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INTRODUCTION 
Arterial hypertension is a pathological condition that is accompa-
nied by a constant or periodic increase in blood pressure in com-
parison with the age norm. According to statistics, one fifth of the 
adult population of the world suffers from arterial hypertension [1].

In most cases, arterial hypertension is secondary to diseases 
of the kidneys, cardiovascular, endocrine conditions. Among 
the latter a significant place belongs to hypothyroidism, a dis-
ease caused by a deficiency of hormones of the thyroid gland 
in the body, or a decrease in their biological effect at the tissue 
level [2]. Arterial hypertension is found in 10-30% of patients 
with hypothyroidism, and disorders of hemomicrocirculation 
play an important, and sometimes crucial, role in its pathogen-
esis [3, 4, 5]. Since there is evidence of the difference between 
the clinical manifestations of hypothyroidism and arterial 
hypertension, depending on age [6, 7] we were interested in 
the difference in morphofunctional changes in these diseases. 

THE AIM
The study of changes in the ultrastructure of blood circu-
latory capillaries of the myocardium of mature rats with 
hypothyroidism and arterial hypertension.

MATERIALS AND METHODS
Experiments were carried out on 30 white rats, which were 
under standard vivarium conditions of the Bogomolets 
National Medical University. The adult 240-day rats of the 
ISIAH line (10 rats) and the Wistar rats with congenital hy-
pothyroidism (10 rats) were studied. Control was provided 
by intact rats (10 rats) of the Wistar line of the same age.

Pregnant female rats were administered with thyreostatic 
drug – Mercazolil beginning from the 14th day of perinatal 
development, in order to simulate congenital hypothyroid-
ism by inhibiting functioning of thyroid gland. Mercazolil 
was received by animals with mother milk right after birth 
and with self-feeding later. Throughout the study the daily 
dose of the thyreostatic drug was 20 mg / kg of body weight. 
Water was used as a solvent. The immune-enzymatic meth-
od on the Sunrise RC device, TEKAN was used to control 
the development of hypothyroidism in both control and 
hypothyroidic rats after removing from the experiment. 

Arterial hypertension was studied on ISIAH (inherited 
stress-induced arterial hypertension) line rats with AH 
(arterial hypertension) which serve as a model of human 
hypertensive disease [8, 9, 10]. Experiments with animals 
were carried out in accordance with the Law of Ukraine “On 
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protection of animals from cruelty” (2006), “General ethical 
principles of animal experiments”, adopted by the First Na-
tional Congress on Bioethics (Kiev, 2001) and in accordance 
with the requirements of the “European Convention for the 
Protection of Vertebrate Animals Used for Experimental and 
other Scientific Purposes” (Strasbourg, 1985). Measuring of 
arterial pressure, morphometric studies, electron microscopic 
examination were conducted as described in the previous 
article on study of cardio-vascular system [11, 12, 13, 14].

Plethysmograph was used to measure AP (arterial 
pressure) of rats from all experimental groups when they 

were removed from the experiment. The left ventricular 
myocardium of rats from the experimental group was 
studied using electron microscopy. The commonly accept-
ed techniques of electron microscopic study were used to 
process the material [15]. Ultratome Reihart (Austria) was 
used to make ultrathin sections which were later studied 
with electron microscope PEM-125K.

The application “Organelle” was used to process the 
data of morphometric studies, which were conducted on 
a semi-automatic device for graphic research. Micropino-
cytotic vesicles (MPV) were analyzed using such charac-
teristics as cross-section area, volumetric and quantitative 
densities and form factor. The Student parametric and the 
Kolmogorov-Smirnov nonparametric criterions were used 
for statistical processing of all received data according to 
the variation statistics principle.

RESULTS 
Arterial pressure in 240-day-old rats with arterial hyperten-
sion was 151.2 ± 5.3 mm Hg while in rats with congenital 
hypothyroidism – 136,2 ± 4,3 mm Hg that is statistically 
significantly more than in intact rats – 117,6 ± 4,2 mmHg 
(Table I). At the same time, in rats with arterial hyperten-
sion, the pressure was significantly higher in each animal. 

240-day-old rats with arterial hypertension showed 
domination of blood capillaries with somewhat diminished 
lumen diameter comparing to age-control. The walls of 
some capillaries formed folds, which may be the result of 
increased contractility of cardiomyocytes, and as a result 
– a decrease in the lumen of the vessels. As a rule, accumu-
lations of formed elements of blood were found in these 
lumens, that significantly impaired the circulation of blood. 

The internal contour of hemocapillaries was fairly even 
due to the absence of microvilli and invaginations on their 
luminal surface (Fig. 1). In blood capillaries, endothelial 
cells of slightly elevated electron density alternated with 
electron-transparent cells (Fig. 1).

Table I. Changes of arterial pressure figures
240 days

Control AH CHT

Arterial pressure, 
mm Hg 117,6±4,2 151,2±5,3* 136,2±4,3*,**

Note: * – р<0, 05 in comparison with the data of the Control;
** – р<0, 05 in comparison with the data of group with the other model.

Fig.1. Blood capillary of left ventricle of myocardium in 240-day-old rat 
with AH. Electron microscopic photo. Magn.: 12000. Macrophage (1), 
collagen fibers (2) in the perivascular space.

Fig.2. Blood capillaries of the left ventricle myocardium in 240-day rat 
with CHT. Microclasmatic outgrowths (1) in endothelial cells (2). Electron 
microscopic photo. Magn.: 22000. 

Fig.3. Blood capillaries of the left ventricle myocardium in 240-day rat 
with CHT. Electron microscopic photo. Magn.: 23000. Light (1) and dark 
(2) endotheliocytes.
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The former, as in the age control, had thinned peripheral 
areas, and the increase in electron density occured due to 
the accumulation of the electron-dense material in the 
cytoplasm. Electron-transparent cells had a wider endo-
thelium and reflected different stages of lysis and edema 
of cells. Increased number of edematous endothelial cells 
indicated deterioration of hemomicrocirculation. 

The nuclei of both types of endothelial cells had an 
elongated, sometimes irregular shape. Perinuclear space 
in general was not extended. Euchromatin was evenly 
distributed around the karyoplasm.

In comparison with age-control, the number of elements 
of the rough endoplasmic reticulum and ribosomes in the 
cytoplasm of endothelial cells decreased, there were almost 
no secretory vesicles. Swollen mitochondria of different 
size, oval and rounded shape with lysed cristae and un-
evenly cleared matrix were observed. Endothelial cells were 
interconnected with junctions of different length, where 
the open areas alternated with dense, so-called, oblitera-
tion spots. Basal membranes of capillaries were expanded 
due to the dissolution of their fibrillar components. Dense 
bundles of collagen fibers and immune-competent cells, 
in particular, macrophages, accumulated in the extended 
perivascular spaces. 

In the myocardium of 240-day rats with congenital hypo-
thyroidism, the number of blood capillaries was significant-
ly reduced compared with age control. Endothelial cells in 
these microvessels were altered: some of them changed in 
the dark type, others – in the light, and they alternated with 
each other. There were also endothelial cells, the cytoplasm 
of which had both electron-dense and electron-transparent 
portions. The lumen surface of the latter and of the dark en-
dothelial cells formed deep invaginations and outgrowths, 
some of which became microclasmatic and desquamated 
into the lumen (Fig. 2). Electron-dense areas were formed 
by finely dispersed material, which lacked organelles. Single 
mitochondria, as a rule, had a lysed matrix and cristae. 
Nuclei of such cells had deep invaginations; the karyoplasm 
had a spotty appearance. 

Electron-transparent endothelial cells had an insignifi-
cant thickness of peripheral regions, mostly devoided of 
organelles, with the exception of the micropinocytotic 
vesicles. The latter were also observed in some cells (Fig.3.). 
Given that these endothelial cells were not dilated, we can 
assume that enlightenment of the cytoplasm was associated 
with its lysis, and edema was not inherent to them.

Morphometric analysis of micropinocytosic vesicles in 

rats at 240 days showed a significant increase in the average 
area of these vesicles, compared with age control. It hap-
pened, most likely, due to the merging of some of them, as 
well as prevailing processes of inhibition of its formation. 
Micropinocytotic vesicles, as in the control, were located 
on both basal and luminal surfaces, and freely around the 
cytoplasm. Morphometric analysis showed their significant 
quantitative changes (Table 2). 

Thus, the volumetric density of the micropinocytotic ves-
icles in the endothelial cells of rats with arterial hyperten-
sion was 9.66 ± 1.01%, which is statistically significantly less 
than that of normotensive rats (16.81 ± 2.16%), and even less 
than in animals with congenital hypothyroidism (10.54 ±  
1.12%). In contrast to the index of intact rats (335.3 ±  
71.7 per 1 µm3), their quantitative density decreased al-
most 6 times, which was 56.5 ± 7.2 per 1 µm3, in rats with 
congenital hypothyroidism this index was 69.3 ± 8.3 per 1 
µm3. The average area of the cross-section of micropino-
cytotic vesicles in the endothelial cells of hypertensive rats 
statistically significantly increased almost twice to 1.17 ±  
3.610-2 μm2 comparing to intact rats (0.52 ± 0.02-2 μm2) 
and rats with СHT (0.97 ± 0.02 10-2 μm2). They became 
more rounded as evidenced by the index of the form factor 
(0.83 ± 0.01), which became closer to 1,00. An increase in 
the area of the vesicles may be due to the fact that vacuolar 
formations participated in the transfer of substances from 
lumen to interstitium and vice versa. The form factor of 
micropinocytotic vesicles in endothelial cells in rats with 
congenital hypothyroidism was 0,85 ± 0,01, that is, they 
also became more rounded.

DISCUSSION 
In 240-day-old rats with spontaneous arterial hypertension, 
and with congenital hypothyroidism, an impairment of 
compensatory processes in the blood capillaries of the myo-
cardium were marked. The nature of the changes in both 
experimental groups had common features and differences.

The common features included: firstly, a decrease in 
the number of blood capillaries; and secondly, circulation 
disturbance as well as blood and ultrastructural signs 
of hypoxic condition, as evidenced by the presence of 
erythrocytes, platelets and fine-dispersed material in the 
lumen of the capillaries; thirdly, a significant decrease 
in the functional activity of endothelial cells, a sign of 
which is a decrease in the number of organelles of the 
biosynthetic plan (mitochondria, polysomes, endoplasmic 

Table II. The morphometric indexes of micropinocytotic vesicles in endothelial cells of myocardial circulatory capillaries 
Indexes Control Rats with AH Rats with CHT

Volumetric density, % 16,81±2,16 9,66±1,01* 10,54±1,12*

Quantitative density, 1/ μm3 335,3±71,7 56,5±7,2* 69,3±8,3*

Average area, 10-2 μm2 0,52±0,02 1,17±0,03* 0,97±0,02*,**

Form factor 0,78±0,01 0,83±0,01* 0,85±0,01*

Note: * – р<0, 05 in comparison with the data of the Control;
** – р<0, 05 in comparison with the data of group with the other model.



Svetlana N. Chuhray et al. 

2212

reticulum, Golgi complex) and structures involved in the 
transendothelial transfer of substances – micropinocytotic 
vesicles; fourthly, lysis and edema of endothelial cells; fifth, 
perivascular edema, which is mucinous, that is confirmed 
by the accumulation of fine-fibrous structures, which are 
likely proteoglycans and glycoproteins, collagen fibers, 
cellular detritus. Morphological signs of a hypoxic state 
are explained by various pathogenic mechanisms [16], 
oxidative stress may lead to reduced bioavailability of 
nitric oxide [17], increased production of endothelin-1 
[18], elevated intracellular Ca2+ [19], vascular remodeling 
[20] or renal pathologies [21], which directly or indirectly 
promote vasoconstriction and blood pressure elevation 
[22]. Therefore, it is worth pursuing in the future studies to 
investigate the impact of hypothyroidism-like mechanisms 
of hypertensive conditions. 

As known, Triiodothyronine affects the hemodynamic 
state mainly by its influence on the expression of cardio-
myocyte genes, which encode both structural and regulato-
ry proteins in the heart (myosin heavy chains, sarcoplasmic 
reticulum calcium-activated ATP-ase, phospholamban) 
and other intracellular mechanisms of thyroid hormone 
action in the cardiomyocytes [23].

The main differences in the ultrastructural organization of 
myocardial blood capillaries in 240-day-old rats with hyper-
tension and rats with congenital hypothyroidism were more 
prevalent and expressive destructive-dystrophic changes in 
the latter as well as the presence of endothelial cells that are 
at different stages of apoptosis. Such differences are due, ap-
parently, to the fact that in rats with congenital hypothyroid-
ism, arterial hypertension develops against the background 
of deficiency of thyroid hormones and calcitonin. The fact 
that hyperthyroid rats develop apoptotic altered endothelial 
cells during the development of hypothyroidism is another 
indication that the main trigger mechanism for apoptosis 
is the receptor pathway. That is, in rats with uncorrected 
congenital hypothyroidism, the death of endothelial cells 
occurs in two ways – apoptosis and necrosis. Thus, thyroid 
hormone changed cardiovascular hemodynamics. 

The literature informs that the aging is associated with 
alterations in the hypothalamic-pituitary-thyroidal axis 
which can lead to hypothyroidism. Increase in the per-
centages of large follicles and significant decrease in FT3 
level was observed in 18-month-old rats in comparison to 
3-month ones [21].

CONCLUSIONS
In rats of mature age (240 days) with arterial hypertension 
and congenital hypothyroidism there is a breakdown of 
compensatory processes in the capillaries of the myocardi-
um. This is manifested by the further dilution of capillaries, 
the development of hypoxic state and mucinous edema of 
interstitium in them, the decrease of activity of biosynthetic 
and transport processes. At the same time, the expressive-
ness and prevalence of these processes, as in all previous 
periods of observation, is greater in rats with congenital 
hypothyroidism than in rats with arterial hypertension. 
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