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Abstract: Thyroid status is an important determinant of cardiovascular function. We studied the changes in the aorta
of hypothyroid rat at the post-pubertal stage, in addition to the ameliorating role of folic acid. Fifty male albino rats
were equally divided into five groups; the first and second groups were the control and folic acid groups, respectively
while the third group was the hypothyroid group in which rats received 6-n-propyl thiouracil (PTU) in drinking water
for 6 weeks to induce hypothyroidism. The fourth and fifth groups were co – and post hypothyroid rats treated with
folic acid for four weeks. Aorta in hypothyroid rats revealed normal histological structure except the layer of tunica
media where compressed with elongated nuclei and less in thickens than that of the control groups. The eNOS label
index was significantly decreased in hypothyroid rats and their levels were significantly increased in co- and post
treated hypothyroid rats when compared with hypothyroid rats. The current study indicated that, folic acid as a
treatment was better if it is administered as an adjuvant after returning to the euthyroid state. Treatment of
hypothyroidism with folic acid improved the histopathological alternation and depresses the intensity of eNOS
immunoreactive cells demonstrating the recovery of some injury.
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believed to be diminished in hyperthyroidism (Majors
et al., 1997; Guo et al., 2009).
Folic acid is essential to numerous body functions
ranging from nucleotide biosynthesis to the
remethylation of homocysteine (Matte et al., 2007;
Bazzano, 2009). Children and adults both require folic
acid in order to produce healthy red blood cells and
prevent anemia. Folic acid can be used to help treat
Alzheimer's disease, depression, anemia, and certain
types of cancer (Zhu et al., 2007). There is little
information about the relation between hypothyroidism
and the changes in aorta structure. So, the present study
represents a contribution to declare the effect of low
thyroid hormone status on the histopathological and
eNOS immunoreactivity (eNOS-ir) changes in the aorta
of hypothyroid rat at the post-pubertal stage, in addition
to the ameliorating role of folic acid.

1. Introduction
In mammals, thyroid hormones have marked
effects on the growth, development, and metabolic
function of virtually all organs and tissues (Ahmed et
al., 2008; Toshihiro, 2010; Tousson et al., 2011a, b).
Thyroid status is also an important determinant of
cardiovascular function (Luboshitzky and Herer,
2004; Toruner et al., 2008). Hypothyroidism means
that the thyroid gland can’t make enough thyroid
hormone to keep the body running normally (Adrees et
al., 2009). Thyroid hormone lowers systemic vascular
resistance, increases blood volume, and has inotropic
and chronotropic effects on cardiac function (Stănescu
et al., 2007; Neves et al., 2008).
Thyroid hormones exert important effects on the
cardiovascular system, including effects on cardiac
systolic and diastolic function, peripheral vascular
resistance, and arrhythmogenesis. It is well established
that hypothyroidism induces a hypodynamic
cardiovascular state (Fazio et al., 2004). Hypothyroid
patients have low output circulation state, decreased
stroke volume, decreased vascular volume, and
increased systemic vascular resistance (Jiskra et al.,
2007; Owen et al., 2007). Previous studies showed that
coronary artery atherosclerosis is twice as common in
patients with hypothyroidism as in sex- and agematched controls, and the atherosclerotic process is

2. Material and Methods
The experiments were performed on fifty male
albino rats (Rattus norvigicus) weighing 120±10g and of
6-7 week’s age. They were obtained from our laboratory
farms, Zoology Department, Faculty of Science, Tanta
University, Egypt. The rats were kept in the laboratory
for one week before the experimental work and
maintained on a standard rodent diet (20% casein, 15%
corn oil, 55% corn starch, 5% salt mixture and 5%
vitaminzed starch; Egyptian Company of Oils and Soap
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Kafr-Elzayat Egypt) and water available ad libitum. The
temperature in the animal room was maintained at
23±2ΟC with a relative humidity of 55±5%. Light was
on a 12:12 hr light -dark cycle. The experimental
protocol was approved by Local Ethics Committee and
Animals Research.
The rats were randomly and equally divided into
five groups (10 animals each). Group I: (G1) Control
group in which animals did not received any treatment.
Group II: (G2) Folic acid group in which animals
received daily folic acid (El Nasr Pharmaceutical
Chemicals Co.; at 0.011 µmol/g of body weight) for
four weeks from 2nd week to 6th week (Matte et al.,
2007). Group III: (G3) Hypothyroid rats group in which
rats received daily 0.05% 6-n-propyl-2-thiouracil (PTU)
in drinking water for 6 weeks (Salvati et al., 1994).
Group IV: (G4) Co-treated group in which animals daily
received 0.05% PTU in drinking water and folic acid
simultaneously according to Matte et al. (2007). The
dose period of PTU was six weeks as in hypothyroid
rats group. However, folic acid was administered orally
for 4 weeks starting with the 2nd to the 6th week after
evidence that hypothyroidism had been established at
the end of the second week. Group V: (G5) Post treated
group in which animals received daily 0.05% PTU in
drinking water for 6 weeks as in hypothyroid rats group.
Additionally, folic acid was administered for another 4
weeks (starting with the 7th week to the 10th week) while
PTU was withdrawn after the sixth week to return to the
euthyroid state.
At the end of the experimental period, rats were
euthanized with intraperitoneal injection with sodium
pentobarbital and subjected to a complete necropsy.
Blood samples were individually collected from the
inferior vena cava of each rat and serum was separated
from non heparinized blood by centrifugation at 3000
rpm for 15 minutes. The collected serum used to
determine both T3 and TSH by using commercial test
supplied by the Diagnostic systems Laboratories (DSL),
Taxes, USA. and commercial Kit supplied by Coat-ACount TSH IRMA, Los Angeles, USA.
The thorax was opened with surgical incision on the
sternum and the perfusion was done from left ventricle
and right atrium. A rinsing solution was perfused before
the fixation solution (10% formalin). To make rinsing
solution, 9.0g NaCl, 25g Polyvinyl Pyrrolidone, 0.25g
Heparin, and 5.0g Procain-HCL were dissolved in one
liter of water by thorough stirring. The pH was adjusted
to 7.35 with 1 N NaOH and twice filtered through
Millipore filters of 3.0 μm or less pore size. The
perfusion of both solutions was performed by using a
scalp vein attached to a 50cc syringe. Small pieces
(1mm) of aorta were immediately removed taking care
to handle specimens gently to minimize trauma to
fixative solution. The fixed aorta were dehydrated
through a graded series of ethanol and embedded in
paraffin according to standard procedures. Paraffin

sections (5μm thick) were mounted on gelatin
chromalum–coated glass slides and stored at room
temperature until used for Haematoxylin and eosin
stains as a routine method after Bancroft and Stevens
(1990).
The distribution of eNOS in aorta section from
different groups were examined in deparaffinized
sections using an Avidin-Biotin-Peroxidase (ABC)
immunohistochemical method (Elite–ABC, Vector
Laboratories, CA, USA) against eNOS (dilution 1:400,
DAKO Japan Co, Ltd, Tokyo, Japan) were employed.
Briefly, sections were deparaffinized, rehydrated,
washed in phosphate buffered saline (PBS) (3 x 5 min)
and peroxidase activity was quenched using 0.3% H2O2
in methanol for 30 min. Subsequently, samples were
washed in PBS and incubated with blocking solution at
room temperature for 10 min. After rinsing with PBS,
sections were incubated with biotinylated mouse antieNOS primary antibody in moist chamber for 30-60 min
and then rinsed with PBS. Samples were incubated with
Streptavidin Peroxidase at room temperature for 10 min
and washed with PBS. The antibody-peroxidase
complex was developed using DAB chromogen at 1824◦ C for 2-5 min. Finally, the sections were washed with
PBS, counterstained with methyl blue for 1 min, washed
with tap water then dehydrated through ascending
grades of alcohol, delipidated in xylene, and coverslipped with Mount-Quick (Daido Sangyo, Tokyo). All
stained slides were viewed by using Olympus
microscope and images were captured by a digital
camera (Cannon 620). Image analysis was adjusted
using PAX-it image analysis software.
Statistical Analysis: Data were expressed as mean
values ± SE and statistical analysis was performed using
one-way analysis of variance (ANOVA) to assess
significant differences among treatment groups. The
criterion for statistical significance was set at p<0.05.
All statistical analyses were performed using SPSS
statistical version 16 software package (SPSS® Inc.,
USA).
3. Results:
In order to ensure the hypothyroid state we
regularly determined the serum T3 and TSH through the
dose period. Table (1) showed that the serum T3 levels
in hypothyroid rats were significantly decreased
compared with the control group. T3 levels in treated
hypothyroid rats with folic acid were significantly
increased compared with the hypothyroid groups. Table
(1) showed that the serum TSH levels were significantly
increased in hypothyroid rats when compared with the
control group. TSH levels in treated hypothyroid rats
with folic acid were significantly decreased compared
with the hypothyroid groups
Light microscopy of the aorta in control rat and
folic acid group showed normal aortic wall structure
(Figs.1-4). The aorta is the largest artery in the body,
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rising from the heart's major pumping chamber, the left
ventricle. Oxygen-rich blood enters the aorta with each
contraction of the left ventricle and travels throughout
the body through the smaller arteries branching from it.
The walls of the aorta are made up of three different
layers of tissue: a thin inner layer (intima); a thick,
elastic middle layer (media); and a thin outer layer
(adventitia). Tunica intima consisted of endothelial
layer, subendothelial connective tissue and internal
elastic lamina. Tunica media consisted of smooth
muscle arranged in concentric layers. Thickens of tunica
media in control and folic acid groups were 53.2µm
±0.55 and 48.7µm ±0.45 respectively. Tunica adventitia
consisted of loose connective tissue surrounded by
subepicardial adipose tissue. Aorta in hypothyroid rats
revealed normal structure except the tunica media where
compressed with elongated nuclei and about 27.4 µm
±0.68 in thickens (Figs. 5, 6). Treating hypothyroid rats
with folic acid showed compressed tunica media that is

about 38.8 µm ±0.49 in thickens while the thickens were
52.6 µm ±0.51 in the aortic sections in post treatment
hypothyroid rat with folic acid (Figs. 7-10).
The detection and distribution of eNOS
immunoreactivity (eNOS-ir) in aorta in the different
groups under study were revealed in figures 11-18. Only
intima layer in aorta showed positive reaction for eNOSir (grade 4) in both control and folic acid groups (Figs.
11-13) while the media and adventitia layers were
showed negative reaction for eNOS-ir. The intensity of
eNOS -ir were decreased in the intima layer in aorta of
hypothyroid rat group (Figs. 14, 15) when compared
with control group. The intensity of eNOS -ir was
gradually increased in the intima layer in aorta of cotreated (grade 1) and post treated (grade 2) hypothyroid
rat with folic acid (Figs. 16-18) when compared with
hypothyroid rat group. Table (2) showed the correlation
between eNOS and other parameters under study.

Table 1: Changes in the concentration of T3 (ng/dl) and TSH (µIU/ml) levels in the plasma of different groups under study.
T3
TSH

G1
147±22.37 a
0.02±0.03 a

G2
148±23.52 a
0.15±0.124 a

G3
57.7±6.89 b
3.90±0.513 b

G4
40±6.89 b
5.37±0.462 c

G5
142.7±22.11a
0.06±0.026 a

Data are expressed as mean ± SE of five observations. a, b, c and d: Means in the same raw with different superscript are significantly
different (P≤0.05). where G1 , Control group; G2 , Folic acid group; G3 , Hypothyroid rats group; G4 , Co-treatment group; G5 , Post
treatment group.

Figures 1-10: Photomicrographs of the rat aorta stained by HE. The walls of the aorta are made up of three different layers of tissue:
tunica intima (black arrowheads); tunica media (arrows) and tunica adventitia (stars). 1: Normal structure in aorta in control group.
2: A thick and elastic middle layer (tunica media) in aorta (arrows) in control group. 3&4: normal aortic wall structure in folic acid
group. 5&6: Severe compressed tunica media with elongated nuclei in the aorta in hypothyroid rats. 7&8: Mild compressed tunica
media with elongated nuclei (arrow heads) in the aorta in co-treating hypothyroid rats with folic acid. 9&10: A few compressed
tunica media with normal nuclei in the aorta in post treatment hypothyroid rat with folic acid. L, lumen;

157

Journal of American Science, 2012;8(3)

http://www.americanscience.org

Figures 11-18: Photomicrographs of the rat aorta showed the detection and distribution of eNOS immunoreactivity (eNOS-ir) in the
different groups under study. 11-13: Intima layer (arrows) in aorta showed positive reaction for eNOS-ir (grade 4) in both control
and folic acid groups. 14&15: Decreased (grade 0) in the intensity of eNOS-ir in the intima layer in the aorta of hypothyroid rat
group. 16&17: Few increased in the intensity of eNOS-ir in the intima layer in aorta of co-treated (grade 1) hypothyroid rat with
folic acid. 18: Mild increased in the intensity of eNOS -ir in the intima layer in aorta of post treated (grade 2) hypothyroid rat with
folic acid.

was withdrawn after 4 weeks as the levels of the T3 and
TSH tend to be nearing normal levels.
Thyroid hormones exert important effects on the
cardiovascular system, including effects on cardiac
systolic and diastolic function, peripheral vascular
resistance, and arrhythmogenesis. Thyroid hormones
have marked effects on the growth, development, and
metabolic function of virtually all organs and tissues
(Jiskra et al., 2007; Toshihiro, 2010). The present
histopathological results showed that, the aorta in
hypothyroid rats revealed normal histological structure
except the layer of tunica media where compressed
with elongated nuclei and less in thickens than that of
the control groups. Also, treating hypothyroid rats with
folic acid during PTU receiving showed less increased
in tunica media thickens while the thickens were more
increased in post treatment hypothyroid rat with folic
acid. Our results agreed with Neves et al. (2008) who
reported that the thyroid hormones play an important
role in the regulation of blood pressure. Atrial
arrhythmias, limitations in exercise tolerance and
congestive heart failure are reported to occur as a result
of hyperthyroidism. Folic acid can ameliorate vascular
disease through varied mechanisms. Folic acid exerts

4. Discussion
This study showed the structural status of the
aorta during the hypothyroidism in post-pubertal rats.
In contrast to most studies in this field, this study
induced the hypothyroid condition during puberty and
not immediately after birth. In order to achieve this
target we made a deficient state of thyroid hormones
by a reversible goitrogen that known to decrease the
conversion of peripheral Thyroxine (T4) to T3 and
thereby reduce serum T3 concentration and it was
administered to the rats in the drinking water within a
period of six weeks (Gilbert and Paczkowski, 2003).
In order to ensure the hypothyroid state we regularly
determined the serum T3 and TSH through the dose
period where serum T3 concentration is depressed and
serum TSH concentration is significantly elevated in
rats receiving PTU-induced hypothyroidism. This
increase in TSH can be explained by decreased
production of T3 from the thyroid gland that minimizes
TSH feedback inhibition resulting in an increase in its
secretion by the anterior pituitary gland; this result
coincides with studies of Shibutani et al. (2009). In
the present study, the effect of PTU on T3 and TSH
seems to be reversed in adult rats when the treatment
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an important role over homocysteine catabolism, by
methyl group donation in remethylation pathway to
methionine (Brosnan et al., 2004).
Our immunohistochemical results supported the
biochemical and histopathological results. In the
present study, the intensity of eNOS-ir was decreased
in the intima layer in aorta of hypothyroid rat group
when compared with control group. Also, the intensity
of eNOS-ir was gradually increased in the intima layer
in aorta of co-treated (grade 1) and post treated (grade
2) hypothyroid rat with folic acid when compared with
hypothyroid rat group. Also, the present results
revealed that, folic acid treatment was better if it is
administered as an adjuvant after returning to the
euthyroid state by withdrawing PTU from the drinking
water. If confirmed in human beings, our results could
propose that the supplementation of folic acid can be
used as an adjuvant therapy in hypothyroidism
disorders.
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