PGF2α is crucial for the increase
in the luteal expression of the 20α-hydroxysteroid de-
hydrogenase (20αHSD) at the end of pregnancy, and
that gives the signal for parturition in rodent [49].
20αHSD converts luteal progesterone into its inactive
metabolite (20α-dihydroprogestagen) [21]. Hapon et al.
[48] observed that the delay in progesterone decline
and parturition in rats with hypothyroidism is caused
by a decrease in luteolytic factors, mainly luteal PGF2α,
addition to an increase of luteotrophic factors, such as
PGE2 and prolactin.
Higher plasma levels of progesterone in hypothyroid rats

[27] may also favor the reduction of the number of apop-
totic cells observed in corpora lutea of these animals, since
progesterone suppresses the activity of caspase-3 [50,51],
apoptosis and degeneration [52] in the corpus luteum.
However, hypothyroid animals there were no difference
in the gene expression of caspase-3. Corpus luteum ob-
tained from caspase-3 null mice show attenuated rates
of apoptosis and delay in the process of involution [53],
but the corpus luteum of them involutes. This shows
that caspase-3 is not the sole factor leading to cell death
in this gland [8,53]. Recently, various forms of pro-
grammed cell death (apoptosis, necrosis and autophagy)
have been suggested as potentially being triggered dur-
ing the regression of the corpus luteum; programmed
cell death depends of the animal species, the physio-
logical or pathological conditions assessed and/or the
nature of the luteolytic stimulus [8,54]. In addition,
further studies are needed to assess in greater detail the
process of apoptosis in the corpus luteum of animals with
thyroid dysfunction, such as via Fas/FasL, to provide a
better understanding of the process of luteal regression
that occurs in the corpus luteum of these animals.
Hyperthyroid animals showed an increase in mRNA

expression for VEGF and Flk-1 at 19 days of gestation
and an increase in Flk-1 immunohistochemical expres-
sion, which was distinct from the results of hypothyroid
animals that experienced a reduction of VEGF immuno-
histochemical expression. Silva et al. [33] observed that,
during the diestrus of non-pregnant rats, there is an
increase in the intensity of Flk-1 and VEGF expression
in the luteal cells of the corpus luteum of previous cycles
and in regression compared to the newly formed corpus
luteum. Furthermore, the process of luteal regression
occurs in a hypoxic environment, as low oxygen tension
stimulates VEGF expression and/or the expression of its
receptor through the expression of hypoxia-inducible
factor-1 (HIF-1) [55]. Wada et al. [56] also observed a
reduction of the luteal blood flow at the end of the
pregnancy period in mice before any of the structural
changes of luteal regression. As hyperthyroid animals



Figure 8 Flk-1 expression in the corpus luteum of pregnant rats of the control, hypothyroid and hyperthyroid groups at 10, 14 and
19 days of gestation. A) Immunohistochemical images of Flk-1 expression (Streptavidin-biotin-peroxidase, Harris hematoxylin, scale bar = 12 μm).
B and C) Reduction of the area and intensity of Flk-1 expression in the corpus luteum of the hypothyroid group compared to the control group at
14 days of gestation. Increase of the area and intensity of Flk-1 expression in the corpus luteum of hyperthyroid group compared to the control
group at 19 days of gestation.
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undergo an early luteal regression [29], one hypothesis
is that a hypoxic environment has already been devel-
oped in the corpus luteum of these animals at 19 days
of gestation, justifying the higher expression of VEGF
and Flk-1 in relation to control animals.
Regarding hypothyroid animals, a lowered VEGF immu-

nohistochemical expression at 19 days of gestation could
compromise luteal function, as VEGF influences the
production and release of progesterone by the corpus
luteum [42] and controls its vascular permeability [56].
More research is needed to assess how hypothyroidism
affects luteal function to the detriment of the alterations
observed in the VEGF expression because this thyroid
dysfunction results in abortion in the final third of preg-
nancy and stillbirth [11].

Conclusion
Experimental hypothyroidism reduces the prolifera-
tion, apoptosis and expression of angiogenic factors and
COX-2in the corpus luteum of pregnant rats. In contrast,
experimental hyperthyroidism increases the expression
of angiogenic factors and COX-2 and the proliferative
activity in the corpus luteum of pregnant rats.

Abbreviations
CDC-47: Cell division control protein 47; VEGF: Vascular endothelial growth
factor; Flk-1: Fetal Liver Kinase 1; COX-2: Cyclooxygenase 2;
PGF2α: Prostaglandin F2alpha; PTU: Propylthiouracil; CL: Corpus luteum;
Cdk: Cyclin-dependent kinase; TNFα: Tumor necrosis factor alpha; PL-1: Placental
lactogen 1; 20αHSD: 20α-hydroxysteroid dehydrogenase; PGE2: Prostaglandin
E2; HIF-1: Hypoxia-inducible factor-1.

Competing interests
The authors declare that they have no competing financial or non-financial
competing interests.

Authors’ contributions
JS and RS conceived and designed the study. JS performed the experiments
of immunohistochemistry and molecular biology and wrote the manuscript.
NO and RS contributed to the writing and to the critical reading of the
paper. All authors read and approved the final manuscript.

Acknowledgements
This work was supported by grants from Fundação de Amparo à Pesquisa
de Minas Gerais (Fapemig), Conselho Nacional de Desenvolvimento
Científico e Tecnológico (CNPq) and Pró-Reitoria de Pesquisa (PRPq) of the
Universidade Federal de Minas Gerais.

Received: 24 February 2014 Accepted: 8 July 2014
Published: 12 July 2014

References
1. Bazer FW, Burghardt RC, Johnson GA, Spencer TE, Wu G: Interferons and

progesterone for establishment and maintenance of pregnancy:
interactions among novel cell signaling pathways. Reprod Biol 2008,
8:179–211.

2. Jewgenow K, Amelkina O, Painer J, Göritz F, Dehnhard M: Life cycle of
feline corpora lutea: histological and intraluteal hormone analysis. Reprod
Domest Anim 2012, 47:25–29.

3. Daya S: Luteal support: progestogens for pregnancy protection. Maturitas
2009, 65:S29–S34.

4. Choksi NY, Jahnke GD, Hilaire CS, Shelby M: Role of thyroid hormones in
human and laboratory animal reproductive health. Birth Defects Res 2003,
68:479–491.
5. Shirasuna K, Nitta A, Sineenard J, Shimizu T, Bollwein H, Miyamoto A:
Vascular and immune regulation of corpus luteum development,
maintenance, and regression in the cow. Domest Anim Endocrinol 2012,
43:198–211.

6. Simpson KS, Byers MJ, Curry TE Jr: Spatiotemporal messenger ribonucleic
acid expression of ovarian tissue inhibitors of metalloproteinases
throughout the rat estrous cycle. Endocrinology 2001, 142:2058–2069.

7. Curry TE, Osteen KG: The matrix metalloproteinase system: changes,
regulation, and impact throughout the ovarian and uterine reproductive
cycle. Endocr Rev 2003, 24:428–465.

8. Stocco C, Telleria C, Gibori G: The molecular control of corpus luteum
formation, function and regression. Endocr Rev 2007, 28:117–149.

9. Niswender GD, Juengel JL, Silva PJ, Rollyson MK, Mcintush EW: Mechanisms
controlling the function and life span of the corpus luteum. Physiol Rev
2000, 80:1–29.

10. Sugino N, Okuda K: Species-related differences in the mechanism of
apoptosis during structural luteolysis. J Reprod Dev 2007, 53:977–986.

11. Poppe K, Glinoer D: Thyroid autoimmunity and hypothyroidism before
and during pregnancy. Hum Reprod Update 2003, 9:149–161.

12. Stagnaro-Green A: Overt hyperthyroidism and hypothyroidism during
pregnancy. Clin Obstet Gynecol 2011, 54:478–487.

13. Freitas ES, Leite ED, Souza CA, Ocarino NM, Ferreira E, Cassali GD,
Gomes MG, Serakides R: Histomorphometry and expressions of Cdc47
and Caspase-3 in hyperthyroid rats uteri and placentas during
gestation and postpartum associated with fetal development. Reprod
Fert Develop 2007, 19:498–509.

14. Silva JF, Vidigal PN, Galvão DD, Boeloni JN, Nunes PP, Ocarino NM,
Nascimento EF, Serakides R: Fetal growth restriction in hypothyroidism is
associated with changes in proliferative activity, apoptosis and
vascularisation of the placenta. Reprod Fertil Dev 2012, 24:923–931.

15. Dalton S, Whitbread L: Cell cycle-regulated nuclear import and export of
Cdc47, a protein essential for initiation of DNA replication in budding
yeast. Proc Natl Acad Sci U S A 1995, 92:2514–2518.

16. Jänicke RU, Sprengart ML, Wati MR, Porter AG: Caspase-3 is required for
DNA fragmentation and morphological changes associated with
apoptosis. J Biol Chem 1998, 273:9357–9360.

17. Ebisch IMW, Thomas CMG, Wetzels AMM, Willemsen WN, Sweep FC,
Steegers-Theunissen RP: Review of the role of the plasminogen activator
system and vascular endothelial growth factor in subfertility. Fertil Steril
2008, 90:2340–2350.

18. Reynolds LP, Borowicz PP, Vonnahme KA, Johnson ML, Grazul-Bilska AT,
Wallace JM, Caton JS, Redmer DA: Animal models of placental angiogenesis.
Placenta 2005, 26:689–708.

19. Miyamoto A, Shirasuna K, Sasahara K: Local regulation of corpus luteum
development and regression in the cow: impact of angiogenic and
vasoactive factor. Domest Anim Endocrinol 2009, 37:159–169.

20. Kosaka N, Sudo N, Miyamoto A, Shimizu T: Vascular endothelial growth
factor (VEGF) suppresses ovarian granulosa cell apoptosis in vitro.
Biochem Biophys Res Commun 2007, 363:733–737.

21. Arosh JA, Banu SK, Chapdelaine P, Madore E, Sirois J, Fortier MA:
Prostaglandin biosynthesis, transport, and signaling in corpus luteum: a
basis for autoregulation of luteal function. Endocrinology 2004,
145:2551–2560.

22. Kaczmarek MM, Schams D, Ziecik AJ: Role of vascular endothelial
growth factor in ovarian physiology - an overview. Reprod Biol 2005,
5:111–136.

23. Sakurai T, Tamura K, Kogo H: Stimulatory effects of eicosanoids on ovarian
angiogenesis in early luteal phase in cyclooxygenase-2 inhibitor-treated
rats. Eur J Pharmacol 2005, 516:158–164.

24. Yeh J, Kim BS, Perisie J: Ovarian vascular endothelial growth factor and
vascular endothelial growth factor receptor patterns in reproductive
aging. Fertil Steril 2008, 89:1546–1556.

25. Rosato RR, Gimenez MS, Jahn GA: Effects of chronic thyroid hormone
administration on pregnancy, lactogenesis and lactation in the rat.
Acta Endocrinol 1992, 127:547–554.

26. Mattheij JA, Swarts JJ, Lokerse P, van Kampen JT, Van der Heide D: Effect of
hypothyroidism on the pituitary-gonadal axis in the adult female rat.
J Endocrinol 1995, 146:87–94.

27. Hatsuta M, Abe K, Tamura K, Ryuno T, Watanabe G, Taya K, Kogo H: Effects
of hypothyroidism on the estrus cycle and reproductive hormones in
mature female rat. Eur J Pharmacol 2004, 486:343–348.



Silva et al. Journal of Ovarian Research 2014, 7:75 Page 13 of 13
http://www.ovarianresearch.com/content/7/1/75
28. Hapon MB, Simoncini M, Via G, Jahn GA: Effect of hypothyroidism on
hormone profiles in virgin, pregnant and lactating rats, and on lactation.
Reproduction 2003, 126:371–382.

29. Navas PB, Motta AB, Hapon MB, Jahn GA: Hyperthyroidism advances
luteolysis in the pregnant rat through changes in prostaglandin balance.
Fertil Steril 2011, 96:1008–1014.

30. Silva CM, Serakides R, Oliveira TS, Ocarino NM, Nascimento EF, Nunes VA:
Histomorphometry and histochemistry of the ovaries, oviduct and
uterus in hypothyroid rats in the metaestrus-diestrus. Arq Bras Endocrinol
Metabol 2004, 56:628–639.

31. Serakides R, Nunes VA, Nascimento EF, Ribeiro AFC, Silva CM: Foliculogênese e
esteroidogênese ovariana em ratas adultas hipertireóideas. Arq Bras
Endocrinol Metabol 2001, 45:258–264.

32. Boeloni JN, Ocarino NM, Silva JF, Corrêa CR, Bertollo CM, Hell RC, Pereira
MM, Goes AM, Serakides R: Osteogenic differentiation of bone marrow
mesenchymal stem cells of ovariectomized and non-ovariectomized
female rats with thyroid dysfunction. Pathol Res Pract 2013, 209:44–51.

33. Silva J, Ocarino N, Vieira A, Nascimento E, Serakides R: Effects of hypo- and
hyperthyroidism on proliferation, angiogenesis, apoptosis and expression
of COX-2 in the corpus luteum of female rats. Reprod Domest Anim 2013,
48:691–698.

34. Braden TB, Gamboni F, Niswender GB: Effects of prostaglandin F2 0-lnduced
luteolysis on the populations of cells in the ovine corpus luteum.
Biol Reprod 1988, 39:245–253.

35. Tsukada K, Matsushima T, Yamanaka N: Neovascularization of the corpus
luteum of rats during the estrus cycle. Pathol Int 1996, 46:408–416.

36. Ma Y, Lovekamp-Swan T, Bekele W, Dohi A, Schreihofer DA: Hypoxia-inducible
factor and vascular endothelial growth factor are targets of dietary soy
during acute stroke in female rats. Endocrinology 2013, 154:1589–1597.

37. Oliveira-Pelegrin GR, Basso PJ, Soares AS, Martinez MR, Riester KD, Rocha MJ:
Cleaved caspase-3 expression in hypothalamic magnocellular neurons
may affect vasopressin secretion during experimental polymicrobial
sepsis. J Neuroimmunol 2013, 258:10–16.

38. Araldi D, Ferrari LF, Lotufo CM, Vieira AS, Athié MC, Figueiredo JG, Duarte
DB, Tambeli CH, Ferreira SH, Parada CA: Peripheral inflammatory
hyperalgesia depends on the COX increase in the dorsal root ganglion.
Proc Natl Acad Sci U S A 2013, 110:3603–3608.

39. Engstrom T: The regulation by ovarian steroids of prostaglandin synthesis
and prostaglandin-induced contractility in non-pregnant rat myometrium.
Modulating effects of isoproterenol. J Endocrinol 2001, 169:33–41.

40. Donnelly CJ, Park M, Spillane M, Yoo S, Pacheco A, Gomes C, Vuppalanchi D,
McDonald M, Kim HH, Merianda TT, Gallo G, Twiss JL: Axonally synthesized
β-actin and GAP-43 proteins support distinct modes of axonal growth.
J Neurosci 2013, 33:3311–3322.

41. Macchiarelli G, Palmerini MG, Nottola SA, Cecconi S, Tanemura K, Sato E:
Restoration of corpus luteum angiogenesis in immature hypothyroid
rdw rats after thyroxine treatment: morphologic and molecular evidence.
Theriogenology 2013, 79:116–126.

42. Pauli SA, Tang H, Wang J, Bohlen P, Posser R, Hartman T, Sauer MV,
Kitajewski J, Zimmermann RC: The vascular endothelial growth factor
(VEGF)/VEGF receptor 2 pathway is critical for blood vessel survival
in corpora lutea of pregnancy in the rodent. Endocrinology 2005,
146:1301–1311.

43. Kashida S, Sugino N, Takiguchi S, Karube A, Takayama H, Yamagata Y,
Nakamura Y, Kato H: Regulation and role of vascular endothelial growth
factor in the corpus luteum during mid-pregnancy in rats. Biol Reprod
2001, 64:317–323.

44. Li Q, Wang H, Lin H, Shao L, Ni J, Duan E, Zhu C: Expression of vascular
endothelial growth factor in rat ovary during pregnancy and
postpartum. Sci China C Life Sci 2002, 45:379–387.

45. Bukovsky A, Caudlemr MR, Keenan JA, Wimalasena J, Upadhyaya NB, Van
Meter SE: Is corpus luteum regression an immune-mediated event?
Localization of immune system components and luteinizing hormone
receptor in human corpora lutea. Biol Reprod 1995, 53:1373–1384.

46. Henkes LE, Sullivan BT, Lynch MP, Kolesnick R, Arsenault D, Puder M, Davis
JS, Rueda BR: Acid sphingomyelinase involvement in tumor necrosis
factor alpha-regulated vascular and steroid disruption during luteolysis
in vivo. Proc Natl Acad Sci U S A 2008, 105:7670–7675.

47. Toft DJ, Linzer DI: Identification of three prolactin-related hormones as
markers of invasive trophoblasts in the rat. Biol Reprod 2000, 63:519–525.
48. Hapon MB, Motta AB, Ezquer M, Bonafede M, Jahn GA: Hypothyroidism
prolongs corpus luteum function in the pregnant rat. Reproduction 2007,
133:197–205.

49. Stocco C, Zhong L, Sugimoto Y, Ichikawa A, Lau LF, Gibori G: Prostaglandin
F2α-induced expression of 20α-hydroxysteroid dehydrogenase involves
the transcription factor NUR77. J Biol Chem 2000, 275:37202–37211.

50. Svensson EC, Markström E, Shao R, Andersson M, Billig H: Progesterone
receptor antagonists Org 31710 and RU 486 increase apoptosis in
human periovulatory granulosa cells. Fertil Steril 2001, 76:1225–1231.

51. Okuda K, Korzekwa A, Shibaya M, Murakami S, Nishimura R, Tsubouchi M,
Woclawek-Potocka I, Skarzynski DJ: Progesterone is a suppressor of
apoptosis in bovine luteal cells. Biol Reprod 2004, 71:2065–2071.

52. Young KA, Stouffer RL: Gonadotropin and steroid regulation of matrix
metalloproteinases and their endogenous tissue inhibitors in the
developed corpus luteum of the rhesus monkey during the menstrual
cycle. Biol Reprod 2004, 70:244–252.

53. Carambula SF, Matikainen T, Lynch MP, Flavell RA, Gonçalves PB, Tilly JL,
Rueda BR: Caspase-3 is a pivotal mediator of apoptosis during regression
of the ovarian corpus luteum. Endocrinology 2002, 143:1495–1501.

54. Davis JS, Rueda BR: The corpus luteum: an ovarian structure with maternal
instincts and suicidal tendencies. Front Biosci 2002, 1:d1949–d1978.

55. Forsythe JA, Jiang BH, Iyer NV, Agani F, Leung SW, Koos RD, Semenza GL:
Activation of vascular endothelial growth factor gene transcription by
hypoxia-inducible factor 1. Mol Cell Biol 1996, 16:4604–4613.

56. Wada Y, Osaki H, Abe N, Mori A, Sakamoto K, Nagamitsu T, Nakahara T,
Ishii K: Role of vascular endotelial growth fator in maintenance of
pregnancy in mice. Endocrinology 2013, 154:900–910.

doi:10.1186/1757-2215-7-75
Cite this article as: Silva et al.: Luteal activity of pregnant rats with
hypo-and hyperthyroidism. Journal of Ovarian Research 2014 7:75.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Induction of thyroid dysfunctions and mating
	Hormone analysis
	Necropsy and material collection
	Immunohistochemistry
	TUNEL assay
	Real time RT-PCR
	Statistical analysis

	Results
	Induction of thyroid dysfunction
	Proliferative activity
	Apoptotic activity (TUNEL and Caspase-3)
	Immunohistochemical expression of COX-2
	Relative expression of gene transcripts to COX-2 and PGF2α receptor
	VEGF and Flk-1 expression

	Discussion
	Conclusion
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.440 793.440]
>> setpagedevice


