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RESUMO.- [Hormônios tireoidianos afetam a decidua-
lização e a angiogênese na decídua e glândula metrial 
de ratas.] Este estudo teve como objetivo avaliar os efeitos 
dos hormônios tireoidianos sobre a decídua e a glândula 

metrial pela análise da expressão de fatores angiogênicos 
em ratas. 72 ratas adultas, fêmeas foram distribuídas nos 
grupos hipotiroideo, tratado com T4 e controle. Aos 10, 14 
e 19 dias de gestação (DG), a decídua e a glândula metrial 
foram coletadas para avaliação histomorfométrica e imu-
noistoquímica da expressão de VEGF, Flk-1 e Tie-2. O hi-
potireoidismo reduziu a área da decídua aos 10 e 19 DG. 
Além disso, o VEGF aumentou aos 10 e 14 DG e o Flk-1 
apenas aos 14 DG, mas ambos foram reduzidos aos 19 DG 
na glândula metrial sem alterar significativamente a área 
ocupada pelos vasos sanguíneos. As ratas tratadas com T4 
apresentaram aumento do número de vasos sanguíneos na 
decídua aos 10 e 19 DG. Além disso, aos 10 DG, o excesso de 
T4 resultou no aumento de Flk-1 na decídua e na glândula 
metrial. O hipotireoidismo aumentou o Tie-2 em 10 e 19 
DG na decídua e na glândula metrial. Desta forma, pode-se 
concluir que o hipotireoidismo reduz a área da decídua e 
aumenta a expressão de VEGF, Tie-2 e Flk-1. O excesso de T4 
promove a angiogênese tecidual ao aumentar o número de 
vasos na decídua devido ao aumento da expressão de Flk-1.
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This study aimed to evaluate the effects of thyroid hormone on the decidua and metrial 
gland of rats and to examine the expression of angiogenic factors. 72 adult, female rats 
were divided into hypothyroid, T4-treated2, and control groups. At 10, 14 and 19 days of 
gestation (DG), the decidua and metrial gland were collected for histomorphometric and 
immunohistochemical evaluation of the expression of VEGF, Flk-1 and Tie-2. Hypothyroid-
ism reduced the area of the decidua at 10 and 19 DG. Furthermore, VEGF was increased 
at 10 and 14 DG, and Flk-1 only at 14 DG, but both was reduced at 19 DG in the metrial 
gland without significantly changing the area occupied by blood vessels. Rats treated with 
T4 showed an increase in the decidua blood vessels at 10 and 19 DG. However, at 10 DG, 
excess T4 resulted in increased of Flk-1 in the decidua and metrial gland. Hypothyroidism 
increased the Tie-2 at 10 and 19 DG in the decidua and metrial gland. In conclusion, hypo-
thyroidism reduces the area of the decidua and increases the expression of VEGF, Tie-2 and 
Flk-1. The excess of T4 promotes tissue angiogenesis by increasing the number of vessels in 
the decidua because of the increased expression of Flk-1.
INDEX TERMS: Thyroid hormones, decidualization, angiogenesis, decidua, metrial gland, rats. 
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INTRODUCTION
Angiogenesis at the maternal-fetal interface is critical to 
the proper development of the placenta and, therefore, the 
fetus (Reynolds et al. 2010). Changes in this process result 
in various pregnancy complications, such as preeclampsia, 
IUGR, miscarriage and stillbirth (Coulam 2000, Malassiné 
et al. 2003, Toder et al. 2003, Torry et al. 2004, Redmer et 
al. 2005, Zhang et al. 2007, Vonnahme et al. 2008, Soares et 
al. 1012).

The decidua, also known as the maternal placenta, it is 
important for both anchoring fetal placental tissue and co-
ordinating, directly or indirectly, overall vascular remode-
ling at the maternal-fetal interface (Reynolds et al. 2010). 
Through the production of cytokines and growth factors, 
such as VEGF, angiopoietins (Ang)7 and placental growth 
factor (PlGF)8 (Sherer 2001, Plaisier et al. 2007, Vonnahme 
et al. 2007, Seidenspinner et al. 2010), the decidual cells 
coordinate the replacement of the vascular endothelium of 
maternal uterine spiral arteries by the actions of tropho-
blast cells to establish the hemochorial placenta. During 
this process, there is a loss of the smooth muscle of arteries, 
vasodilation and increased blood flow (Ong et al. 2005, 
Harris et al. 2007). In rats, whose placenta is hemocorial 
and similar to that of humans, vascular remodeling occurs 
from the middle-third of pregnancy, a period that also coin-
cides with the beginning of trophoblast cell migration to-
wards the decidua (Pijnenborg et al. 1981, Ain et al. 2003, 
Caluwaerts et al. 2005, Vercruysse et al. 2006, Pijnenborg & 
Vercruysse 2010, Soares et al. 2012). During this process, 
there are extensive invasion of the decidua by Natural Kil-
ler cells in close association of uterine spiral artery in both 
humans and rats (Chakraborty et al. 2011, Chazara et al. 
2011). Similarly to humans, rat trophoblasts deeply invade 
the decidua, extending to the mesometrial triangle, diffe-
rent from mice in which the trophoblastic invasion is very 
limited and confined to the mesometrial decidua (Silva & 
Serakides 2016).

However, although some similarities stimulate the use 
of the rat as a model for the study of maternal-fetal inter-
face of human and primates (Enders & Blankenship 1999, 
Georgiades et al. 2002, Shortman & Liu 2002, Carter & 
Enders 2004, Carter 2007, Carter & Mess 2007, Dilworth 
& Silbley 2013, Silva & Serakides 2016), some differences 
exist in structure, placental development and some types 
of trophoblast cells between the human and rat placentas 
(Silva & Serakides 2016). During the placentation, the fe-
tal placenta of the rat is organized into placental labyrinth 
and junctional zone (layer spongiotrophoblast plus giant 
cell layer), different from the human placenta that is orga-
nized in villous placenta [cytotrophoblast (innermost) and 
syncytiotrophoblast (outermost)] and extravillous tropho-
blast (EVT). The EVT is similar to the rat invasive tropho-
blasts that migrate towards the decidua (Silva & Serakides 
2016). The volume of the decidua and of each layer of the 
fetal placenta changes according to gestational period. In 
murids, in the initial and middle thirds of gestation there 

is an increase in the volume in the layers of the placenta 
and the middle third to the end of a reduction, with a la-
byrinthine layer to become more prominent. Moreover, in 
murids there is an increase in fetal blood vessels in whi-
ch the proportion of maternal blood space remains stable 
throughout gestation (Favaron et al. 2013). The interaction 
between the fetal blood vessels and the maternal vascular 
space in the rat has a labyrinthine organization. This region 
corresponds to the human placental villi that are surroun-
ded by intervillous space through which maternal blood 
flows (Silva & Serakides 2016). In this region, the relation 
between the trophoblast cells and the endothelium of the 
fetal vessels is hemomonochorial in human, while in the rat 
placenta is hemotrichorial, i.e., with one or three tropho-
blast layers, respectively (Furukawa et al. 2014).

Maternal hypothyroidism is known to result in low bir-
th weight and placental abnormalities (Silva et al. 2012). 
By contrast, hyperthyroidism promotes an increase in the 
birth rate without affecting weight or fetal viability (Freitas 
et al. 2007). Hypothyroid rats exhibit compromised vascu-
lature of the placental labyrinth and reduced trophoblas-
tic expression of VEGF and its receptor Flk-1 by the end of 
pregnancy. Furthermore, there is a reduction in the expres-
sion of inducible nitric oxide synthase (iNOS)9 and intrau-
terine trophoblastic migration, which are important for va-
sodilation and intrauterine vascular remodeling (Silva et al. 
2012, Silva et al.  2014, Silva et al. 2015). Silva et al. (2015) 
observed that hyperthyroidism reduces VEGF and Flk-1 ex-
pression in trophoblast cells at the end of pregnancy, whi-
ch suggests that such changes might be related to preterm 
delivery that is exhibited by these rats (Krammerer et al. 
2005, Freitas et al. 2007, Andraweera et al. 2012). However, 
evaluations of decidualization and the expression of angio-
genic factors in the decidua and metrial gland of animals 
with thyroid dysfunction remain poorly characterized. The 
decidua influences the entire process of placentation (Gal-
ton et al. 1999, Galton et al. 2001). Therefore, we hypothe-
sized that the placental disc changes observed in rats with 
thyroid dysfunction (Silva et al. 2012, Silva et al. 2014, Silva 
et al. 2015) might reflect changes in the decidua and me-
trial gland.

This study aimed to investigate the effects of hypo-
thyroidism and excess thyroxine in decidualization and the 
expression of the angiogenic factors VEGF, Flk-1 and Tie-2 
by immunohistochemistry in the decidua and metrial gland 
from the middle-third of pregnancy in rats.

MATERIALS AND METHODS
This study was approved by the Ethics Committee for Animal Ex-
perimentation of the Universidade Federal de Minas Gerais (proto-
col number 239/11).

Animal handling and induction of thyroid dysfunction. A 
total of 72 two-month-old Wistar rats were housed in plastic ca-
ges (6 animals/cage), where they received commercial feed (1.4% 

7 Angiopoietins: Ang.
8 Placental growth factor: PlGF.
9 Inducible nitric oxide synthase: iNOS.
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calcium, 0.60% phosphorus and 22% protein) and water ad libi-
tum. Rats were kept under conditions of 12 hours of light and 12 
hours of dark.

After a period of 30 days to acclimatize the rats, they were 
separated randomly into the following three groups: control, hy-
pothyroid and T4-treated (n=24 animals per group). The hypo-
thyroid group received 1 mg/animal PTU10 diluted in 5ml distilled 
water by orogastric gavage daily (Silva et al. 2004, Silva et al. 2012, 
Silva et al. 2013). Rats treated with T4 received 50µg/animal/day 
L-thyroxine11 (Serakides et al. 2001, Freitas et al. 2007, Silva et 
al. 2013) diluted in 5ml distilled water by orogastric gavage daily. 
The control group animals received distilled water in the same 
volume as the treated groups.

At five days after the onset of treatment, females in all groups 
were subjected to vaginal cytology (Marcondes et al. 2002) to 
monitor the estrous cycle. During the same period, six rats from 
each group were euthanized with an overdose of anesthetic to ob-
tain blood samples and measure the levels of free T3 and T4.

Rats in proestrus and estrus were housed in plastic cages with 
adult rats for 12 hours. The next morning, vaginal smears were 
performed to detect the presence of sperm. When sperm were 
observed, copulation was confirmed and that day was designated 
as 0 DG. After copulation, female rats were housed individually in 
plastic cages. Animals in the control, hypothyroid and T4-treated 
groups continued with treatment as described above, until the 
day of euthanasia.

Blood sample collection and euthanasia. A total of six ani-
mals per group were killed on 0, 10, 14 and 19 day of gestation 
(DG) with an anesthetic overdose. After anesthesia with xyla-
zine12 (5-10 mg/kg intramuscular) and ketamine13 (50-150mg/kg 
intramuscular), rats were subjected to blood sample collection by 
intracardiac puncture until death on 0 DG and 19 DG. Blood was 
collected into tubes with heparin to obtain plasma and stored at 
-20°C for subsequent dosage-free T3 and T4 measurements. Mea-
surements were performed using chemiluminescence14 on fully 
automatic methods or kits according to the manufacturer’s rec-
ommendations.

Necropsy. After euthanasia at 10 DG, 14 DG, and 19 DG, the 
uterus and placenta containing fetuses were separated from the 
tube and ovary. Decidua along with metrial glands and placental 
discs of four sites of placental insertion per rat were fixed in cold 
4% paraformaldehyde for 24 hours. Deciduas were process us-
ing a routine technique in paraffin and subjected to microtomy to 
obtain sections of 4 μm on silanized slides for staining with hema-
toxylin and eosin (HE) and Masson’s trichrome, or immunostain-
ing was performed for VEGF, Flk-1 and Tie-2. Histological sections 
was always performed on the same transverse section, including 
the decidua, metrial gland and placental disc, to standardize the 
analysis sites.

Histomorphometric analysis. The decidua and metrial 
gland of the mesometrial region were studied. Histological sec-
tions of decidua were stained with H&E or Masson’s trichrome 
and enlarged 4X and 20X, respectively. Slides were photographed 
with a Spot Color Insight digital camera15 coupled to an Olympus 
BX-40 microscope. A total of decidua sections were assessed per 
rat. Using the program Image Pro Plus® version 4.516, measure-
ments were carried out over the total area occupied by decidua in 
histological sections stained with H&E. The number of blood ves-
sels and the area they occupied were determined in seven fields 
per decidua in Masson’s trichrome-stained sections.

Immunohistochemistry. For immunohistochemistry, the 
streptavidin-biotin-peroxidase17 technique was used with antigen 
recovery using a retrieval solution at 98°C. Histological sections 
were incubated in a humid chamber overnight with primary an-
tibody, and then the following steps were carried out: blocking of 

endogenous peroxidase, blocking with serum (Ultra vision Block, 
Lab Vision Corp., Fremont, CA. USA) and streptavidin peroxidase 
incubation for 30 minutes per step. Anti-VEGF antibody (sc-152, 
Santa Cruz Biotechnology, CA, USA) was used at a dilution 1:100, 
while anti-Flk-1 (sc-6251, Santa Cruz Biotechnology, CA, USA) and 
anti-Tie2 (sc-9026, Santa Cruz Biotechnology, CA, USA ) were used 
at dilutions of 1:300 and 1:50, respectively. Incubation with sec-
ondary antibody18 was performed for 45 minutes. As a chromo-
gen, diaminobenzidine19 was used. Sections were counter-stained 
with Harris hematoxylin20. The negative control was obtained by 
replacing the primary antibody with IgG (X0909, Dako, CA, USA).

Descriptive and quantitative evaluations of the immunohis-
tochemical expression of VEGF, Flk-1 and Tie-2 were performed 
in two decidua and metrial gland sections per rat for each group. 
The mesometrial decidua was divided into central and lateral re-
gions at 10 DG (Herington et al. 2007); these factors were obser-
ved at the basal decidua and metrial gland, which were formed 
by the central spiral arteriole and its branches were surrounded 
by decidual and metrial gland cells (i.e., uNK cells, macrophages, 
dendritic cells and lymphocytes) at 14 DG and 19 DG (Croy 1999). 
To determine the intensity and immunostaining area, images 
were obtained using a Spot Color Insight digital camera15 coupled 
to an Olympus BX-40 microscope at 20X magnification. The inten-
sity and area of immunostaining were determined using ImageJ 
WCIF® software21. Color deconvolution and thresholding of ima-
ges were carried out. Data were analyzed and expressed as the in-
tensity (integrated density) of immunostaining and area in pixels 
(Silva et al. 2015).

Statistical analysis. The study used a completely randomized 
design. ANOVA was performed, and each variable was determined 
using means and standard deviation. Means were compared using 
the Student-Newman-Keuls test (SNK). Differences were conside-
red significant if p<0.05.

RESULTS
Induction of thyroid dysfunction

Rats treated with PTU exhibited lethargy and reduced 
plasma levels of T4 and free T3 compared with control ani-
mals at time zero (T4 P<0.05 and T3 P<0.01) and at 19 DG 
(T4, P<0.001; T3, P<0.05), thereby confirming the induction 
of hypothyroidism (Fig.1A and 1B). By contrast, rats trea-
ted with T4 exhibited aggression and increased plasma le-
vels of free T4 compared with controls on 0 DG and 19 DG 
(0 DG, P <0.001; 19 DG, P<0.001; Fig.1B). However, levels 
of free T3 did not significantly increase in the group of rats 
treated with thyroxine.

10 Sigma-Aldrich, St Louis, MO, USA.
11 Sigma-Aldrich, St Louis, MO, USA.
12 Kensol-Cloridrato de xilazina a 2% (Laboratórios König, Avellaneda- 

Argentina).
13 Quetamina Injetável Vetnil, 10mg/mL (Vetecia Laboratórios de Produ-

tos Veterinários Ltda, Louveira, SP, Brasil).
14 IMMULITE, Siemens Medical Solutions Diagnostics, Malvern, PA, USA. 
15 SPOTTM, Sterling Heights, MI, USA.
16 Media Cybernetics- Roper Technologies- S&P 500, Fortune 1000 and 

Russell 1000, New York, USA.
17 Streptavidin Peroxidase, Lab Vision Corp., Fremont, CA, USA.
18 Biotin Goat, Lab Vision Corp., Fremont, CA. USA.
19 DAB substrate system, Lab Vision Corp., Fremont, CA. USA.
20 Hematoxilina de Harris, Merck, Darmstadt, DE.
21 Media Cybernetics Manufacturing, Rockville, MD, USA.
22 Uterine natural killer cells: uNKs.
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Histomorphometry
In all groups at 10 DG, the decidua exhibited a central re-

gion with infiltration by trophoblast cells that were surroun-
ded by decidual cells characterized by a rounded or polyhe-
dral shape with an enlarged, finely granular and eosinophilic 
cytoplasm. The decidual cells were sometimes juxtaposed. 
Occasionally, some uterine natural killer cells (uNKs)22 were 
observed to be interspersed with decidual cells. The uNKs are 
characterized by a rounded shape with eosinophilic and/or 
basophilic cytoplasmic granules. In the lateral region of the 
decidua, poorly differentiated, spindle or stellate cells could 
be observed with a moderate cytoplasm that was loosely or-
ganized. This region was bounded by a thin layer of smooth 
muscle. During this period, the metrial gland was initiating 
its development with few uNKs around the blood vessels. In 
this gestational age, the hypothyroid group exhibited a smal-
ler decidua area compared with the controls (Fig.2B and J; 
P<0.05). In this group, there was no significant reduction in 
the number of blood vessels or the area occupied by vessels 
(Fig. 2K and 2L). By contrast, in the T4-treated group, there 
was no significant difference in the decidua area, although 
the number of blood vessels was significantly higher compa-
red with the controls (P<0.01; Fig.2C, 2J and 2L).

At 14 DG in all groups, smooth muscle between the myo-
metrium and decidua basalis was present in the metrial 
gland. The decidua exhibited a predominance of deciduali-
zed endometrial cells that were ovoid or polyhedral, enlar-
ged and with an eosinophilic and finely granular cytoplasm 

with an epithelioid arrangement. Among these cells, there 
were numerous blood vessels. In the central region from the 
decidua, there were large-caliber arterioles that penetrated 
the metrial gland, around which glycogen cells and intersti-
tial trophoblast could be observed. Many uNKs were arran-
ged concentrically around blood vessels of different sizes. 
The endovascular trophoblast was aligned, juxtaposed or so-
metimes loosely distributed within the vascular wall where 
it replaced endothelial cells. During next period of gestation, 
there were no significant differences between groups regar-
ding the area of the decidua (Fig.2D, 2E, 2F and 2J) or the 
number and area occupied by blood vessels (Fig.2K and 2L).

At 19 DG, the decidua exhibited a greater amount of fi-
brous connective tissue and fewer decidual cells. The me-
trial glands had a reduced area compared to 14 DG, with an 
increased amount of glycogen cells and fewer uNKs. At 19 
DG in the hypothyroid group, similar to what we observed 
at 10 DG, a significant reduction of decidua area compared 
with the controls was also observed (Fig.2G, 2H and 2J; 
P<0.05), with no significant change in the number or area 
occupied by blood vessels (P<0.05; Fig.2K and 2L). Howe-
ver, the T4-treated rats had an increase in the number of 
blood vessels compared with the controls (P<0.01; Fig.2L).

Immunohistochemical expression of VEGF, Flk-1 and 
Tie-2

Expression of VEGF, Flk-1 and Tie-2 could be detected 
by immunohistochemistry in the decidua and metrial gland 

Fig.1. (A,B) Levels of T3 and free T4 (mean ± SD) in the plasma of rats from the control group, rats treated with T4, and hypothyroid rats 
on 0 DG and 19 DG (* P<0.05; ** P<0.01; *** P<0.001).
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Fig.2. (A-I) Histological sections of the maternal-fetal interface of the control, hypothyroid and T4-treated groups at 10 DG, 14 DG and 
19 DG. (J) Mesometrial decidua area of the control, hypothyroid and T4-treated groups at 10 DG, 14 DG and 19 DG . Reduction of the 
decidua area in the hypothyroid group compared with the controls at 10 DG and 19 DG. (K) Area occupied by blood vessels in the BD 
of control, hypothyroid and T4-treated groups at 10 DG, 14 DG and 19 DG. (L) Number of blood vessels in the BD of the control, hypo-
thyroid and T4-treated groups at 10 DG, 14 DG and 19 DG. Increase of the number of blood vessels in the BD of the T4-treated group 
compared with the control group at 10 DG and 19 DG (*P<0.05; **P<0.01). Haematoxylin Eosin stain. Bar=1000μm. Antimesometrial 
decídua (A,D); embryo (E); basal decidua (B,D); metrial gland (M,G); mesometrial decídua (M,D); placenta (P).
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of decidual cells, interstitial and endovascular trophoblast, 
uNKs, macrophages, fibroblasts and endothelial cells; ex-
pression was observed in each of the experimental groups. 
The area and intensity of expression varied according to 
the periods and differed between groups.

At 10 DG, hypothyroidism increased the area and in-
tensity of VEGF immunostaining in the lateral area of the 
decidua compared with the controls (P<0.05; Fig.3A). Im-
munostaining could be observed in decidual cells in both 
the central and lateral regions, as well as in uNKs, inters-
titial macrophages, endothelial cells and interstitial tro-
phoblasts. In the metrial gland, which is still undergoing 
development during this period, cytoplasmic VEGF immu-
nostaining was visualized in uNKs, interstitial macropha-
ges, endothelial cells and interstitial trophoblasts. Additio-
nally, in the hypothyroid group, the VEGF immunostaining 
intensity in the decidua and metrial gland at 14 DG was 
significantly greater compared with the controls (P<0.01; 
Fig.3B). Increased immunohistochemical expression of 
VEGF at 10 DG and 14 DG in the hypothyroid group was 
mainly observed in decidual cells and uNKs, despite being 
expressed by other cell types. From 10 to 14 DG, expression 
was observed in all experimental groups, but became sig-
nificantly decreased in the intensity as well as the area of 
VEGF immunostaining (P<0.001; Fig.3D).

By contrast, at 19 DG, a reduced VEGF immunostaining 
area was observed in the metrial glands of rats the hypo-
thyroid group compared with the control group (P<0.05; 
Fig.3C). Immunostaining was most evident in uNKs and 
macrophages, predominantly in perivascular areas. In this 
gestational age, as well as in other periods, the T4-treated 
rats showed no significant differences in VEGF expression 
in the decidua compared with the controls (P>0.05; Fig.3A, 
B e C). Immunostaining of VEGF only increased in the con-
trol group at 14 DG to 19 DG (P<0.01), i.e., there was no 
significant difference between periods in the hypothyroid 
and T4-treated groups of rats (Fig.3D).

Regarding the VEGF receptor, Flk-1, the rats treated 
with T4 showed an increase in the area and intensity of im-
munostaining in the central region of the decidua at 10 DG 
compared with the control rats (P<0.05; Fig.4A). Immunos-
taining was cytoplasmic and observed in decidual cells, en-
dothelial cells, interstitial macrophages and uNKs in each 
of the experimental groups; however, immunostaining was 
more intense in the uNKs. Immunostaining of Flk-1 was 
predominantly observed in the cytoplasm of uNKs at 14 
DG, and an increased intensity of immunostaining was ob-
served in the decidua and metrial gland of the hypothyroid 
group compared with the control group (P<0.05; Fig.4B). 
However, both the hypothyroid and T4-treated groups exhi-
bited reduced immunohistochemical expression of Flk-1 in 
the decidua and metrial gland compared with the control 
rats at 19 DG (P<0.05; Fig.4C). When the periods of gesta-
tion were compared within each group, we observed that 
there was less immunostaining of Flk-1 in both treatment 
groups at 14 DG to 19 DG (hypothyroid, P<0.001; T4-tre-
ated, P<0.05), which did not occur in the control group 
(Fig.4D). Furthermore, an increased area (P<0.05) and 
density (P<0.01) of immunostaining in the hypothyroid 

group at 10 DG to 14 DG were observed, which did not oc-
cur in the control or T4-treated groups (Fig.4D).

In relation to Tie-2 (angiopoietin receptor), cytoplas-
mic immunostaining was observed in decidual cells, endo-
thelial cells, interstitial macrophages and uNKs in all of the 
experimental groups. Immunostaining was most intense 
in decidual cells. There was an increase in immunostai-
ning intensity in the lateral region of the mesometrial de-
cidua in the hypothyroid compared with the control group 
at 10 DG (P<0.05; Fig. 5A). At 14 DG, there was no signi-
ficant difference between groups. At 19 DG, hypothyroid 
rats exhibited a significant increase in the area and inten-
sity of Tie-2 expression, predominantly in decidual cells 
of the decidua and metrial gland compared with control 
rats (P<0.01; Fig.5B). The T4-treated rats showed no diffe-
rences in Tie-2 immunostaining in the decidua compared 
with control rats in all of the gestational periods (P>0.05; 
Fig.5A, B e C). Comparing the gestation periods within 
each group, we observed that from 10 DG to 19 DG and 
from 14 DG to 19 DG, there was a marked reduction in Tie-
2 immunostaining in the control (P<0.05), hypothyroid 
(P<0.001), and T4-treated (P<0.001) groups (Fig. 5D). Be-
tween 10 DG and 14 DG, the Tie-2 immunostaining area 
was only significantly reduced in the hypothyroid group 
(P<0.001; Fig. 5D).

DISCUSSION
Our findings revealed for the first time that thyroid dys-
function affected decidualization and angiogenesis in the 
decidua and metrial gland of rats in the mid- to late-gesta-
tion period by different mechanisms and was dependent on 
gestational age.

In this present study, there was a reduction in the se-
rum levels of T3 and T4 after the administration of PTU. This 
occurred because PTU binds to thyroid peroxidase, which 
inhibits the conversion of iodide to iodine. Another action 
of PTU is to block the conversion of T4 to T3, the active form 
of the hormone, in target tissues by inhibiting the enzyme 
5ʹ-deiodinase (Chakraborty et al. 2012). In this way, PTU 
effectively inhibits the synthesis of thyroid hormones (Hol-
sberger et al. 2003, Jahnke et al. 2004, Chakraborty et al. 
2012). However, in the T4-treated rats there was increased 
T4 without a concomitant increase in T3, but the increase 
in T4 was associated with excitability. According to Henne-
mann (2006), hyperthyroidism can overactive the thyroid 
with consequent elevation of serum T3- and T4- associated 
clinical signs. Thyrotoxicosis involves increased thyroid 
hormones resulting from many other causes that include 
iatrogenic effects associated with clinical and/or biochemi-
cal changes (Hennemann 2006). Therefore, it is not surpri-
sing that the T4-treated rat group exhibited thyrotoxicosis. 
In this case, increased T4 without increased T3 may have 
occurred because of the conversion of T4 to T3, which oc-
curs predominantly in the cytoplasm of target cells by the 
actions of deiodinases (Gereben et al. 2008, Zanatta et al. 
2013, Ramos et al. 2014). Another hypothesis is that T3 
has been rapidly metabolized and does not have time to in-
crease overall serum levels. This occurs because pregnant 
females have a faster metbolism, along with an increased 
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Fig.3. VEGF expression in the decidua of rats of the control, hypothyroid and T4-treated. (A) Immunohistochemical expression of VEGF in 
the decidua at 10 DG with increased area and intensity of VEGF immunostaining in the lateral region of the decidua of the hypothy-
roid group compared with the control group. (B) Immunohistochemical expression of VEGF in the decidua at 14 DG with increased 
VEGF immunostaining intensity in the decidua and metrial gland in the hypothyroid group compared with the control group. (C) 
Immunohistochemical expression of VEGF in the decidua at 19 DG with reduction of VEGF immunostaining area in the metrial gland 
in the hypothyroid group compared with the control group (*P<0.05; streptavidin-biotin-peroxidase counter-stain hematoxylin, 
Bar=200μm). (D) Immunostaining intensity and area of VEGF expression in the decidua of rats 10 DG, 14 DG and 19 DG, differences 
between periods in each group are noted.
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Fig.4. Flk-1 expression in the decidua of rats of the control, hypothyroid and T4-treated. (A) Immunohistochemical expression of Flk-1 
in the decidua at 10 DG with increase in the intensity and immunostaining area of Flk-1 in the central mesometrial decidua in the 
T4-treated group compared with the control group. (B) Immunohistochemical expression of Flk-1 in the decidua at 14 DG with 
increased immunostaining intensity of Flk-1 in the decidua and metrial gland in the hypothyroid group compared with the control 
group. (C) Immunohistochemical expression of Flk-1 in the decidua at 19 DG with reduction in the intensity and immunostaining 
area of Flk-1 in the decidua and metrial gland in tissues from the hypothyroid and T4-treated groups compared with the control 
group (*P<0.05; streptavidin-biotin-peroxidase counter-stain hematoxylin, Bar=200μm). (D) Immunostaining intensity and area of 
Flk-1 expression in the decidua of rats 10 DG, 14 DG and 19 DG, differences between periods in each group are noted.
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Fig.5. Tie-2 expression in the decidua of rats of the control, hypothyroid and T4-treated. (A) Immunohistochemical expression of Tie-2 
in the decidua at 10 DG with increased Tie-2 immunostaining intensity in the lateral region of the mesometrial decidua from the hy-
pothyroid group compared with the control group. (B) Immunohistochemical expression of Tie-2 in the decidua at 14 DG with there 
were not significant changes between groups. (C) Immunohistochemical expression of Tie-2 in the decidua at 19 DG with increased 
intensity and area of Tie-2 immunostaining in the basal decidua and metrial gland of tissues from the hypothyroid group compared 
with the control group (*P<0.05; streptavidin-biotin-peroxidase counter-stain hematoxylin, Bar=200μm). (D) Immunostaining inten-
sity and area of Tie-2 expression in the decidua of rats 10 DG, 14 DG and 19 DG, differences between periods in each group are noted.
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cardiac output, renal blood flow and glomerular filtration 
rate (Frederiksen 2001).

The reduction in the area of the decidua caused by hy-
pothyroidism may occur because of the delay in the diffe-
rentiation of interstitial fibroblasts to decidual cells in the 
absence of trophic stimulation by thyroid hormones (Ken-
nedy & Doktorcik 1988, Galton et al. 2001). The decidua 
is a highly specialized area that forms during pregnancy 
and initiates its progressive regression during the middle 
of gestation until delivery and slightly thereafter. The re-
duction in this area can affect the proper development of 
the placenta (Ashkar & Croy 1999). This change could be 
involved in the genesis of low birth weight and placental 
changes observed in rats with hypothyroidism and in rats 
treated with the same PTU doses used in this present study 
(Silva et al. 2012).

Interestingly, despite a reduction in the area of the deci-
dua, hypothyroidism increased VEGF and Tie-2 expression 
in the lateral region of the mesometrial decidua during the 
first third of gestation without changing the number of 
blood vessels. It is known that the process of neovasculari-
zation and vascular remodeling in the maternal-fetal inter-
face occurs intensely during the middle period of gestation 
to support blood flow in the developing fetus and to allow 
for the proper formation of the placenta (Plaisier 2011). 
Tie-2 is the receptor of angiopoietins 1 and 2, which exert 
antagonistic actions. Ang-1 promotes vascular stability and 
increases the diameter of blood vessels. However, Ang-2 
expression can be induced by hypoxia, reduces adhesion 
between endothelial cells and increases the vascular dia-
meter to yield a more complex vasculature and increase the 
number of branches (Plaisier 2011). Thus, based on the fact 
that Tie-2, when stimulated by Ang-1, promotes vascular 
stability (Plaisier 2011), our hypothesis is that its increase 
to 10 DG in hypothyroid rats can slow vascular remodeling.

Vascular remodeling is characterized by the processing 
of blood vessels in the mesometrial decidua region (Pijnen-
borg et al. 1980). The uterine spiral arteriole passes from 
fine vessels and prominent muscles to dilated vessels, whi-
ch are flabby and do not have maternal vasomotor control 
(Pijnenborg et al. 1980, Smith et al. 2009). This process 
is accompanied by the loss of smooth muscles in arteries 
and endothelial cells, which are replaced by extravillous 
trophoblasts and are supported on a fibrinoid amorphous 
matrix (Pijnenborg et al. 1980, Smith et al. 2009, Plaisie 
2011). A delay in vascular remodeling in the decidua re-
gion can occur in early pregnancy and is associated with 
hypoxia and placental stress (Jauniaux et al. 2000, Myatt & 
Cui 2004, Plaisier et al. 2007, Douglas et al. 2009, Plaisier 
2011). Previous studies have demonstrated that hypoxia 
stimulates VEGF expression induced by hypoxia inducible 
factor 1α (HIF1α) expression (Adelman & Gertssenstein 
2000, Plaisier 2011). During early gestation, there are pe-
riods of hypoxia with high VEGF expression until 10 DG. 
After this period, at 14 DG there is a reduction in VEGF 
expression in all experimental groups, as we observed in 
this present study, which can be explained by a reduction in 
hypoxia, which also occurs physiologically (Plaisier 2011). 
Furthermore, from 14 DG, the decidua begins its regression 

(Picut et al. 2009). Another important factor observed by 
Silva et al. (2014) was the reduction of trophoblastic inva-
sion of the maternal-fetal interface occurred in hypothyroid 
rats. Reduced intrauterine trophoblastic migration results 
in impaired vascular remodeling, hypoxia and placental 
stress (Lala & Chakraborty 2003, Plaisier 2011, James et 
al. 2012). Importantly, decidual cells promote a uterine en-
vironment that is resistant to oxidative stress (Adelman et 
al. 2000, Red-Horse & Zhou 2004, Plaisier 2011). Changes 
in decidual cell populations and the pattern of gene ex-
pression are related to the reduction of the area of decidua 
(Ashkar & Croy 1999), as we observed in the hypothyroid 
group. Hence, a reduced decidual area can also cause hypo-
xia and placental stress. Therefore, it has been suggested 
that a hypoxic environment can promote not only increa-
sed VEGF expression at 10 DG in hypothyroid rats but also 
the expression of VEGF and its Flk-1 receptor at 14 DG. This 
occurs because Flk-1 expression is self-regulated and sti-
mulated by VEGF (Plaisier et al. 2007, Douglas et al. 2009, 
Plaisier 2011, Kim et al. 2013).

Another hypothesis to explain the increase in VEGF ex-
pression at 10 DG and 14 DG in decidual cells in hypothyroid 
animals is that retention of this protein in the cytoplasm 
occurs because of a failure in the release mechanism. Rats 
with hypothyroidism have a defect in the formation of the 
cytoskeleton in neurons and astrocytes, which causes the 
retention of protein synthesis products in the cytoplasm 
of these cells (Cheng et al. 2010), and might have occurred 
during decidua development. However, more research will 
be need to confirm this hypothesis.

Although increased VEGF expression in T4-treated rats 
was not observed, there was an increase in Flk-1 expres-
sion at 10 DG. The increase in Flk-1 expression may lead to 
greater activity of both PlGF and VEGF, which favors vascu-
lar permeability and/or increased vessel formation (Plai-
sier et al. 2007, Plaisier 2011, Vasilopoulou et al. 2014). Im-
portantly, rats with excess T4 exhibited a greater number of 
blood vessels in the region of decidua at 10 DG and 19 DG. 
It is possible that increased expression of Flk-1 in decidual 
cells may result from the paracrine stimulation of inters-
titial VEGF synthesized by trophoblast cells, as Silva et al. 
(2015) demonstrated increased expression of VEGF and 
PlGF in trophoblastic cells of the placental disk of T4-trea-
ted rats at 10 DG. Increased VEGF acts through its receptor 
in the middle stage of gestation to promote hematotrophic 
support to the fetus (Reynolds et al. 2010). This could par-
tially explain why the increased number of viable fetuses 
with a uniform weight can be observed in hyperthyroid 
pregnant rats (Freitas et al. 2007).

The reduction of VEGF and Flk-1 in the decidua of the 
hypothyroid group at 19 DG corroborates the findings of 
Silva et al. (2015) who described reduced VEGF expression 
in the placental disc at 19 DG, in addition to increased gene 
expression of protein related to proliferin (rPlf), an anti-
-angiogenic factor. It is thought that the low expression of 
these factors can also favor low placental and fetal weights, 
which were exhibited by these animals (Smith et al. 2009, 
Silva et al. 2015), as the greatest increase in the body weight 
of a fetus occurs during the late stages of gestation (Baker 
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et al. 1993). However, the greatest expression of Tie-2 in 
hypothyroid animals at 19 DG can also promote a delay in 
delivery, which was observed in animals with hypothyroi-
dism (Hapon et al. 2003, Pickard et al. 2003). At the end of 
gestation, there is a reduction in the expression of Ang-2. 
Moreover, the process of early vascular regression at the 
maternal-fetal interface is necessary for the occurrence of 
delivery (Yuan & Lin 2004). As Ang-2 promotes protection 
of the microvasculature and delayed apoptosis of endothe-
lial cells (Yuan & Lin 2004), it is likely that increasing its 
activity in the decidua, by increasing Tie-2 expression in 
hypothyroid animals, can slow vascular regression by the 
end of gestation, therefore also delaying the delivery.

However, by 19 DG, the T4-treated rats also exhibited 
reduced expression of VEGF and Flk-1 in the decidua and 
metrial gland. A similar result was also found in the placen-
tal disk of T4-treated rats of the same gestational age (Silva 
et al. 2015). Under normal conditions, VEGF and Flk-1 ex-
pression are reduced throughout gestation (Jackson et al. 
1994), as we observed in this present study. Furthermore, 
previous studies have shown that the reduction of placen-
tal VEGF expression below physiological levels is related to 
preterm births in women (Kramer et al. 2005, Chaiwora-
pongsa et al. 2009, Andraweera et al. 2012). One hypothe-
sis is that the reduction of VEGF and Flk-1 in the decidua 
and metrial gland of rats with excess T4 is one of several 
mechanisms that can operate to trigger early delivery in 
hyperthyroid rats (Navas et al. 2011).

CONCLUSIONS
Hypothyroidism reduces the area of the decidua and in-

creases the expression of VEGF, Tie-2 and Flk-1.
The excess of T4 promotes tissue angiogenesis by incre-

asing the number of vessels in the decidua because of the 
increased expression of Flk-1.
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