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Morphology of the Aorta in 
Metabolic Syndrome  

ABSTRACT

Background. In recent years, hypokinesia has become not only a medical but also a social problem.  Several factors cause 
hypokinesia: high automation of production, transition to a sedentary lifestyle, and being in bed after certain diseases.  The 
classification of hypokinesia is presented in several literature.  According to the World Health Organization, about 60% of 
the world's population does not have enough physical activity to lead a healthy lifestyle
Methods. Mature white laboratory rats weighing 180-200 grams were used as study material.  The white rats taken for the 
experiment were divided into 2 groups.   In the complex morphological studies, which include in its membership general 
histologic, histochemical techniques, morphometry, scanning electron microscopy, and transmission electron microscopy.
Results. Studying the nature and initial changes of the morphological changes observed as a result of hypokinesia and the 
consequences of metabolic syndrome is an urgent medical problem. A high-calorie diet throughout life is considered one of 
the main causes of metabolic syndrome. In understanding the pathogenesis of metabolic syndrome and hypodynamia, it is 
important to know the morphological changes observed in these pathologies. As an object of research, we studied the mor-
phological changes in arteries of elastic type. The obtained results revealed destructive and defragmentation changes in 
fibrous structures in the walls of elastic-type arteries.
Conclusion. In experimental hypokinesia and metabolic syndrome, there is a thickening of the internal elastic membrane of 
the wall of the thoracic aorta, a decrease in the thickness of the middle layer, and a decrease in the number of smooth mus-
cle cells in the vascular wall.
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INTRODUCTION
In recent years, hypokinesia is becoming not only a 

medical but also a social problem.  There are several fac-
tors that cause hypokinesia: high automation of produc-

tion, transition to a sedentary lifestyle, and being in bed 
after certain diseases.  

The classification of hypokinesia is presented in sev-
eral literature.   According to the World Health Organiza-
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tion, about 60% of the world's population does not have 
enough physical activity to lead a healthy lifestyle [1, 
8].  

As a result of a lifestyle caused by inactivity, 1.9 mil-
lion deaths are observed in the literature. Today, many 
sources provide information about the morphofunctional 
changes that occur in the body under the influence of the 
negative consequences of hypokinesia. 

As a result of inactivity, negative consequences de-
velop in all organs and systems. The researches of sever-
al scientists show that as a result of hypokinesia, not only 
muscles but also changes in mineral saturation of bone 
tissue develop [6, 9].  

In recent years, information has been received about 
the development of dystrophy and disintegration in 
spongy and flat bones in the locomotor system under 
conditions of hypokinesia. 

In the case of inactivity, changes such as negative 
changes in the respiratory system, impaired liver func-
tion, and decreased reproductive organs have been ob-
served.   In the conditions of hypokinesia, a violation of 
carbohydrate metabolism, a change in the water-salt bal-
ance has been determined [2, 3, 5, 11, 12].  

These metabolic changes involve many unsolved 
problems involving the same complex mechanisms in 
pathogenesis [4, 7, 8, 13].  

When the diameter of blood vessels decreases, the 
speed of blood flow also decreases. It is estimated that 
10% to 15% of the total blood volume is in the arterial 
circulatory system. 

This feature of high systemic pressure and low vol-
ume is characteristic of the arterial system. There are two 
main types of arteries in the body: elastic arteries and 
muscular arteries. 

Muscular-type arteries include those with anatomical 
names such as the brachial artery, the brachial artery, and 
the femoral artery. Muscular-type arteries have more 
smooth muscle cells in the interstitial layer than elastic 
arteries [4, 7, 9, 10].  

Elastic-type arteries are the arteries closest to the 
heart (aorta and pulmonary arteries), and they contain 
more elastic tissue in their interstitial layer than muscu-
lar-type arteries. This feature of elastic-type arteries al-
lows maintaining a constant pressure gradient against 
them despite the effect of the heart's constant contraction 
(pumping).

The purpose of the study is to study the morphologi-
cal and morphometric changes of the thoracic aorta in 
experimental hypodynamia and metabolic syndrome.

MATERIAL AND METHODS
ature white laboratory rats weighing 
180-200 grams were used as study materi-
al. The experiments were conducted by the 

"European Convention for the Protection of Vertebrate 
Animals Used for Experimental and Other Scientific 
Purposes" (Strasbourg, 1985). The white rats taken for 
the experiment were divided into 2 groups.  For morpho-
logical studies, the elastic type of the thoracic aorta was 
taken, and the histological sections prepared on a rotor 
microtome with a thickness of 8-10 microns were stained 
with hematoxylin and eosin, Van Gison, and Weigert 
methods. The first group was the control group, 10 rats 
without clinical signs of somatic and infectious diseases 
were taken.  Rats in the control group were continuously 
fed a conventional diet with free food and water ad libi-
tum.  In our second group, a total of 45 rats were used to 
induce the experimental metabolic syndrome model.   To 
create a model of hypodynamism, special cage pens were 
used. In this case, the area of the cages was kept at no 
less than 150 cm².   After denying the signs of infectious 
and somatic diseases, healthy rats were placed in a spe-
cial cage and fed with a diet rich in fat and carbohy-
drates.   The diet of rats is 60% laboratory feed, 20% 
sheep fat, 20% fructose. A 20% solution of fructose was 
given instead of drinking water.  Rats with hypodynamia 
and metabolic syndrome formed the experimental group 
and were euthanised 30, 60, and 90 days after the exper-
iment.  For morphological studies, the thoracic aorta was 
taken, and the histological sections prepared on a rotor 
microtome with a thickness of 8-10 microns were stained 
with hematoxylin and eosin, Van Gion and Weigert 
methods.   In histological preparations, the structure of 
the cytoplasm of the blood vessel wall and the state of 
the collagen elastic fibers were determined.   The thick-
ness of the wall of blood vessels, the thickness of the 
intima, and the separate media were calculated by the 
morphometric method.

Laboratory white rats in the control and experimental 
groups were kept in the same conditions as the vivarium. 
G.G. Avtandilov method and NanoZoomer (REF 
C13140-21.S/N000198/HAMAMATSU PHOTONICS /
431-3196 JAPAN) Hamamatsu (QuPath-0.4.0, Nano-
Zoomer Digital Pathology Image) morphometric com-
puter program are used for conducting morphometric 
examinations.  The obtained data were determined in the 
statistical section of Microsoft Excel 2010, the arithmetic 
means Mni, the average error m of the relative sizes and 
the accuracy coefficient t. Photomicrographs of histolog-
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ical preparations were captured using a CX40 model 
OD400 camera microscope.  

RESULTS
he analysis of the obtained data showed that 
the thoracic aorta belongs to the type of arter-
ies elastic type.  The basis of the thoracic aorta 

is an elastic skeleton.  In the cross-section of the thoracic 
aorta, 3 parts of its wall can be seen: inner, middle and 
outer walls (1 figure). 

￼
The inner layer of the thoracic aorta is composed of 

inner endothelial cells, and a subendothelial layer con-
sisting of connective tissue fibres touching it. It can be 
seen that the nuclei of endotheliocytes are oval and are 
located at different distances from each other.   It can be 
seen that the endotheliocytes are oriented perpendicular 
to the axis of the blood vessel wall (2 figure).

￼

The thickness of the internal elastic membrane was 
found to be 4.3±0.2 μm on average. The thickness of the 
middle layer is thicker compared to other layers; its 
thickness is 91.9±1.3 μm on average. In the middle layer, 
it can be seen that it consists of several rows of elastic 
membranes and smooth muscle fibers between them (3 
figure).  

￼
The average number of smooth muscle cells in the 

thoracic aorta is 7.23±0.08.   Among the muscle fibers, 
thin collagen fibers are identified.   Smooth muscles are 
arranged in circular rows between elastic membranes.  
The nuclei of myocytes are usually oval. The outer ad-
ventitia layer is located on the outside, where capillaries 
can be seen. 

On the 30th day of the experiment, it was found that 
the thickness of the internal elastic membrane layer of 
the thoracic aorta of the dead rats was smaller than that 
of the control group and was, on average, 4.0±0.08 μm.  
An increase in the distance between the folds of the elas-
tic membrane was noted in some parts of the thoracic 
aorta. The nucleus of endotheliocytes was found to be 
round or oval in shape. In the middle layer, the elastic 
membrane is thinned. The thickness of the middle layer 
and the number of smooth muscle cells did not differ 
between the control and experimental groups. No reli-
able changes were detected on the external floor com-
pared to the control group.  On the 60th day of the exper-
iment, the thickening of the inner elastic membrane layer 
was observed in the euthanised group, and it was found 
that the thickness reached 4.18±0.02 μm, which was not 
reliably different from the control group. In some places, 
the inner membrane is smooth in places located at differ-
ent distances from each other.  

1- figure. Thoracic aorta.  In the cross-section of 
the thoracic aorta, 3 parts of its wall can be seen: 
inner, middle and outer walls.  Paint G.E.  The 

size is 10×10.

2- figure.  The inner layer of the thoracic aorta 
is composed of inner endothelial cells and a 

subendothelial layer consisting of connective 
tissue fibers touching it.  Paint G.E.  The size is 

20×10.

3- figure. In the middle layer, it can be seen that it 
consists of several rows of elastic membranes and 

smooth muscle fibers between them.  Paint G.E.  The 
size is 20×10.
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There was a reliable increase in the number of 
smooth muscle cells of the middle layer up to 7.52±1.2 
μm and a decrease in the thickness of the middle layer 
compared to the control group (4 figure).  

￼
And the thickness of the middle layer was equal to 

90.5±0.05 μm.   It was found that the elastic membrane 
located in the middle layer is torn and unevenly straight-
ened in some places.   The folds of the outer elastic 
membrane were observed to be smoother than those of 
the control group.   Capillaries located in the outer layer 
were found to be full of blood.

On the 90th day of the experiment, a reliable thicken-
ing of the elastic membrane of the inner layer of the tho-
racic aorta was observed in the euthanized group com-
pared to the control group, and the average thickness was 
4.25±0.06 μm (5 figure). 

￼
The smoothness of the internal elastic membrane in 

places and irregularly smoothed areas of the folds were 

found. Different shapes of endotheliocytes can be seen at 
the bottom of these folds: round, oval and flat.   In this 
group of the experiment, a reliable decrease in the thick-
ness of the middle layer of the thoracic aorta was found, 
and the thickness was found to be 89.5±0.08 μm. By this 
period of the experiment, a decrease in the number of 
smooth muscle cells was observed in the middle layer 
compared to other periods of the experiment and in the 
control group, and their number was on average, 
6.8±0.08 μm.   Some myocytes in the inner part of the 
middle layer touching the internal elastic membrane are 
located between the folds of the internal elastic mem-
brane, and their nuclei are located very close to each oth-
er. The deformation of smooth muscle cells and elastic 
fibres between the elastic membrane was determined. A 
thickening of the bundle of collagen fibres was observed 
in the outer fibres of the middle layer.   The folds of the 
outer elastic membrane were observed to be smoother 
than those of the control group. Capillaries located in the 
outer layer were found to be full of blood.

DISCUSSION
The analysis of the received data showed that as a 

result of experimental hypodynamia and hypokinesia, 
there was a thickening of the internal elastic membrane 
and middle layer of the wall of the thoracic aorta com-
pared to the control group. The analysis of the obtained 
results revealed that the thickness of the internal elastic 
membrane increased by 11% on the 30th day of the ex-
periment, by 16% on the 60th day, and by 18% on the 
90th day of the experiment. The thickness of the middle 
layer was observed to increase by 7% in 30 days, 49% in 
60 days, and 47% in 90 days. It was observed that the 
number of smooth muscle cells increased in 30 and 60 
days compared to the control group and decreased by 6% 
by the 90th day of the experiment.   In addition, smooth-
ing of the elastic membrane and fibrillation in some areas 
was found. Thickening of collagen fibres was noted in 
the fibres of the middle layer close to the external elastic 
membrane. In the first days of the experiment, an in-
crease in the number of smooth muscle cells was ob-
served, and by the 90th day of the experiment, it de-
creased. Thus, it can be said that in experimental hy-
pokinesia and metabolic syndrome, changes are observed 
in all layers of the wall of the thoracic aorta, but reliable 
changes were observed in the middle and inner layers. 

CONCLUSION
In experimental hypokinesia and metabolic syn-

drome, there is a thickening of the internal elastic mem-
brane of the wall of the thoracic aorta, a decrease in the 

4- figure.  The middle layer of elevated liposclerosis 
(1) is uniformly muscular and fibrous, with interstitial 

oedema (2). Paint G.E. The size is 20×10.

0 10 20 30 40 50 60 70 80 90 100

       Control group

      30 day trial group

      60 day trial group

      90 day trial group

Thickness of the middle layer (μm) Number of smooth muscle cells (rows)

Thickness of internal elastic membrane (μm)

5-figure. Morphometric indicators of the wall of the thoracic 
aorta
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thickness of the middle layer, and a decrease in the num-
ber of smooth muscle cells in the vascular wall. In the 
case of metabolic syndrome and hypokinesia, thickening 
of the internal elastic membrane of the arterial wall, a 
decrease in the thickness of the middle layer and a de-
crease in the number of smooth muscle cells, and thick-
ening of elastic and collagen fibres in the vascular wall 
were observed. These changes were detected in arteries 
of mixed type from 30 days, in arteries of muscular and 
elastic type by 60 days. An increase in the thickness of 
the intima-media was found in all the arteries studied for 
the study, and atherosclerotic changes were found in 
75% of cases. It was found that there is a positive corre-
lation between morphometric indicators and biochemical 
indicators in arteries.
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METABOLIK SINDROMDA AORTA MOR-
FOLOGIYASI

B. L.Khoshimov, S.M. Ahmedova, 
Toshkent tibbiyot akademiyasi

ABSTRAKT
Dolzarbligi. So'nggi yillarda gipokineziya nafaqat 

tibbiy, balki ijtimoiy muammoga aylanib bormoqda. 
Hipokineziyani keltirib chiqaradigan bir nechta omillar 
mavjud: ishlab chiqarishni yuqori avtomatlashtirish, 
sedentary turmush tarziga o'tish, muayyan kasalliklardan 
keyin yotoqda bo'lish. 

Tadqiqot usullari. Materiali sifatida 180-200 gramm 
og'irlikdagi etuk oq laboratoriya kalamushlari ishlatilgan. 
Kompleks morfologik tadqiqotlar uning tarkibiga umu-
miy gistologik, gistokimyoviy usullar, morfometriya, 
skanerlash elektron mikroskopiya, transmissiya elektron 
mikroskopiya kiradi.

Natijalar. Gipokineziya natijasida kuzatiladigan mor-
fologik o'zgarishlarning tabiati va dastlabki o'zgarishlar-
ini va metabolik sindromning oqibatlarini o'rganish 
dolzarb tibbiy muammodir. Hayot davomida yuqori 
kaloriyali parhez metabolik sindromning asosiy sabablar-
idan biri hisoblanadi. Metabolik sindrom va gipodi-
namiya patogenezini tushunishda ushbu patologiyalarda 
kuzatilgan morfologik o'zgarishlarni bilish muhimdir. 
Tadqiqot ob'ekti sifatida biz elastik tipdagi arteriyalarda-
gi morfologik o'zgarishlarni o'rgandik. Olingan natijalar 
elastik tipdagi arteriyalar devoridagi tolali tuzilmalarda 
destruktiv va defragmentatsion o'zgarishlarni aniqladi.

Xulosa. Eksperimental gipokineziya va metabolik 
sindromda ko'krak aortasi devorining ichki elastik mem-
branasining qalinlashishi, o'rta qavatining qalinligining 
pasayishi va tomirlar devoridagi silliq mushak hu-
jayralari sonining kamayishi kuzatiladi.
 

 

МОРФОЛОГИЯ АОРТЫ ПРИ 
МЕТАБОЛИЧЕСКОМ СИНДРОМЕ
Хошимов Б. Л., Ахмедова С. М.

Ташкентская медицинская академия
АБСТРАКТ

Актуальность. В последние годы гипокинезия 
становится не только медицинской, но и социальной 
проблемой. Существует несколько факторов, 
вызывающих гипокинезию: высокая автоматизация 
производства, переход к малоподвижному образу 
жизни, нахождение в постели после некоторых 
заболеваний. 
Методы. В качестве материала исследования 

использовались половозрелые белые лабораторные 
крысы массой 180-200 граммов. В комплексе 
морфологических исследований, включающем в свой 
состав общегистологические, гистохимические 
методы, морфометрию, сканирующую электронную 
микроскопию, просвечивающую электронную 
микроскопию.
Полученные результаты. Высококалорийное 

питание на протяжении жизни считается одной из 
основных причин метаболического синдрома. В 
качестве объекта исследования нами были изучены 
морфологические изменения артерий эластического 
типа. Полученные результаты выявили деструктив-
ные и дефрагментационные изменения волокнистых 
структур в стенках артерий эластического типа. 
Заключение. При экспериментальной гипокинезии и 
метаболическом синдроме наблюдается утолщение 
внутренней эластической мембраны стенки грудной 
аорты, уменьшение толщины среднего слоя, умень-
шение количества гладкомышечных клеток в 
сосудистой стенке.
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