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Abstract  Hemodialysis by 60-90 minutes is associated with progressive activation of free radical oxidation (an increase 

in MDA concentration by 950.60% and a decrease in SOD activity by 11.48% and CT by 24.40%). Towards the end of HD, 

LPOactivation continues to progressively deteriorate. Intradialytic physical activity has a protective effect by limiting the 

activation of LPO, as well as promoting the activation of AOS.  
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1. Introduction 

Patients on program hemodialysis often develop 

haemorheological disorders. The mechanism of these 

disorders is complex and includes activation of platelets 

upon contact with the surface of the dialyzer membrane, 

vascular prostheses, circuit conductors [1,2], depletion of 

endothelial expression of the tissue thromboplastin inhibitor 

[3] and endothelial dysfunction, in which the expression of 

nitric oxide and prostacyclin by endothelial cells is impaired, 

plasminogen activator and thromboplastin [3,4,5]. Activation of 

von Wille-brandt factor on the platelet membrane during 

hemodialysis also contributes to the prothrombotic status of 

patients [6,7,8]. 

In patients with chronic kidney disease stage 5, the 

concentration of homocysteine is increased [4,9], which    

is associated with both impaired renal clearance [10] and 

systemic changes in metabolic activity [11]. Also, metabolic 

changes in patients with chronic kidney disease stage 5 are 

characterized by hyperlipidemia and dyslipidemia [12]. 

One of the key aspects of endothelial dysfunction in 

patients with chronic kidney disease stage 5 is the reduced 

bioavailability of nitric oxide [4]. The mechanisms of this 

phenomenon in this cohort of patients are not only the 

irreversible binding of the molecule by free hemoglobin,  

but also the inactivation of nitric oxide by free radicals that 

are formed during the activation of neutrophils during 

contact with the dialysis membrane [13] and the influence of 

homocysteine [14]. 

A study [15] conducted during the dialysis procedure 

found that during dialysis in patients the concentration of 
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malondialdehyde and the activity of superoxide dismutase 

increased, which reflects the activation of lipid peroxidation 

and antioxidant defense. The authors suggest that this reflects 

endothelial cell membrane damage and dysfunction, although 

the concentration of stable nitric oxide metabolites showed  

a nonsignificant increasing trend, which may be associated 

with increased macrophage nitrate synthase activity. In a 

Ukrainian study [16], on the contrary, a decrease in the 

concentration of stable nitric oxide metabolites was found, 

with regard to the concentration of malondialdehyde and  

the activity of superoxide dismutase and catalase, the result 

coincides with the Ryazan authors [15]. At the same time,  

the number of circulating endothelial cells did not change 

during hemodialysis, although the correlations between   

the concentration of malondialdehyde and the number of 

circulating endothelial cells were significantly positive. 

Therapeutic interventions to prevent intradialytic vascular 

dysfunction may include changes in the hemodialysis 

regimen - intensive nocturnal hemodialysis, changing the 

dialysate solution, the use of dialysate membranes with 

modified surface properties, but this approach is associated 

with financial and logistical difficulties, and in addition, does 

not yet have a sufficient evidence base. The use of drugs 

aimed at normalizing the functional state of the endothelium 

- levorotatory arginine - is controversial, since in patients 

with chronic kidney disease there is a systemic inflammatory 

reaction accompanied by activation of macrophage nitric 

oxide synthase, which calls into question the effectiveness of 

drugs that release nitric oxide [17]. Another group of drugs 

with proven endothelial effectiveness, statins, do not have  

a point of application in chronic kidney disease, since they 

are absorbers and not synthetics of cholesterol; in addition,  

in patients with chronic kidney disease, cholesterol has a 

cytostatic effect on inflammatory effectors [18]. 
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A possible treatment option could be dynamic physical 

activity (PE), which helps normalize the functional state   

of the endothelium [19]. Also, dynamic physical activity 

promotes the effective transition of extracellular fluid into 

the lumen of blood vessels and minimization of intradialytic 

hypotension [20,21]. The effect of physical activity on the 

functional state of the vascular wall in patients with chronic 

kidney disease requires a detailed study, including assessment 

of various mechanisms. 

Purpose of the study: To study the intradialytic dynamics 

of LPO and AOS activity against the background of standard 

hemodialysis and with the use of intradialytic physical 

activity. 

2. Materials and Research Methods 

The present study included 103 patients with chronic 

kidney disease stage 5 and 20 age-matched healthy volunteers. 

All study participants signed informed consent and received 

explanations about the importance of physical activity     

in maintaining health and treatment tactics, as well as the 

complexity of the pathophysiological changes associated 

with the terminal stage of chronic kidney disease and chronic 

disease. 

All study participants underwent a laboratory and 

instrumental examination, including the LPO/AOS systems. 

The data obtained from the group of patients with chronic 

kidney disease 5 stage  (103 people) were compared with 

the data obtained in the group of healthy volunteers (CG), 20 

people). 

All patients with chronic kidney disease stage 5 included 

in the study were examined during 2 hemodialysis sessions, 

each after a 3-day break. The first session was carried out 

according to the standard method for the patient. Before the 

session (standard HD0), during the session at 60-90 minutes 

of  hemodialysis (standard Hemodialysis 1) and after the 

end of hemodialysis (standard hemodialysis 2), patients 

underwent serial laboratory testing. The second hemodialysis 

session was carried out using intradialytic physical activity 

for 30minutes and 1hour of hemodialysis. Serial examinations 

were carried out according to the above-described scheme. 

During the study, the intradialytic dynamics of the studied 

pathophysiological changes were studied, and the dynamics 

were compared against the background of standard hemodialysis 

and hemodialysis with FN. 

The study included persons aged 18-70 years with chronic 

kidney disease stage 5 of various etiologies, who were  

aware of the essence of the disease, the effects and risks    

of using physical activity, and who agreed to participate in 

the study. The criteria for non-inclusion in the study were: 

the presence of pathology limiting physical performance or 

terminal organ failure, other than chronic kidney disease, 

malignant tumors, fever, acute period of infectious diseases 

or exacerbation of chronic diseases affecting performance 

and quality of life, incapacity of the patient or refusal of the 

patient to participate in the study. 

The majority of patients included in the study were in the 

age group of 40-49 years, slightly less often- 30-39 years. 

According to the etiology, in the majority of patients, chronic 

kidney disease developed due to chronic glomerulonephritis 

(36 people) and type 2 diabetes (33 people). According to 

hemodialysis experience, all patients were evenly represented 

in 3 categories: up to 6 months, 6-12 months and 12-24 months. 

Laboratory studies included hematological parameters. 

Blood was collected from the cubital vein using vacutainers 

with an appropriate anticoagulant. The studies were carried 

out on automatic analyzers - hematological and biochemical. 

Studies included: 

-  concentration of malondialdehyde (MDA, nmol/ml), 

activity of superoxide dismutase (SOD, units/ml)) and 

catalase (CT, µmol/min/l) - biochemical analyzer after 

blood centrifugation and serum isolation. 

The intervention whose effectiveness was studied in this 

study was intradialytic exercise. For this purpose, a portable 

simulator was used, designed for pedaling with hands or feet 

in a sitting or lying position. The load was carried out for 30 

minutes in the first hour from the start of hemodialysis.  

Most of the patients used foot pedaling with a resistance of 

25 W and a pedaling speed of 60 rpm. In the case of muscle 

atrophy of the lower extremities, a low-intensity load was 

applied - without resistance and at a speed of 30 rpm. In the 

case of gangrene, amputation of the foot/part of the foot, 

trophic ulcers, severe painful form of peripheral neuropathy, 

manual pedaling without resistance was used at a speed of  

60 rpm. 

All data obtained during this study were entered into 

summary tables in Excel for Windows 2007 and then sorted 

into groups in accordance with the purpose and objectives of 

the study. In the case of parametric data subject to a normal 

distribution, arithmetic means and their standard errors  

were calculated for the groups; intergroup comparisons  

were carried out using an unpaired Student's test. In the  

case of non-parametric characteristics, their frequency was 

determined and intergroup comparison was carried out using 

the chi-square table test and assessing its reliability using 

tables taking into account the number of degrees of freedom. 

The dynamics of indicators in groups was calculated as the 

average value of the relative dynamics of indicators for all 

participants in the group; the reliability of the dynamics was 

determined using a paired Student's test. 

3. Research Results and Discussion 

During the study, 103 patients receiving program 

hemodialysis were examined before, during (during the 2nd 

hour of hemodialysis) and after the hemodialysis procedure, 

carried out after a 3-day break. The creatinine concentration 

in the main group of patients was 665.89±13.47 µmol/l    

vs 67.70±1.85 µmol/l in the CG (p<0.001) and did not  

differ depending on the age of the patients (670.69±20.04 

µmol/ l, in patients under 41 years of age and 661.24±17.69 

µmol/l, p>0.05) and the etiology of chronic kidney disease 
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(668.55±28.37 µmol/l in patients with diabetes and 

656.35±12.91 µmol/l in patients with non-diabetic etiology 

of chronic kidney disease, p>0.05). 

The study of the activity of LPO/AOS processes revealed 

a significant increase in the concentration of MDA and     

a decrease in the activity of SOD and CT in patients      

with chronic kidney disease 5 stage compared to the CG      

(p <0.001 significance of the difference in all three indicators 

from the CG). Also, in patients with chronic kidney disease  

5 stage, an increase in the concentration of his CRP was 

found (p<0.001 significant difference from the CG), which 

indicates the activity of systemic inflammation in this cohort 

of individuals (Table 1). 

Table 1.  Indicators of LPO/OSA in patients with CKD 5D compared with CG 

Index GD (n=103) CG (n=20) 

MDA, nmol/ml 2.84±0.07 0.97±0.04*** 

SOD, units/ml 163.54±6.89 212.65±5.53*** 

CT, µmol/min/l 155.68±4.30 254.80±9.51*** 

Note: * - significance of the difference between groups: one sign - p<0.05, three 

signs - p<0.001. 

Serial examination carried out during the GB procedure 

(60-90 minutes from the start of the procedure) demonstrated 

the following activation of LPO (increase in MDA concentration 

by 590.60%, p<0.001) and a decrease in AOS activity 

(relative dynamics of SOD activity -11.48%, CT – 24.40%, 

p<0.001 significant difference with the initial data of both 

indicators, Table 2). 

A control examination carried out 5-10 minutes after 

completion of the HD procedure showed a progressive shift 

in the balance in favor of peroxidation in the LPO/AOS 

system: the concentration of the final product LPO (MDA) 

increased by 729% of the original, and the activity of the 

ASO enzymes SOD and CT increased decreased by 20.33% 

and 28.28%, respectively (p<0.001 significance of the 

difference with the original data for all three indicators). 

The second stage of the study included studying the 

characteristics of intradialytic dynamics of LPO/AOS in 

patients with chronic kidney disease 5 stage during the use  

of moderate physical activity during the hemodialysis 

procedure. The study was conducted during a programmatic 

hemodialysis session after a 3-day break. 

Laboratory data before the hemodialysis procedure did not 

differ from those described above. This indicates that all 

changes that occurred during the hemodialysis were restored 

to the original data, i.e., each hemodialysis procedure is a 

kind of “swing” with the activation of LPO and the subsequent 

return of pathological changes to the original state. 

The LPO/AOS system demonstrated a significantly  

more favorable dynamics profile against the background   

of hemodialysis with FN (Table 3): the increase in the 

concentration of MDA and the decrease in the activity of 

SOD and CT were significantly lower by the 60-90th minute 

of hemodialysis with intradialytic FN compared to the 

dynamics against the background of standard hemodialysis 

(p<0.001 significance of the difference in absolute values 

and relative dynamics achieved by 60-90 minutes of HD). 

Also, by the end of the hemodialysis procedure against the 

background of FN, the concentration of MDA showed a 

tendency to decrease, although it did not reach the initial 

values (p<0.001 significance of the difference with the initial 

data), while the activity of SOD and CT increased and 

reached values higher than predialysis (p <0.001 significance 

of the difference in the activity of both enzymes compared  

to the original data). Against the background of standard 

hemodialysis, on the contrary, all pathological changes 

observed by 60-90 minutes of dialysis continued to progress 

until the end of the procedure (p<0.001 significance of the 

difference in all the three studied indicators of LPO/AOS 

activity and their relative dynamics by the end of hemodialysis, 

depending on the procedure option). 

The patients included in this study tolerated exercise 

satisfactorily, however, in patients with type 2 diabetes with 

clinically pronounced diabetic foot syndrome, manifested in 

trophic ulcers, gangrenous changes in the feet, and a painful 

form of peripheral nephropathy, load correction was required: 

in 2 cases manual load was used (manual bicycle), in 5 cases 

– the intensity and speed of pedaling were reduced. 

Thus, the present study showed that the use of intradialytic 

physical activity can reduce the severity of pathological 

changes characteristic of the hemodialysis procedure, and  

in terms of AOS, even increase the activity of the system 

compared to the indicators before hemodialysis. 

 

Table 2.  Dynamics of hematological parameters in patients with CKD 5D during HD 

Index Before HD (n=103) 
60-90 minutes HD (n=103) 

% dynamics (n=103) 

5 minutes after HD (n=103) 

% dynamics (n=103) 

MDA, nmol/ml 2.84±0.07 
18.24±0.71^^^ 

590.60±35.74 

23.73±0.74^^^ 

792.49±38.63 

SOD, units/ml 163.54±6.89 
138.44±6.98^^^ 

-11.48±0.45 

126.34±6.90^^^ 

-20.33±0.84 

CT, µmol/min/l 155.68±4.30 
121.02±4.32^^^ 

-24.40±0.94 

115.53±4.32^^^ 

-28.28±1.05 

Note: ^ - reliability of the difference with the original data. Three signs – p<0.001. 
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Table 3.  Dynamics of hematological parameters during programmed hemodialysis against the background of intradialytic physical function 

Index Before HD (n=103) 
60-90 minutes HD (n=103) 

% dynamics (n=103) 

5 minutes after HD (n=103) 

% dynamics (n=103) 

MDA, nmol/ml 2.84±0.07*** 
6.30±0.10^^^### 

133.12±5.38### 

4.79±0.12^^^### 

74.63±4.21### 

SOD, units/ml 149.65±6.50*** 
146.59±6.47^^^### 

-2.28±0.09### 

233.03±7.48^^^### 

65.54±4.44### 

CT, µmol/min/l 153.13±4.35#*** 
150.13±4.32^^^### 

-2.06±0.09### 

184.79±4.39^^^### 

22.85±0.92### 

Note: * - reliability of the difference between the indicators of the CG and the chronic kidney disease 5 stage group 

before the hemodialysis procedure, ^ - reliability of the difference with the data before Hemodialysis, # - reliability   

of the difference with the data during the standard hemodialysis procedure. One sign– p<0.05, two signs – p<0.01,  

three signs – p<0.001. 

4. Conclusions 

Hemodialysis by 60-90 minutes is associated with 

progressive activation of free radical oxidation (an increase 

in MDA concentration by 950.60% and a decrease in SOD 

activity by 11.48% and CT by 24.40%). Towards the end of 

hemodialysis, LPO activation continues to progressively 

deteriorate. Intradialytic physical activity has a protective 

effect by limiting the activation of LPO, as well as promoting 

the activation of AOS. 

 

REFERENCES  

[1] Ilyin AP, Bogoyavlensky VF. Thrombophilia during 
hemodialysis in patients with chronic renal failure and its 
fraxinoprophylaxis and therapy. Kazan, 2001; 3-32. 

[2] Sagripanti A, Cupisti A, Baicchi U. et al. Plasma parameters 
of the prothrombotic state in chronic uremia. Nephron 1993; 
63: 273-278. 

[3] Cella G, Vertolli U, Naso A. et al. Tissue factor pathway 
inhibitor (TFPI) activity in uremic patients during hemodialysis. 
Thromb Res 1996; 81: 671- 677. 

[4] U.V. Kharlamova, O.E. Ilyicheva. State of endothelial 
function and hemostatic system in patients on hemodialysis // 
ISSN 1561-6274. Nephrology. 2010. Volume 14. No. 4. U.V. 
Kharlamova, O.E. Ilyicheva, 2010 UDC 611.018.74+616- 
008.841.5]: 616.61-008.64-036.12-085.38. 

[5] Manukhina EB, Malyshev IU. The role of nitric oxide in 
cardiovascular pathology: the view of a pathophysiologist. 
Ross Cardiology Journal 2000; (5): 55-63. 

[6] Bardic R, Rugerri ZM, Savion N et al. Platelet aggregation on 
extracellular matrix: effect of a recombination GPIb-binding 
fragment of von Willebrand factor. Thromb Haemos 1993; 70: 
522-526. 

[7] Blann AD. Von Willebrand factor and the endothelium in 
vascular disease. Brit J Biomed Sci 1993; 50: 124-134. 

[8] Ruggery ZM, Ware J, Ginsberg D. Von Willebrand factor. 
Thrombosis and Haemorrhage 1994; 67:305-329. 

[9] Mayer E, Jacobsen D, Robinson K. Homocysteine and coronary 
atherosclerosis. J Am Coll Cardiol 1996; 27: 517-527. 

[10] Bostom A, Brosnan JT, Hall B. Net uptake of plasma 
homocysteine by the rat kidney in vivo. Atherosclrrosis 1995; 
116: 59-62. 

[11] Suliman ME, Divino Filho JC, Barany P et al. Effects of 
high-dose folic acid and pyridoxine on plasma and erythrocite 
sulfur amino acids in hemodialysis patients. J Am Soc Nephrol 
1999; 10: 1287-1296. 

[12] Smirnov AV, Yesayan AM, Kayukov IG, etc. Modern 
approaches to slowing the progression of chronic kidney disease. 
Nephrology 2004; (3): 89-99. 

[13] Hoenicb NA. Platelet and leucocytes behavior during 
haemodialysis. Contrib Nephrol 1999; 125; 120-132. 

[14] Lang D, Kredan MB, Lang D, Moat SJ. et al. Homocysteine- 
induced inhibition of endothelium-dependent relaxation in 
rabbit aorta: Role for superoxide anions. Arterioscler Thromb 
Vasc Biol 2000; 5: 257-261. 

[15] R.E. Kalinin, I.A. Suchkov, A.A. Egorov, N.N. Nikulina, A.A. 
Nikiforov. Endothelial dysfunction in patients on program 
hemodialysis // science of the young (Eruditio Juvenium). 2019. 
Vol. 7, No. 1. pp. 79-85. 

[16] Susla A.B., Misula I.R., Gozhenko A.I. The effect of 
hemodialysis on endothelial dysfunction in patients with end-stage 
renal failure. Wedge. honey. 2017; 95 (10): 935–939. 

[17] Susanna Campo, Antonio Lacquaniti, Domenico Trombetta, 
Antonella Smeriglio, and Paolo Monardo1, Immune System 
Dysfunction and Inflammation in Hemodialysis Patients: 
Two Sides of the Same Coin// J Clin Med. 2022 Jul; 11(13): 
3759. 

[18] SeminDial. Author manuscript; available in PMC 2019 May 
Published in final edited form as: Semin Dial. May 2018; 
31(3): 258–267. Published online 2018 Apr 6. doi:10.1111 
/sdi.12694 PMCID: PMC6023623 NIHMSID: NIHMS951049 
PMID: 29624739 Hemodialysis-induced Cardiovascular Disease. 
Shadi Ahmadmehrabi and W. H. Wilson Tang. 

[19] Kazuki Hotta, Bradley J Behnke, Bahram Arjmandi, Payal 
Ghosh, Bei Chen, Rachael Brooks, Joshua J Maraj, Marcus L 
Elam, Patrick Mahr, Daniel Kurien, Alexandra Churchill, 
Jaime L Sepulveda, Max B Kabolowsky, Demetra D Christou, 
Judy M Muller-Delp. Daily muscle stretching enhances blood 
flow, endothelial function, capillarity, vascular volume and 
connectivity in aged skeletal muscle // J Physiol. 2018 May 
15; 596(10): 1903-1917. 

[20] Matthew PM Graham-Brown, William G Herrington,    
and James O Burton. Spinning the legs and blood: should 



10 A. B. Daminov and M. A. Sabirov:  Intradialysis Dynamics of the Activity 

of Free Radical Oxidation and the Antioxidant System 

 

intradialytic exercise be routinely offered during maintenance 
haemodialysis // Clin Kidney J. May 2021; 14(5): 1297–1300. 

[21] So Yon Rhee, Jin Kyung Song, Suk Chul Hong, Jae Won 
Choi, Hee Jung Jeon, Dong Ho Shin, Eun Hee Ji, Eun-Hee 

Choi, Jiyeon Lee, Aram Kim, Seung Wook Choi, and   
Jieun Oh. Intradialytic exercise improves physical function 
and reduces intradialytic hypotension and depression in 
hemodialysis patients // Korean J Intern Med. May 2019; 34(3): 
588–598.  

 

 
Copyright ©  2024 The Author(s). Published by Scientific & Academic Publishing 

This work is licensed under the Creative Commons Attribution International License (CC BY). http://creativecommons.org/licenses/by/4.0/ 

 

 

 

 
 


