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Abstract 
 
 

The blood parameters was investigated in 46 patients with conservative stage of chronic 
renal failure. The development of endothelial dysfunction was observed with worsening of 
renal failure from diabetes. We identified a relationship between the acceleration of lipid 
peroxidation and decreased levels of nitric oxide in the peripheral blood in the development 
of endothelial dysfunction in diabetic nephropathy. Reactive oxygen species (ROS) play a 
significant role in the pathogenesis of many chronic diseases, such as diabetes and chronic 
renal insufficiency (1, 2,).  In addition to lipid peroxidation, in recent years, researchers have 
focused on studying endothelial function in normal and various pathological processes(3, 4). 
According to the literature, the leading causes of endothelial dysfunction include decreased 
availability of nitric oxide (NO), reduced levels of tetrahydrobiopterin (BH4) and glutathione 
(GSH), oxidative stress and the accumulation of peroxides (5,6). In patients with diabetes 
mellitus, early impaired endothelium-dependent vasodilatation is also present (7). In diabetic 
nephropathy, nitric oxide (NO) synthesis is impaired in endothelial cells. NO exhibits 
powerful vasodilator, antiplatelet, anti-proliferative and anti-atherogenic activities. The 
neutralization of this molecule leads to increased blood pressure, the development of 
thrombosis and progression to atherosclerosis (8). It was revealed the information about 
significant impairment of endothelium-dependent vasodilation and oxidative stress, and 
some even reacquire intact kidney filtration dysfunction in diabetic patients. In the 
pathological process of chronic renal failure, which develops in diabetic patients and is even 
more exacerbated, the degree of extracellular and intracellular oxidative stress correlates with 
the severity of renal failure (8, 9). In similar pathologies, the early inactivation of NO is due 
to the glycosylation of end products and oxidizing radicals resulting from chronic 
hyperglycemia (10, 11). Despite numerous studies on the process of lipid peroxidation and 
antioxidant components in diabetic nephropathy, the role of lipid peroxidation in the 
development of endothelial dysfunction is not fully understood. The aim of the present 
investigation was to study the endothelial dysfunction associated with antioxidant system 
(AOS) injury in patients with diabetic nephropathy. 
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Material and Methods 
 

Study design. This study involved 46 patients with conservative management 
of renal failure. The main group consisted of 20 patients with diabetes mellitus in 
addition to renal failure, and 26 patients with renal failure were included in the 
comparison group. The control group contained 15 healthy people with a normal 
somatic, endocrinological and neurological status. In all patients, a general blood and 
urine analysis was performed and the concentration of urea and creatinine in the 
blood serum was determined using a set of reagents "Human" (Germany). The 
patients with stable blood sugar levels based on their use of insulin were included in 
the subsequent analyses. The average blood sugar level of the patients in the main 
group was defined on the basis of dynamic monitoring. Patients on hemodialysis were 
not used in this study. 
 

Determination of the nitric oxide (NO) level in the peripheral blood. The 
concentration of NO was quantified using the Griess reaction (Thermo 
Scientific/Pierce Biotechnology, Rockford, IL, USA). This test is based on the 
conversion of nitrate to nitrite by the enzyme nitrate reductase. The nitric oxide level 
in the sample was measured by determining the concentrations of nitrates and nitrites. 
The samples were ultra-filtered (cut-off of 10,000 Da). Then, the nitrite concentration 
was determined using a standard curve of nitrites, and the nitrate concentration was 
calculated by subtracting the initial nitrite concentration from the nitrite concentration 
after the enzymatic conversion of nitrate to nitrite.  

 
Determination of the concentration of antioxidant system products in the 

peripheral blood. The state of the AOS was measured by the activities of catalase 
(KAT) and superoxide dismutase (SOD) and the levels of glutathione peroxidase 
(GPx) and reduced glutathione (GSH) in the blood. The activity of KAT was 
measured spectrophotometrically using the method described by M.A. Korolyuk (12). 
The principle of this method is based on the ability of hydrogen peroxide to form a 
stable, colored complex with molybdenum salts.  

 
The SOD activity was determined by the method of Dubinin (13). This 

method examines the degree of inhibition of the recovery process of nitroblue 
tetrazolium in the presence of NAD and phenazine. The level of GPx was determined 
by the method of Moin (14). The principle of this method is based on the rate of 
oxidation of glutathione in the presence of tert-butyl hydroperoxide.  
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The concentration of GSH was determined by the method described by 
Ellman (15). The principle of this method consists of the formation of a colored 
product via the reaction of Ellman's reagent with sulfhydryl groups. 

 
Statistical processing of the data. The statistical analysis of the results of this 

study included parametric (Student’s t-test) and nonparametric (Wilson-Mann-
Whitney test) methods. The results are expressed as the average ± the average 
standard error (M ± m). Sharply differing numbers were eliminated by Fischer’s exact 
test (Fischer), and p <0.05 denoted significant differences.  
 
Results and Discussion 
 

The clinical characteristics of the patients are summarized in Table 1. There 
were no differences in age or gender between the study groups. High concentrations 
of urea and creatinine in the blood were found in the main and comparison groups 
compared with the control group, which confirms the presence of renal insufficiency. 
Statistically higher level of urea and creatinine in the blood of main group patients 
reflects the low filtering function of the kidneys of these patients. As shown in Table 
1, the glucose levels and blood pressures of the diabetic nephropathy patients in the 
comparative group were relatively higher than those in the control group. 
 

Table 1. Clinical characteristics of study group 
 

Parameters Main group 
n=20 

Comparison group  
n=26 

Control group 
n=15 

Age 49±4.3 52±6.5 47±1.3 
Male/Female 11/9 13/13 7/8 
Arterial blood presurre mm. Hg 156±11.6* 136±14.2 124±9.5 
Blood creatinine, mkmol/L 798,6±80,5* 638,9±43,6 88,4±2,9 
Blood urea,  mmol/l 31,9±1,65 28,9±1,65 5,2±0,25 
Blood glucose, mmol/l 9.2±1.4 5.5±0.89 5.4±1.2 
 

* p<0.05 in comparison with control group.   
 

The indices of the AOS are shown in Figure 1. The parameters of the 
antioxidant system in the studied groups differed. In the main group of patients with 
chronic renal failure, these parameters were significantly reduced, whereas in the 
comparative group, a significant increase in the SOD and KAT activities were 
observed. However, the concentration of GSH and the activity of QPx were 
decreased in main group patients.  
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It is known that hydrogen peroxide (H2O2) is the substrate of KAT and an 

allosteric inhibitor of SOD.  Therefore, an increase in KAT activity decreases the 
amount of H2O2 in the cell, thus increasing the activity of SOD. According to several 
authors, SOD is activated in response to the destruction of the structure of 
erythrocyte membranes by the invasive products of lipid peroxidation and protects 
the membrane from deeper damage (13).  

 
The increase in the SOD activity may compensate for the lack of other factors 

that deplete superoxide radicals, as for example, ceruloplasmin and glutathione are 
reduced in the blood of patients with kidney disease (16). Based on the results of 
these studies, an increase in the activity of SOD is an adaptive measure that is aimed 
at reducing the level of reactive oxygen radicals and maintaining the integrity of 
erythrocyte membranes under oxidative stress. The high SOD activity in chronic renal 
failure in the comparative group can also be considered to be compensatory, as an 
adaptive response of the organism under conditions of hypoxia and inflammation, 
which contribute to the excessive formation of superoxide anions. The decrease in all 
of the analyzed AOS indexes in the main group compared with the control group also 
draws attention. Consequently, in diabetic nephropathy, the significant decline in the 
compensatory-adaptive abilities of the organism result in a more profound depletion 
of its antioxidant defense mechanisms. 

 
Comparison of the level of nitric oxide in the peripheral blood of the patients 

with diabetic nephropathy in the test groups revealed a sharp drop in both the main 
and comparative groups compared with the control group (Figure 2). 

 
According to the literature, the low levels of nitric oxide in renal failure are 

due to several phenomena. For example, as the synthesis of L-arginine has been 
determined to be a major source of nitric oxide, its deficit is one of the main cause of 
low NO levels in chronic renal failure. Another phenomenon causing low levels of 
NO is the inhibition of NO synthase. Our findings suggest that one of the reasons to 
reduce the level of NO in the blood of diabetic patients with chronic renal failure is 
endothelial dysfunction.  

Endothelial dysfunction is not just the result of abnormalities in the kidneys, 
as the blood contains toxic nitrogenous products. Additionally, the acceleration of 
lipid peroxidation causes endothelial cell damage by free radicals. This subsequently 
leads to the inhibition of endothelial NO synthase and a reduction in the level of NO 
in the peripheral blood. 
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Figure 1. AOS parameters in peripheral blood of study groups (*p<0.05 compared 
with comparison group, ˆp<0.05 compared with control group). 

 
 

 
 

Figure 2. The concentration of NO (mkmlol/L) in the study groups (*p<0.05 
compared with control group) 

 
According to the results of previous research, the main reasons for the 

progression of renal failure to death are cardiovascular complications, in which high 
blood pressure is a result of reduced synthesis of endogenous nitric oxide (10, 17). In 
our study of patients with chronic renal failure, we also observed increases in blood 
pressure and blood glucose levels in the main group compared with the other two 
groups. 
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Thus, the lack of a normal AOS system is a main cause of endothelial 
dysfunction in patients with diabetic nephropathy. The timely evaluation of the 
changes in the processes of the antioxidant defense system in patients with chronic 
renal failure and diabetes and the institution of the necessary therapeutic measures 
should prevent the development of endothelial dysfunction, thus influencing the 
course of chronic renal failure. 
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