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Abstract

To comprehensively study the effects of an atherogenic cholesterol load and acute subtotal cerebral ischemia, both in 
isolation and in combination, on the degree of structural damage to the vascular endothelium and the dynamics of stable 
nitric oxide metabolites in the systemic circulation in a rat model.
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Objective

To comprehensively study the effects of an atherogenic 
cholesterol load and acute subtotal cerebral ischemia, both 
in isolation and in combination, on the degree of structural 
damage to the vascular endothelium and the dynamics of 
stable nitric oxide metabolites in the systemic circulation in 
a rat model.

Materials and Methods

Experiments were performed on 28 white outbred male 
rats divided into 4 groups of 7 animals each. The first group 
served as an intact control. In the second group, a choles-
terol load was modeled by daily dietary supplementation of 
cholesterol at 50 mg per kg of body weight for two weeks. In 
animals of the third group, a model of subtotal cerebral isch-
emia (SCI) was induced. The fourth group was subjected to 
a combination of both pathological interventions: cholesterol 
loading followed by SCI. The number of circulating endothe-
lial cells (CECs) in peripheral blood, determined by standard 
cytological methods, served as an integral marker of mor-
phological damage to the vascular intima [1, 8]. The func-
tional state of the endothelium-dependent vasodilator sys-

tem was assessed by measuring the concentration of stable 
end metabolites of nitric oxide in blood plasma, expressed 
as nitrite levels [3, 13]. Blood samples for analysis were col-
lected under ether anesthesia via catheterization of the com-
mon carotid artery. Statistical analysis was performed using 
non-parametric tests. Results are presented as median and 
interquartile range, with differences considered statistically 
significant at p < 0.05.

Scientific Novelty

For the first time within a single experimental protocol, a 
comparative study was conducted on the nature and extent 
of vascular endothelial damage, as well as the direction of 
changes in the nitric oxide system, under two fundamentally 
different pathological conditions: a metabolic state induced 
by cholesterol loading and a circulatory state caused by 
acute cerebral ischemia. It is demonstrated that these fac-
tors exert opposing effects on the level of circulating NO me-
tabolites, deepening our understanding of the pathogenesis 
of endothelial dysfunction in cardio- and cerebrovascular pa-
thology [2, 4, 12].
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Cholesterol is a vital lipid molecule that plays an indispens-
able role in human physiology. It is a fundamental structural 
component of all animal cell membranes, where it modulates 
membrane fluidity and permeability. Cholesterol serves as 
a precursor for the synthesis of steroid hormones (including 
cortisol, aldosterone, and sex hormones like estrogen and 
testosterone), bile acids essential for fat digestion, and vi-
tamin D [20]. In the bloodstream, cholesterol is transported 
within lipoprotein particles. Low-density lipoprotein (LDL) 
delivers cholesterol to peripheral tissues, while high-density 
lipoprotein (HDL) facilitates its reverse transport back to the 
liver for excretion or recycling. Under normal homeostatic 
conditions, this system is tightly regulated. However, chronic 
dietary excess of cholesterol and saturated fats, particularly 
through the consumption of atherogenic diets, can lead to a 
pathological state of hypercholesterolemia [5]. In this condi-
tion, elevated levels of LDL-cholesterol promote its accumu-
lation within the subendothelial space of arterial walls. This 
initiates a cascade of events including oxidation, inflamma-
tory cell recruitment, and foam cell formation, which are cen-
tral to the development of atherosclerosis [9, 18]. The sub-
sequent endothelial dysfunction, characterized by impaired 
nitric oxide bioavailability and a pro-inflammatory, pro-throm-
botic state, is the critical link between hypercholesterolemia 
and clinical cardiovascular events such as myocardial infarc-
tion and stroke [2, 6]. This study explores the specific impact 
of such an atherogenic load on endothelial integrity.

Results and Discussion
 
The study revealed a significant and pronounced increase in 

the number of circulating endothelial cells in all experimen-
tal groups compared to the control (Table 1). The greatest 
increase in this parameter, indicating massive endothelial 
desquamation, was observed in rats with cholesterol load-
ing, where the CEC level exceeded the control by 3.53-fold 
[1]. Isolated cerebral ischemia led to a 2.1-fold increase in 
CEC count, while the combined effect of both factors result-
ed in a 2.8-fold increase. These data unequivocally indicate 
the development of significant morphological damage to the 
vascular intima under conditions of both an atherogenic diet 
and acute cerebral ischemia [2, 8].
Investigation of the biochemical marker—the concentration 
of stable nitric oxide metabolites (NOx)—revealed diver-
gent changes (Table 1). Cholesterol loading led to a distinct 
16.56% decrease in plasma NOx levels relative to control, 
consistent with the classical understanding of endothelial 
dysfunction development in hypercholesterolemia associ-
ated with reduced basal NO production by endothelial NO 
synthase (eNOS) [5, 10, 13]. This decrease reflects impaired 
endothelial vasodilatory capacity and a key early step in 
atherogenesis. In stark contrast, subtotal cerebral ischemia 
caused a sharp, nearly threefold increase in NO metabolite 
concentration. This effect is likely mediated by activation of 
the inducible form of NO synthase (iNOS) in neural, glial, and 
inflammatory cells in response to the ischemic and inflam-
matory stimulus [11, 14, 19]. This high-output NO production, 
while part of the immune response, can contribute to nitrosa-
tive stress, exacerbate neuronal damage, and mediate sys-
temic effects.

Group No Rat groups CECs, cells/100 µl [NOx], µmol/l 
1 Control 3,30 (2,64; 3,96) 33,21 (30,50;5,90)
2 Cholesterol (n=7) 6,82 (5,06; 13,42) * 27,71  (23,75;30,79) *+
3 SCI (n=7) 11,66 (7,92; 15,18) * 92,37 (83,58;111,29) *
4 SCI + Cholesterol (n=7) 9,24 (6,60; 16,28) * 43,99  (40,91%;70,38) *+∆
5 Nicotine  (0,3 мг/кг) 8,80 (5,94; 11,00) * 23,31 (21,11; 25,07) *
6 Nicotine (1,0 мг/кг) (n=7) 5,28 (4,84; 5,72) * 31,01 (25,74;32,77)
7 Nicotine (0,3 мг/кг) + Cholesterol (n=7) 4,62 (4,40; 5,50) * 31,01 (26,83; 33,43)
8 Nicotine (1,0 мг/кг) + Cholesterol (n=7) 4,18 (3,74; 5,28) 24,63 (22,43;25,95) *
9 SCI +Nicotine (0,3 мг/кг) + Cholesterol (n=7) 7,44 (5,98; 9,24) * 30,66 (21,56;35,87)
10 SCI +Nicotine (1,0 мг/кг) + Cholesterol (n=7) 8,52 (6,72; 10,36) * 32,64 (18,92;38,17)

Notes:
1. * - Statistically significant differences compared to the control group, p < 0.05.
2. + - Statistically significant differences compared to the group of rats with SCI, p < 0.05.
3. Δ - Statistically significant differences compared to the group of rats with cholesterol load, p < 0.05.

Table 1 – Content of Circulating Endothelial Cells and Stable Metabolites [NOx] in the Blood of Rats with Nicotine Intoxication, Choles-
terol Load, and Nicotine Intoxication, Median (25%; 75%).
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Abbreviations

CECs – Circulating Endothelial Cells
[NOx] – Concentration of stable nitric oxide metabolites
SCI – Subtotal Cerebral Ischemia
n – number of animals in group
In the group with combined exposure, a moderate 32.46% 
increase in NOx was observed, which was significantly less 
pronounced than with isolated ischemia. This result demon-
strates a complex interaction of pathogenetic mechanisms: 
the pro-inflammatory stimulation of iNOS-derived NO pro-
duction during ischemia is partially counteracted by the in-
hibitory effect of hypercholesterolemia on constitutive eNOS 
function [7, 13, 18]. This suggests that pre-existing endothe-
lial dysfunction may modulate the neurovascular response to 
acute ischemia.

Conclusions 

Cholesterol loading and subtotal cerebral ischemia are po-
tent factors causing structural damage to the vascular endo-
thelium [2, 13]. However, they exert opposing effects on the 
systemic level of stable nitric oxide metabolites: cholesterol 
loading reduces it, reflecting classical endothelial dysfunc-
tion, whereas brain ischemia significantly increases it, asso-
ciated with the activation of inducible cellular inflammatory 
mechanisms [11, 19]. The combined action of these factors 
results in a less pronounced increase in NOx compared to 
isolated ischemia, indicating a competitive interaction be-
tween impaired endothelial NO synthesis and inducible NO 
overproduction under conditions of combined metabolic and 
circulatory pathology. These findings highlight the distinct 
and interactive pathways of endothelial injury and systemic 
NO metabolism in different disease states.
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