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Abstract. Metabolic syndrome is a complex pathological condition characterized by a
combination of obesity, insulin resistance, arterial hypertension, and dyslipidemia, which
significantly affect the structure and function of internal organs, particularly the kidneys.
Vascular alterations within the renal cortex play a crucial role in the progression of renal
dysfunction associated with metabolic disturbances.

The aim of this study was to investigate the morphological features of renal cortical blood
vessels in experimental metabolic syndrome. An experimental study was conducted using
laboratory animals with induced metabolic syndrome. Histological examination of renal tissue
was performed to evaluate vascular structural changes within the cortical layer of the kidneys.
The results demonstrated significant morphological alterations in renal cortical vessels,
including vascular wall thickening, narrowing of the vascular lumen, endothelial damage, and
perivascular edema. Microcirculatory disturbances and signs of sclerosis were also observed
in some specimens. These changes were more pronounced in the experimental group compared
to controls.

In conclusion, experimental metabolic syndrome leads to substantial morphological
remodeling of renal cortical blood vessels, contributing to impaired renal microcirculation and
progression of renal pathology. Early detection of vascular alterations may be important for
preventing chronic kidney damage associated with metabolic disorders.
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Introduction

Metabolic syndrome is a complex metabolic disorder characterized by the coexistence of
obesity, insulin resistance, arterial hypertension, and lipid metabolism disturbances. In recent
decades, the prevalence of this condition has increased considerably, becoming one of the
major medical and social problems worldwide. The syndrome affects multiple organ systems
and 1s closely associated with the development of cardiovascular and renal complications.
The kidneys are among the primary target organs affected by metabolic disturbances due to
their intensive blood supply and high sensitivity to hemodynamic and biochemical changes.
Persistent hyperglycemia, oxidative stress, and chronic low-grade inflammation contribute to
progressive vascular injury within renal tissue. These pathological processes lead to structural
remodeling of blood vessels and impairment of renal microcirculation.

The renal cortex contains a highly specialized vascular network responsible for maintaining
filtration processes and tissue perfusion. Structural integrity of cortical blood vessels is
essential for normal nephron function. Under conditions of metabolic syndrome, vascular walls
undergo gradual pathological changes, including thickening, endothelial damage, narrowing of
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the vascular lumen, and sclerosis. Such alterations reduce blood flow efficiency and may
initiate progressive renal dysfunction.

Microcirculatory disturbances within the renal cortex are considered one of the early
manifestations of metabolic kidney injury. Endothelial dysfunction plays a central role in this
process by disrupting vascular tone regulation and increasing vascular permeability. As a
result, tissue hypoxia and inflammatory reactions develop, contributing to further structural
damage of renal tissue.

Experimental models of metabolic syndrome provide important opportunities for studying the
mechanisms of vascular remodeling in the kidneys. Histological and morphometric analysis of
renal cortical vessels allows objective evaluation of pathological alterations and helps clarify
the relationship between metabolic disturbances and renal injury.

Understanding the morphological features of renal cortical blood vessels in metabolic
syndrome is important for early diagnosis and prevention of chronic kidney disease.
Identification of early vascular changes may contribute to the development of more effective
therapeutic and preventive strategies aimed at preserving renal function.

Therefore, the aim of the present study was to investigate the morphological characteristics of
renal cortical blood vessels in experimental metabolic syndrome and evaluate the degree of
vascular remodeling associated with metabolic disturbances.

Materials and Methods.

This experimental study was conducted to evaluate the morphological characteristics of renal
cortical blood vessels under conditions of metabolic syndrome. The investigation included 24
mature white laboratory rats weighing 180-220 g. The animals were divided into two groups:
a control group and an experimental group, with 12 animals in each group.

Experimental metabolic syndrome was induced through long-term administration of a high-
calorie diet enriched with fats and carbohydrates over a 12-week period. During the
experiment, body weight, fasting blood glucose levels, and arterial blood pressure were
monitored to assess the development of metabolic disturbances.

At the end of the experimental period, the animals were euthanized under standard laboratory
conditions. Kidney tissue samples were collected immediately and fixed in 10% neutral
buffered formalin. After fixation, the specimens were processed using conventional
histological techniques and embedded in paraffin blocks.

Histological sections measuring 5—7 pm in thickness were prepared using a rotary microtome.
The sections were stained with hematoxylin and eosin for general morphological assessment.
Microscopic examination was performed using a light microscope equipped with a digital
imaging system.

The study focused on morphological evaluation of renal cortical blood vessels, including:

. interlobular arteries
. arterioles
. capillary structures
Special attention was paid to the following parameters:
. vascular wall thickness
. vascular lumen diameter
. endothelial condition
. presence of perivascular edema
. signs of sclerosis and microcirculatory disorders
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Morphometric measurements were performed using digital image analysis software. Multiple
measurements were obtained from each specimen, and mean values were calculated for
comparative analysis between groups.

Table 1. Morphological Parameters Evaluated in Renal Cortical Blood Vessels

Parameter Evaluation Criteria Diagnostic Significance
Vascular wall thickness Microscopic morphometry Indicates vascular remodeling

lar 1 . . . .
Yascu arfumen Measurement of arterial lumen Reflects circulatory impairment
diameter
Endothelial integrity Histological assessment Evaluates endothelial damage

. . . Indi i ircul

Perivascular edema Presence of fluid accumulation drilgécr:iers microcireulatory

Structural changes in vessel
walls

Note. Morphological assessment was performed using standard histological and
morphometric methods.

Sclerotic alterations Suggests chronic vascular injury

Note. Representative histological images of renal cortical blood vessels obtained during
microscopic examination.

All obtained data were processed using descriptive statistical analysis. Quantitative values
were expressed as mean + standard deviation, and comparative evaluation between groups
was performed to identify the severity of vascular alterations.

Results

Microscopic examination of renal cortical tissue demonstrated significant structural alterations
in the blood vessels of the experimental group compared with the control group. The most
pronounced pathological changes were observed in interlobular arteries, arterioles, and cortical
capillary networks.

In the control group, renal cortical vessels maintained normal histological architecture.
Vascular walls were thin and uniform, endothelial cells were intact, and vascular lumens
remained well preserved. No signs of edema, sclerosis, or circulatory disturbances were
identified within the cortical layer.

In contrast, the experimental group with induced metabolic syndrome exhibited marked
vascular remodeling. Thickening of vascular walls was observed in the majority of specimens,
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accompanied by narrowing of the vascular lumen. Endothelial cells showed structural
irregularities, including swelling and partial desquamation. In several sections, perivascular
edema and congestion of capillary vessels were detected.

Morphometric analysis revealed a significant increase in vascular wall thickness in the
experimental group, while lumen diameter was considerably reduced. These findings indicate
progressive impairment of renal microcirculation associated with metabolic disturbances.
Table 2. Morphometric Characteristics of Renal Cortical Blood Vessels

Parameter Control Group Experimental Group
Vascular wall thickness (pm) 123+ 1.1 19.5+23

Vascular lumen diameter (um) 29.1+24 182+1.9
Endothelial condition Preserved Partially damaged
Perivascular edema Absent Moderate

Signs of vascular sclerosis Not detected Present

Note. Morphometric data obtained from histological analysis of renal cortical blood vessels.
Additional histological findings included focal thickening of the basal membrane and areas of
vascular sclerosis within cortical tissue. Capillary congestion and impaired blood flow were
more pronounced in animals with severe manifestations of metabolic syndrome.

The observed vascular alterations suggest that metabolic syndrome induces progressive
structural remodeling of renal cortical vessels, leading to deterioration of renal microvascular
circulation and potential impairment of kidney function.

Figure 2. Histological Changes in Renal Cortical Blood Vessels
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Note. Representative histological images demonstrating vascular wall thick

injury, and microcirculatory disturbances in the renal cortex under experimental metabolic
syndrome conditions.

Discussion

The results of the present study demonstrate that experimental metabolic syndrome leads to
significant structural remodeling of renal cortical blood vessels. The observed vascular
alterations, including wall thickening, narrowing of vascular lumens, endothelial damage, and
perivascular edema, indicate progressive impairment of renal microcirculation under metabolic
stress conditions.

One of the major findings of this study was the increase in vascular wall thickness in the
experimental group. This change may be associated with chronic hyperglycemia, oxidative
stress, and persistent hemodynamic overload characteristic of metabolic syndrome. Long-term
metabolic disturbances promote hypertrophy of vascular smooth muscle cells and
accumulation of connective tissue components within the vascular wall, resulting in reduced
vascular elasticity and impaired blood flow.

Endothelial damage identified in the experimental group is of particular importance because
endothelial dysfunction is considered one of the earliest pathological mechanisms in metabolic
syndrome. Structural disruption of endothelial cells contributes to altered vascular
permeability, impaired regulation of vascular tone, and activation of inflammatory pathways.
These processes aggravate tissue hypoxia and accelerate vascular remodeling within the renal
cortex.

The narrowing of vascular lumens observed during morphometric analysis suggests a
progressive reduction in renal perfusion. Impaired cortical blood supply may contribute to
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glomerular ischemia, decreased filtration efficiency, and gradual deterioration of renal
function. In addition, capillary congestion and perivascular edema detected in this study
indicate disturbances of local microcirculation and increased vascular permeability.
Another important observation was the presence of focal sclerosis in renal cortical vessels.
Sclerotic alterations reflect chronic vascular injury and may represent an early stage in the
development of nephropathy associated with metabolic syndrome. Progressive fibrosis and
vascular rigidity further compromise renal hemodynamics and contribute to chronic kidney
damage.
The findings of this study confirm that metabolic syndrome affects not only systemic
metabolism but also the structural integrity of renal microvascular networks. Morphological
and morphometric evaluation of renal cortical vessels provides valuable information regarding
the severity of vascular injury and progression of renal pathology.
Despite the informative results, several limitations should be acknowledged. The study was
conducted on an experimental animal model, which may not fully reproduce all aspects of
human metabolic syndrome. In addition, the duration of the experimental period may influence
the degree of vascular alterations observed. Further investigations involving longer observation
periods and additional molecular analysis may provide deeper understanding of the
mechanisms underlying renal vascular remodeling.
In conclusion, experimental metabolic syndrome causes pronounced morphological changes in
renal cortical blood vessels, leading to impaired microcirculation and structural renal injury.
Early identification of vascular alterations may play an important role in preventing
progression of metabolic nephropathy and preserving renal function.
Conclusion
In conclusion, experimental metabolic syndrome causes significant morphological alterations
in the blood vessels of the renal cortex. The study demonstrated pronounced vascular wall
thickening, narrowing of vascular lumens, endothelial injury, perivascular edema, and focal
sclerotic changes within renal cortical tissue.
These structural alterations indicate progressive impairment of renal microcirculation and may
contribute to the development of metabolic nephropathy. Morphometric analysis confirmed
that metabolic disturbances are associated with substantial remodeling of renal cortical vessels
and deterioration of vascular integrity.
The findings emphasize the importance of early detection of vascular changes in metabolic
syndrome. Histological and morphometric evaluation of renal blood vessels may provide
valuable diagnostic information for assessing the severity of renal involvement and predicting
progression of kidney damage.
Overall, metabolic syndrome exerts a significant negative effect on the renal microvascular
system, highlighting the need for timely preventive and therapeutic strategies aimed at
preserving renal function and reducing the risk of chronic kidney disease.
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