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Abstract  Background: Metabolic syndrome is a condition characterized by a combination of metabolic disorders that 

increase the risk of cardiovascular diseases. Understanding the vascular changes that occur during metabolic syndrome is 

crucial for developing effective therapeutic strategies. Objectives of Study: This study aimed to examine the structural 

alterations in the carotid artery in individuals with metabolic syndrome and to evaluate the therapeutic potential of sunchoke 

in mitigating these vascular changes. Methods: The study was conducted using white laboratory rats, divided into three 

groups: a control group, an experimental group with induced metabolic syndrome, and a treatment group receiving sunchoke. 

Morphological and morphometric analyses were performed on the carotid artery using histological staining methods, and the 

results were statistically analyzed. Results: The study revealed significant thickening of the internal elastic membrane and a 

reduction in the muscle layer thickness in the carotid artery of rats with metabolic syndrome. The number of smooth muscle 

cells also decreased. However, in the group treated with sunchoke, these pathological changes were significantly corrected, 

with the carotid artery structure closely resembling that of the control group. Conclusions: Metabolic syndrome induces 

destructive changes in the vascular structure, particularly in the carotid artery. The administration of sunchoke demonstrated 

a positive therapeutic effect by restoring the normal morphological features of the artery. These findings suggest that 

sunchoke may be a valuable therapeutic agent in managing vascular complications associated with metabolic syndrome. 
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1. Introduction 

Currently, metabolism is a pressing issue in both modern 

basic and clinical medicine [2,3,10]. Metabolic syndrome 

adversely affects the functioning of organs and systems in the 

body due to disruptions in carbohydrate and lipid metabolism, 

insulin resistance, and dysfunction of the endothelium in 

blood vessel walls. The phrase “metabolic syndrome” was 

coined in the 1980s. It is a prevalent health issue in numerous 

places worldwide. Recently, the prevalence of metabolic 

syndrome has expanded beyond the senior population, with a 

rising proportion of young individuals being affected by it 

[1,4,9,12]. Metabolic syndrome is a metabolic condition that 

increases the chance of developing vascular disorders, which 

are closely associated in terms of their underlying causes  

and mutually strengthen each other. Given these factors, 

including the high prevalence in the population and the 

significant rise in the incidence of metabolic syndrome 

projected by the WHO, along with its association with aging, 

this issue is a top priority in modern medicine [5,6,7]. 

Hypokinesia refers to a reduction in movement activity, 
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which can be linked to the physiological immaturity of the 

organism, specific working conditions in a small space,  

and various other factors. In certain instances, there may be  

a total absence of movement or akinesia, which poses greater 

challenges for the body. A reduction in physical activity 

results in a disruption of the coordinated operation of     

the muscular system and internal organs. Hypokinesia is 

characterized by alterations in the composition of skeletal 

muscles and myocardium, a decrease in immunological 

activity, and a reduced ability of the organism to withstand 

extreme temperatures and oxygen deprivation. After being 

immobile for a period of 7–8 days, individuals experience 

apathy, increased sleepiness, difficulty focusing on important 

tasks, disrupted sleep patterns, significant decrease in muscle 

strength, impaired coordination for both complex and simple 

movements, deterioration in the contractility of skeletal 

muscles, alteration in the physic–chemical properties of 

muscle proteins, and functional disturbances such as reduced 

calcium levels in bone tissue. The development of these 

metabolic alterations includes multiple intricate pathways 

and numerous unresolved issues [4,8,11]. Arterial blood 

arteries have a crucial function in delivering blood and 

nutrients to organs. Arteries consistently operate at elevated 
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pressure. In order to handle this pressure, they possess a 

substantial quantity of elastic tissue and a minimal amount of 

smooth muscle. The body contains two primary categories of 

arteries: elastic arteries and muscular arteries. Muscular arteries, 

such as the brachial artery, the radial artery, and the femoral 

artery, are characterized by their anatomical designations. 

Muscular arteries possess a greater number of smooth 

muscle cells in the interstitial layer compared to elastic 

arteries. Elastic arteries, such as the aorta and pulmonary 

arteries, are the arteries that are located closest to the heart. 

These arteries have a higher amount of elastic tissue in their 

innermost layer (intima) compared to muscular arteries. The 

elastic nature of arteries allows for the maintenance of a 

consistent pressure gradient against them, even with the 

continuous contracting (pumping) action of the heart. 

Considering the information provided, our objective was 

to examine the structural alterations in the carotid artery 

caused by experimental hypokinesia and metabolic problems. 

2. Research Materials and Methods 

The study utilized white laboratory rats with a weight 

range of 180–200 grams. The experiments and decapitation 

of animals were conducted in compliance with the European 

Convention for the Protection of Vertebrate Animals Used 

for Experimental and Other Scientific Purposes (Strasbourg, 

1985). The white rats used for the experiment were categorized 

into 3 groups. Each group consisted of 20 rats. 

The initial group consisted of healthy rats without any 

observable symptoms of somatic or infectious illnesses, 

serving as the control group. The control group of rats had a 

consistent diet consisting of standard food and water, which 

was available to them at all times. 

The second group was referred to as the experimental 

hypodynamia and metabolic syndrome model. A hypodynamia 

model was created using specialized cage pens. In this 

instance, the size of the cages was maintained at a minimum 

of 150 cm2. Rats that were in good health and showed no 

evidence of infectious or somatic disorders were placed in 

specialized cages and provided with a diet that had high 

levels of fat and carbohydrates. The rats' diet comprised 60% 

laboratory feed, 20% sheep fat, and 20% fructose. Instead  

of consuming water, a solution containing 20% fructose  

was administered. The rats were euthanized 60 and 90 days 

post–experiment. 

In the third group, the rats were subjected to hypokinesia 

and metabolic syndrome modeling. Starting from the    

60th day of the experiment, the rats were taken out of the 

experiment, removed from the panel–cage, and transferred  

to a regular cage. The feeding ration commences with the 

appropriate nutritional composition, consisting of 24% 

protein, 6% fat, and 44% carbohydrates. This composition is 

provided by the use of “Delta Fids” feed, specifically the 

Biopro brand from RF. In order to rectify antioxidant and 

metabolic imbalances, Topinambur Danikafarm (0.4) tablets 

were dissolved in water and administered twice day via a 

subcutaneous catheter. 

The rats in both the control and experimental groups are 

maintained under identical circumstances in the vivarium. 

The body weight of the rats in both the control and experimental 

groups was assessed. In order to conduct morphological 

study, a carotid artery that had a mixture of different 

components was extracted. Histological slices were then 

made using a rotor microtome, with each section having    

a thickness of 8–10 microns. These sections were stained 

using the hematoxylin and eosin, Van Gion, and Weigert 

procedures. The histological preparations are used to 

determine the structure of the cytoplasm of the blood vessel 

wall and the condition of the collagen elastic fibers. To conduct 

a morphometric analysis of blood vessels, preparations were 

prepared from four sections of the common carotid artery.   

A morphometric examination was performed to determine 

the average values of the evaluated parameters. In the 

morphometric investigation, we calculated the following 

parameters: the thickness of the common carotid artery wall, 

the thickness of the intima, the individual thickness of the 

media, the overall thickness, the ratio, the diameter of the 

blood vessel, and the relative volume of the intima as a 

percentage. 

The G.G. Avtandilov approach and the NanoZoomer (REF 

C13140–21.S/N000198/HAMAMATSU PHOTONICS/431 

–3196 JAPAN) Hamamatsu (QuPath–0.4.0, NanoZoomer 

Digital Pathology Image) morphometric computer program 

are utilized for performing morphometric analyses. The data 

was analyzed using the statistical functions of Microsoft 

Excel 2010 to get the arithmetic mean (M), the average error 

(m) of the relative sizes, and the accuracy coefficient. The 

CX40 type OD400 camera microscope is used to capture 

photomicrographs from histology preparations. 

Over the initial 10–day period of the experiment, the 

sedentary rats exhibited a decline in their consumption of 

food and water. However, in the subsequent days, they 

adjusted to their lack of physical activity and displayed an 

increased level of activity in their intake of food and water. 

Throughout the investigation, the rats in the experimental 

group exhibited an increase in body weight, indicating     

a heightened adaption to a state of inactivity. The mean  

body weight of neonatal rats was 10 grams, and by day 30, 

the body weight of rats increased by a consistent factor of 9.5 

compared to neonates, with an average of 95.8 grams. 

Multiplied by a factor of 1.8 and had an average of 175.4 

grams. The mean body mass of rats at 90 days of age was 

260.6 grams, representing a 1.4–fold increase compared to 

rats at 60 days of age. The results indicated that the body 

weight of the 30–day–old rat in the experimental group was 

11.5 times more than that of the newborn. 

At the 60–day mark, there was a 2.1–fold rise in body 

weight, resulting in a total weight of 245.3 grams. At the end 

of a 90–day period, the body weight had increased by a factor 

of 1.6, resulting in an average body weight of 416.5 grams 

(Fig. 1). 



 American Journal of Medicine and Medical Sciences 2024, 14(8): 2111-2115 2113 

 

 

 

Figure 1.  Changes in body weight of rats in the control and experimental 

groups 

We classified the common carotid artery as a muscular 

elastic artery based on its structural characteristics. The inner 

layer of the common carotid artery contains an internal 

elastic membrane, which has a thickness of 2.35±0.006 μm. 

When observing the blood vessel from the inside, it is 

apparent that the elastic membrane is composed of two 

oval–shaped endothelial cells that are equidistant from each 

other. The intermediate stratum is composed of smooth 

muscle cells that are divided by elastic fibers. The number of 

smooth muscles was found to range from 2 to 4. The mean 

number of smooth muscles was 2.8±0.09. The smooth muscles 

have a circular orientation, and their nuclei are oval in shape 

(Fig. 2). The intermediate layer had an average thickness   

of 50.3±0.7 μm. The carotid artery’s outer layer consists 

primarily of collagen fibers and a smaller amount of elastic 

fibers. Within the outer layer, one can observe the presence 

of minute blood vessels responsible for supplying the blood 

vessel. On the 10th day of the experiment, there was a 

noticeable propensity for the inner elastic membrane of the 

carotid artery wall to get thicker. However, this thickening 

was not significantly different from the control group. It  

was discovered that certain regions of the membrane exhibited 

swelling. The endothelial cells of the inner lining are securely 

adhered to the inner elastic membrane. The nuclei within the 

artery’s cross–section are predominantly oval in shape, with 

some positioned deeper within and others situated above the 

folds of the internal elastic membrane. The thickness of the 

middle layer was equivalent to that in the control group. The 

intermediate layer has 2.7 ± 0.08 rows of smooth muscle. 

On the 30th day of the experiment, the morphological 

structure of the common carotid artery was examined in the 

experimental group. It was observed that the internal elastic 

membrane was significantly thicker (p<0.05) by 28.5% 

compared to the control group. At this time, the internal 

elastic membrane had a thickness of 3.02±0.04 μm. The 

cross–sectional shape of the nucleus in most endotheliocytes 

is oblong (Fig. 3). There are instances where the elastic 

membrane appears to be flattened. The study observed an 8% 

reduction in the thickness of the muscle layer compared to 

the control group, with an average thickness of 46.3±0.5 μm. 

The nuclei of smooth muscle cells are elongated in shape 

(Fig. 4). The elastic membrane has undergone thickening. 

The study revealed a reduction of 8.9% in the quantity of 

smooth muscle cell rows as compared to the control group. 

On average, the number of smooth muscle cells was 2.55± 

0.11. The study noted that the folds of the exterior elastic 

membrane appeared to be more compressed compared to the 

control group. The capillaries situated in the outer layer were 

found to be completely filled. 

 

Figure 2.  The histological appearance of the carotid artery in the control 

group of 30–day–old newborn rats. Internally, it comprises two oval–shaped 

endothelial cells positioned equidistantly from one another. Staining method 

used: hematoxylin–eosin. Magnification level: 10x40 

 

Figure 3.  The histological appearance of the carotid artery in the control 

group of 60–day–old newborn rats. Capillaries are discerned in the outer 

layer. The intermediate layer comprises a maximum of four rows of sleek 

muscles. Staining method used: hematoxylin–eosin. Magnification level: 

10x40 

 

Figure 4.  The histological appearance of the carotid artery in the 

experimental group of neonatal rats at 30 days. The cross–sectional shape of 

the nucleus in most endotheliocytes is oblong. The flexible membrane is 

made smooth. The nuclei of smooth muscle cells exhibit an extended shape. 

Staining method used: hematoxylin–eosin. Magnification level: 10x40 
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Figure 5.  The histological appearance of the carotid artery in the 

experimental group of 60–day–old newborn rats. Staining method used: 

hematoxylin–eosin. Magnification level: 10x40 

Upon studying the morphological structure of the common 

carotid artery on the 60th day of the experimental group, it 

was observed that the internal elastic membrane was 

significantly (p<0.05) 34.7% thicker compared to the control 

group. During this time frame, the internal elastic membrane 

had a thickness of 3.17±0.04 μm. The cross–sectional shape 

of the nucleus in most endotheliocytes is oblong. There are 

several locations where the elastic membrane appears to be 

flattened. The study observed a reduction of 11% in the 

thickness of the muscle layer compared to the control group, 

with an average thickness of 44.7±0.29 μm. The nuclei of 

smooth muscle cells are elongated in shape. The elastic 

membrane exhibited increased thickness in comparison to 

the control group. It was discovered that the quantity of 

smooth muscle cell rows was dramatically reduced by 16% 

compared to the control group, with an average count of 

2.35±0.10. The determination of deformation in smooth 

muscle cells and elastic fibers located between the elastic 

membrane was conducted. An increase in the density of the 

collagen fibers bundle was seen in the outer fibers of the 

middle layer. The exterior elastic membrane folds were 

found to be more compressed compared to the control group. 

The capillaries situated in the outer layer were found to be 

completely filled (Fig. 5). 

Upon analyzing the morphometric dimensions of the 

carotid artery in this group of rats following sunchoke 

correction, it was seen that the measurements of all structures 

closely resembled those of the control group. The internal 

elastic membrane had a thickness of 2.49±0.03 μm, which 

was 6% greater than the control group. The muscle layer  

had a thickness that was 10% greater, while the number of 

muscle layers was 5% lower. The average thickness was 

found to be 2.65±0.4. These indications demonstrated a 

favorable impact of sunchoke. 

3. Results and Discussions 

The analysis of the collected data revealed that the 

experimental conditions of hypodynamia and hypokinesia 

led to an increase in the thickness of the internal elastic 

membrane and middle layer of the thoracic aorta wall, in 

comparison to the control group. The examination of the 

results showed that the thickness of the internal elastic 

membrane rose by 11% on day 30, 16% on day 60, and 18% 

on day 90 of the experiment. The central layer’s thickness 

exhibited a growth rate of 7% in 30 days, 49% in 60 days, 

and 47% in 90 days. An increase in the number of smooth 

muscle cell lines was consistently detected at 30 and 60 days 

compared to the control group. However, by the end of the 

90–day trial, there was a 6% drop in the number of smooth 

muscle cell lines. 

Furthermore, it was seen that the elastic membrane 

underwent a process of smoothing, and there was evidence of 

fibration in certain branches. An increase in the thickness of 

collagen fibers was observed in the intermediate layer, 

namely near the exterior elastic membrane. During the initial 

stages of the experiment, there was an observed rise in the 

quantity of smooth muscle cells, which subsequently 

declined by the 60th day of the trial. Therefore, it can be 

concluded that experimental hypokinesia and metabolic 

syndrome lead to alterations in all layers of the carotid artery 

wall, with significant modifications primarily occurring in 

the middle and inner layers. 

4. Conclusions 

Metabolic syndrome is a prominent and socially significant 

medical issue that has garnered the interest of a diverse group 

of experts worldwide. Regarding this matter, the issue of 

comprehending the pathophysiology of metabolic syndrome 

and its rectification is significant. Therefore, in cases of 

experimental hypokinesia and metabolic syndrome, there 

was an observed thickening of the internal elastic membrane 

of the carotid artery wall, a reduction in the thickness of   

the middle layer, and a decrease in the number of smooth 

muscle cells in the vascular wall. Metabolic syndrome was 

associated with documented endothelial degradation, stasis, 

and fibrosis in the carotid artery wall. When treated with 

sunchoke, the intima thickness on the carotid artery wall 

decreases, tumors in the muscle layer dissipate, and the 

thickness becomes similar to that of the control group. 
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