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INTRODUCTION
Arterial hypertension is one of the most common car-
diovascular disease syndromes. The total frequency of 
various forms of arterial hypertension (AH) is about 30% 
of the adult population of Ukraine. As a rule, arterial hy-
pertension develops gradually and proceeds chronically, 
has its age characteristics. Over the past decades, arterial 
hypertension has significantly “youthened” and, accord-
ing to many researchers, begins to be formed notably in 
childhood.

In research of the structural fundamentals of arterial 
hypertension, the main attention was paid to the study of 
cardiomyocytes and major blood vessels [1-2] At the same 
time interesting, from our point of view, is the state of small 
blood vessels, because the capillary circulation provides the 
main function of the microcirculatory bloodstream – the 
exchange of substances between blood and tissues. Thus, 
the state of blood microcirculation can serve as the arbiter 
of the well-being of systemic hemodynamics.

THE AIM
The aim of the study was to clarify the general patterns 
of structural changes in the left ventricular myocardial 
capillaries in rats with spontaneous arterial.

MATERIALS AND METHODS
Experiments were performed on 50 white rats, which were 
under standard vivarium conditions of the Bogomolets 
National Medical University. The juvenile (45-day), sexu-
ally-grown (100-day) and old (240-day) ISIAH (inherited 
stress-induced arterial hypertension) line rats with arterial 
hypertension were studied. These animals are a convenient 
research material, because all signs and symptoms inherent 
in human hypertension are reproduced on this model of 
rats [3]. Control was provided by intact rats of the Wistar 
line of the same age. Experiments with animals were carried 
out in accordance with the Law of Ukraine “On protection 
of animals from cruelty” (2006), “General ethical princi-

MORPHOFUNCTIONAL STATUS OF CARDIO-VASCULAR SYSTEM 
OF RATS WITH ARTERIAL HYPERTENSION

DOI: 10.36740/WLek202002128 
 
Svetlana M. Chuhray1, Viktoria E. Lavrynenko2, Rostyslav F. Kaminsky1, Iryna V. Dzevulska1, Oleksandr V. Malikov1, 
Ruzhena M. Matkivska1, Larysa B. Shobat1, Oleksandr I. Kovalchuk1,2, Liudmyla M. Sokurenko1,2

1BOGOMOLETS NATIONAL MEDICAL UNIVERSITY, KYIV, UKRAINE
2TARAS SHEVCHENKO NATIONAL UNIVERSITY OF KYIV, KYIV, UKRAINE

АBSTRACT
The aim: Was to clarify the general patterns of structural changes in the left ventricular myocardial capillaries in rats with spontaneous arterial hypertension.
Materials and methods: Experiments were conducted on 50 ISIAH (inherited stress-induced arterial hypertension) line rats with arterial hypertension: juvenile young (45-day) 
and sexually mature (100-day) rats, as well as intact animals of the corresponding age. While extracted from the experiment rats of all experimental groups had their arterial 
pressure measured using a plethysmograph. Electron microscopic examination of the left ventricular myocardium and morphometric study of volumetric and quantitative 
densities, cross-section area, and form factor of micropinocytotic vesicles were conducted.
Results: In sexually mature rats with arterial hypertension, a high level of pressure is maintained. In 45-day-old rats with arterial hypertension in endothelial cells of myocardial 
blood capillaries there is a hyperactivation of biosynthetic processes (euchromatic nucleus, large-sized mitochondria, ER canals, Golgi complex), which may be a manifestation 
of reactive processes in response to a non-stable increase in arterial pressure. In the 100-day rats with arterial hypertension, the mosaic of the ultrastructure of the myocardium 
blood vessels is preserved, but destructively-dystrophic changes become more expressive and involve not only the organelles but also the integrity of the endothelial cell itself. 
Destructively-dystrophic processes in rat capillaries are accompanied by compensatory and adaptive ones. This is manifested by activation of the transport of substances, both 
transendothelial and paracellular, and quantitative density of micropinocytotic vesicles increases statistically significantly.
Conclusions: In myocardial capillaries of young (45-day) arterial hypertension rats, compensatory and adaptive changes are manifested by activation of biosynthetic processes in 
endothelial cells following a slight increase in micropinocytotic vesicles quantitative density and signs of destructive-dystrophic processes (minor edema and lysis of endothelial 
cell cytoplasm).
In sexually mature (100-day) arterial hypertension rats in the blood capillaries of the myocardium, the destructive-degenerative changes increase is accompanied by preservation 
of signs of compensatory processes. Reducing the number of capillaries is offset by an increase in the number of micropinocytotic vesicles.
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ples of animal experiments”, adopted by the First National 
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 examinations were carried out as 
in the previous article on the study of cardio-vascular 
system [4].

While extracted from the experiment, rats of all experi-
mental groups had their arterial pressure measured using 
a plethysmograph.

Electron microscopic examination of the left ventricular 
myocardium of experimental rats was conducted. The 
material was processed in accordance with the generally 
accepted techniques of electron microscopic examination 
[5]. Ultra-thin sections were made with ultratome Reihart 
(Austria) and examined using an electron microscope 
PEM-125K.

Morphometric studies were carried out on a semi-auto-
matic device for graphic research processing using the pro-
gram “Organelle”. Volumetric and quantitative densities, 
cross-section area, form factor of micropinocytotic vesicles 
were studied. Statistical processing was carried out using 
the Student parametric criterion and the nonparametric 
Kolmogorov-Smirnov criterion according to the principle 
of variation statistics.

RESULTS 
Changes in functional parameters in experimental rats

In 45-day-old arterial hypertension rats, arterial pressure 
exaggerates the pressure of control animals not sharp, but 
significantly. At 100 days after birth, blood pressure, com-
pared with control animals, is elevated. (Table 1). 

Micropinocytotic vesicles in endothelial cells of myocar-
dial blood capillaries

Morphometric analysis of endothelial cells of myocardial 
circulatory capillaries in 45-day rats with arterial hypertension 
didn’t show statistically significant changes in morphometric 
indexes of micropinocytotic vesicles, except for the index of 
quantitative density of micropinocytotic vesicles, which is sta-
tistically significantly higher than in the control. Interestingly, 
from our point of view, there are changes in this indicator in 
100 day-old rats with arterial hypertension, which statistically 
significantly increases in relation to both control and previous 
term groups. Other indicators that characterize micropinocy-
tosis in blood capillaries, volumetric density, cross-section area 
and form factor of micropinocytotic vesicles, in 100 day-old 
rats with arterial hypertension do not differ significantly from 
similar age-control indicators (Table 2). 

Ultrastructure of blood capillaries of myocardium in rats
In 45-day-old arterial hypertension rats, myocardial 

blood capillaries are lined with heteromorphic in ultra-
structure endothelial cells. A part of these cells has mor-
phological features of somewhat increased biosynthetic 
activity: euchromatic nucleus, large size of mitochondria, 
ER canals, Golgi complex. The number of these organelles 
is higher compared to 45-day intact animals.

Against the background of active transport processes, 
which, according to stereological indicators, do not differ 
from age-related controls (Table 2), there are areas of 
thinning spread around endothelium up to a thickness of 
one to two micropinocytotic vesicles. There is lysis and 
edema of endothelial cells and their organelles, primarily 
mitochondria. In the myocardium of the rats, there is peri-
vascular edema and accumulation of metabolic products 
in the interstitium (Fig. 1).

In 100-day rats with arterial hypertension organelle 
destruction and endothelial cell death are observed in the 
blood capillaries of the myocardium, the gaps in some in-
ter-endothelial junctions increase. The quantitative density 
of micropinocytotic vesicles increases in this age group (Fig. 
2), unlike control and the previous term group (Table 2).

Table 1. Changes of arterial pressure figures

Groups of animals
Arterial pressure, mm Hg

45 days 100 days

Control 98,7±6,1 109,4±5,3

AH 125,2±5,9* 145,3±5,1*

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

Table 2. The morphometric indexes of micropinocytotic vesicles in endothelial cells of myocardial circulatory capillaries 
Age of 

animals Groups Volumetric density,  
%

Quantitative density,
1/ μm3

Average area,
10-2 μm2 Form factor

45 days
Control 18,09±1,04 282,7±15,9 0,57±0,01 0,84±0,05

AH 17,20±1,07 306,8±13,3* 0,56±0,01 0,83±0,00

100 days
Control 21,95±0,85 332,5±18,6 0,57±0,01 0,85±0,07

AH 20,18±1,14 376,9±15,2*,** 0,56±0,01 0,85±0,09

Note: * – р<0, 05 in comparison with the data of the Control;
** – р<0, 05 in comparison with the data of the other term group.
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DISCUSSION 
Consequently, in the sexually mature rats with arterial hy-
pertension, a high level of pressure is steadily maintained, 
for comparison, just about half of the animals with congen-
ital hypothyroidism showed increase of this parameter [6]

In the 45-day arterial hypertension rats in the endothelial 
cells of the myocardial blood capillaries, hyperactivation of 
biosynthetic processes occurs (euchromatic nucleus, large 
in size mitochondria, canals of ER, Golgi complex), which 
may be a manifestation of reactive processes in response 
to a non-stable increase in blood pressure. The occurrence 
of platelet and fine particle aggregates in the lumen of 
myocardial capillaries is a manifestation of the influence 
of blood pressure, since it is known that essential arterial 
hypertension is accompanied by a decrease in the produc-
tion of prostacyclins and NO by endothelial cells – they are 
known to be powerful platelet aggregation inhibitors [7-8]. 
In addition to the above-described changes, in the myocar-
dium capillaries of rats with arterial hypertension compen-
satory-adaptive processes are observed: the stereological 
indices of micropinocytotic vesicles do not differ from age 
control, the thinning of some areas in endothelial cells is 
observed. This reduces the way of transport of substances 
and oxygen and is inherent to the blood capillaries under 

different pathologies. Destructive and dystrophic changes 
are manifested by lysis and edema of endothelial cells and 
their organelles, primarily mitochondria. The cytoplasmic 
edema is, most likely, due to violations of the phospholipid 
composition of the plasma membrane of endothelial cells, 
since it is known that arterial hypertension is accompanied 
by changes in the metabolism of fatty acids that are part 
of the plasma membranes [9-10]. In addition, increased 
permeability of endothelial plasma membranes leads to 
the appearance of perivascular edema and accumulation 
of metabolic products in the interstitium of myocardium 
of 45-day arterial hypertension rats, which impairs the 
metabolism of cardiomyocytes.

In the 100-day arterial hypertension rats, the mosaic of 
the ultrastructure of the blood vessels in the myocardium 
is preserved, but destructively-dystrophic changes become 
more expressive and apply not only to the organelles but 
also to the integrity of the endothelial cell itself. The death of 
endothelial cells leads to a decrease in the number of func-
tioning capillaries. Destructively-dystrophic processes in rat 

Fig. 1. Blood capillaries of the left ventricular myocardium in 45-day rat 
with arterial hypertension. Electron microscopic photo. Magnification: 
А-12000; B -16000: Nucleus (1), mitochondria (2), ER canals (3 ), 
micropinocytotic vesicles ( ), interendothelial junctions( ) in endothelial 
cells, basal lamina (4), collagen fibers (5) in interstitium.
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Fig. 2. Blood capillaries of the left ventricle myocardium of 100-day rats 
with arterial hypertension. Electron microscopic photo. Magnification: 
А-48000; B-35000. Lumen (1) of blood capillary, mitochondria (2), 
micropinocytotic vesicles ( ) in endothelial cells, basal lamina (3).
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capillaries are accompanied by compensatory and adaptive 
ones. This is manifested by the activation of the transport 
of substances, both transendothelial and paracellular. The 
increase of microvesiculation processes, which is reflected 
in the quantitative density of micropinocytotic vesicles in 
this age group, may be caused by several factors: this is the 
redistribution in the molecular composition of the plasma 
membranes as well as the accumulation of calcium ions in 
the cytoplasm, and the activation of lipid peroxide oxidation 
processes. All these rearrangements are characteristic for 
arterial hypertension and can play certain role in the changes 
in transcytosis, which in this period of observation, never-
theless, are compensatory oriented. Changes in intercellular 
transport are ultrastructurally manifested by increase of 
gaps in some inter-endothelial junctions. It is believed that 
this occurs in those junctions that are mechanically weak, 
that is, open junctions, due to changes in hemodynamics 
or osmolarity of the surrounding fluid in case of Na+ / Ca2+ 
exchange disorder in arterial hypertension rats [11-13]. 

Consequently, in the development of arterial hyper-
tension, an important role is played by endothelium dys-
function [14-17]. The exchange of substances is in direct 
dependence on the permeability of blood capillaries. One 
of its main pathways is transcytosis, the structural expres-
sion of which is micropinocytotic vesicles [1]. Phenotypic 
peculiarity of myocardial blood capillaries is the predomi-
nance of processes of micropinocytosis over biosynthetic, 
that is, the basic structures that are represented in the 
endothelium of these micro-vessels are micropinocytotic 
vesicles. The quantitative representation of these structures 
varies depending on age and pathological state and may be 
an indicator of both the stages of differentiation and the 
degree of damage [19].

CONCLUSIONS
In myocardial capillaries of young (45-day) arterial hyper-
tension rats compensatory-adaptive changes are manifested 
by activation of biosynthetic processes in endothelial cells, 
with a slight increase in the micropinocytotic vesicles quan-
titative density. Signs of destructive-dystrophic processes 
are edema and lysis of the endothelial cell cytoplasm, which 
do not become widespread in this period of observation.

In the blood capillaries of the myocardium of sexually 
mature (100-day) arterial hypertension rats the destruc-
tive-degenerative changes increase with the preservation 
of signs of compensatory processes. Reducing number of 
capillaries is offset by increase in the number of micropi-
nocytotic vesicles.
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