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Object of study. The study involved 68 patients with CKD VD: 14 patients were treated  by hemodiafiltration (HDF), 25patients by 
hemodialysis (HD) and 29 patients by peritoneal dialysis (PD). 
HDF groups - average age (49,64 ± 4,39) years, duration of dialysis treatment (4,41 ± 0,63) years, the average weight (73,31 ± 3,31) 
kg, average Hb 98,3 ± 2.46) g / l
HD- groups - average age (53,07 ± 3,13) years, duration of dialysis treatment (3,21 ± 0,83) years, the average weight of (66,7 ± 4,03) 
kg, mean Hb level before treatment (92 76 ± 2,46) g / l
PD - average age (48,07 ± 3,13) years, duration of dialysis treatment (2,21 ± 0,83) years, the average weight of (66,7 ± 4,03) kg, 
mean Hb level  (92 76 ± 2,46) g / l
The severity of anemia was assessed according to the KDIGO (2012) criteria. 
The control group consisted of 30 healthy people of the same age and sex. 
The study was approved by the local ethics committee, and all participants gave signed informed consent.
Inclusion criteria were: age over 18 years, the treatment of HDF / HD / PD than 3 months, the level of Hb> 80 g / l <110 g / L. 
Exclusion criteria: presence of blood loss, unrelated to the dialysis, the presence of cancer, iron deficiency. For the HDF using high 
current polysulfone dialyzers FH60 with membrane production Fresenius; the procedure was performed in the mode of post dilution 
volume replacement was more than 20 liters per procedure.
For HD using low current from a polyamide membrane dialyzers L17 production Gambro.
Average daily gain between dialysis was 2.72 + 0.24 kg group and HDF (2,7 ± 0,25) kg group HD; 1 patient in the group had HDF 
urine output of 500 ml, 1 patient in group HD - 200 ml (the rest - anuria).
All patients received dialysis three times a week, the duration of the session was 4.5-5.5 hours; eKt / V was (1,39 ± 0,06) and HDF 
group (1,29 ± 0,07) in the HD group (difference not significant).

Methods:

Study intensity of oxidative stress parameters and resistance of red blood cells in patients with chronic kidney disease VD stages depending on modality RRT. Performance analysis depending on the modality RRT showed significantly 
changes in the OS, its intensity effects on red blood cells and the degree of hemolysis. It has been stated that in the CKD VD patients agains the rates in control group the MDAs content increased by 3.3 times and MDAe - 1.2 times, TRs 
content reduced by 34%, SH-groups - by 31% , TPAe - by 41% and G-6-PDHe - by 58%, markers of OR by 30%,  PR-by 60%; 4.6 times increased CATs activity and OSI; 2 times grew peroxide hemolysis  and 1.3 times - EMP(Fig 1-4).. The 
analysis (depending on the RRT modality) showed MDAs increase by 3.9 times on a background of CPs by 24%, TRs - 33%, SH-groups - 25%, TPAe - 51%,  G-6-PDHe - 42%; the increase in serum OSI - 5.4 times and 2.6 times in 
erythrocytes, PR - by 3.6 times and CATs activity by 3,5 times in  the HDF-group compared to control group (Fig 1-4). 
The analysis (depending on the RRT modality) showed MDAs increase by 4 times on a background of CPs by 19%, TRs - 52%, SH-groups - 38%, TPAe - 541%,  G-6-PDHe - 46%; the increase in serum OSI - 5.9 times and 2.66 times in 
erythrocytes, PR - by 5,93 times and CATs activity by 4,53 times in  the HD-group compared to control group (Fig 1-4). The HD-group was characterized by the highest value of MDAe, OSI, PH and CATs, along with more expressed decrease 
of indices TRs, SH-groups, TPAe and G-6-FDHe activity compared with the HDF-group. The HD-group characterized by higher levels peroxide hemolysis, EMP and CATs along with reduced performance EMP, TPAe, SH-groups and G-6-PDH 
in erythrocytes compared with HDF-group (see. Fig. 1-5). Also, for the HD-patients were characterized highest MDAe content and size of the OSI, the highest peroxide hemolysis and indicators EMP (comparison among groups).
The PD-group had the lowest content of MDAs (increase by2,3 times compared with the control group) and the highest levels on the background of TPAe (decrease of 33% compared with the control group), the significant increase of CPs by 
1.7 times (compared with the control group) and lowest TRs and G-6-PDHe as HDF- and HD groups. The patients with PD were showed twice lower OS activity by OSI (Fig 1-4)..
In the HDF-group - correlation analysis showed negatively correlated the MDAs level with TRs (r = - 0,421, p = 0.038) and TPAe (r = - 0,393, p = 0.032). MDAe level was showed negatively correlated with TRs (r = - 0,329, p = 0.042) and PR (r 
= - 0,367, p = 0.04).The serum SH-groups levels were positively correlated with TRs (r = 0,364, p = 0,042), CPs (r = 0,376, p = 0.04), G-6-PDHs (r = 0,410, p = 0.038), G-6-PDHe (r = 0,657, p = 0.02) and OR (r = 0,410, p = 0.037). In 
correlation analysis, EMP was positively correlated with  OSIs  (r = 472, p = 0.03) and MDAs level (r = 337, p = 0.039) and negatively correlated with TRs level (r = - 0.391, p = 0,038), SH-groups (r = - 0,799, p <0.01), TPAe (r = - 0,338, p = 
0.03), TASs (r = - 0,65, p = 0.03) and G-6-PDHe (r = - 0,707, p = 0.03). That high activity of oxidative processes while reducing antioxidant protection (TRs, TPAe, TASe, G-6-PDH) promotes blood erythrocyte membrane permeability.
In the HDF-group - indicators peroxide hemolysis were negatively correlated with CPs levels (r = - 0,305, p = 0,042) and with SH-groups levels (r = - 0,524, p = 0.02). Levels PR were negatively correlated with EMP (r = - 0,500, p = 0.03) and 
is directly dependent on the levels of SH-groups in serum (r = 0,337, p = 0.039) and G-6-PDHe activity (r = 0,521, p = 0.03). Hb levels were negatively correlated with activity CATs  (r = - 0,308, p = 0.043) and levels of SH-groups in 
erythrocytes (r = - 0,366, p = 0.04). A direct correlative relationship between changes in Hb levels and indices PR (r = 0,552, p = 0.03), OR (r = 0,326, p = 0,042). Similar dependence found in the analysis of changes in erythrocyte count and 
Ht performance of PR (r = 0,476 and r = 0,471, p = 0.032) and OR (r = 0,493 and r = 0,470, p = 0.03) and CATs (r = - 0,517 and r = - 0,435, p = 0.036). In the HDF-group the lowest and the highest degree of hemolysis protect red blood cells, 
revealed direct correlative relationship between changes in Hb levels and rates of PR and OR of red blood cells. The decline in Hb, Ht and red blood cells due to a decrease of PR and OR growth as a result of the destruction of CATs levels in 
the blood.
When comparing performance between groups was shown higher values peroxide hemolysis and CATs activity along with reduced performance EMP, TPAe, SH-groups and G-6-PDH in erythrocytes in the HD-group compared with the HDF-
group (see. Fig. 1-5). Also, for patients with HD-group characteristic highest MDAe content and OSI, highest peroxide hemolysis and EMP (comparison among groups). In the HD-group was established positively correlated PR with OSI in 
serum (r = 0,801, p = 0.02), OSI red blood cells (r = 0,481, p = 0.034), G-6-PDHe (r = 0.437, p = 0.034), TRs level (r = 0,349, p = 0.04) and negatively correlation with EMP (r = - 0,489, p = 0.03). That low TASe was cause a low resistance of 
erythrocytes to peroxide damage and increased EMP directly correlated with OSI (r = 0,349, p = 0.042) and inversely with the TRs (r = - 0,462, p = 0.034) G-6-PDHe (r = - 0,430, p = 0.036) and TPAe (r = - 0,468, p = 0.036). MDAs levels were 
directly correlated with G-6-PDHs activity (r = 0,422, p = 0.037) and negatively correlated with SH-groups levels (r = - 0,318, p = 0.043) and  Hb levels (r = - 0,307, p = 0.043). In the HD-group was established reverse correlative relationship 
Hb levels with G-6-PDHs activity (r = - 0,511, p = 0.02) and PR (r = - 0,360, p = 0.043). A similar orientation with links between the activity of G-6-PDHs and Ht  (r = - 0,589, p = 0.03). For HD-patients - highest intensity of OS (IOS, CATs, MDA) 
as indicators of PR directly correlated with the activity of OS in the blood, activity of G-6-PDHe and inversely with the EMP. TAS low level of blood was cause a low resistance to peroxidation damage red blood cells and lowering OR and 
increased EMP correlated with the intensity of the OS.
For PD-group  was characterized by the lowest MDA in blood serum - an average of (30-35)% lower compared to the averages in patients from HD-group and HDF-group  (p <0.02) and in red blood cells 20% (p <0.05) compared with HD-
group  (see. Fig. 1-4). Also for the PD-group was characterized by higher values TPAe (on average 25%, p <0.05) compared with HD-group and HDF-group and levels of SH-groups of red blood cells (33% compared with the HDF-group). In 
addition, in patients with PD-group seen substantial growth EMP content 1.7 times (p <0.01) compared with those in control group, almost twice higher than in patients HD-group and HDF-group. TRs indicators in PD-group, was the lowest 
among the comparison group, 60% (p <0.01) compared with those in control group and 40% (p <0.02) compared with those in patients with HDF-group and 25% (p <0.05) in HD-group. (see. Fig. 1-4). For the PD-group were characterized by 
the lowest activity of G-6-PDH in red blood cells (an average of 62% compared with those in healthy persons and 30% compared with HDF-group ) and increased activity of this enzyme in serum almost 30% compared to patients HDF-group 
and HD-group mainly due to destruction of red blood cells. As evidenced by higher rates of peroxide hemolysis and EMP in these group of patients. Correlation analysis indicators showed a direct relationship between performance peroxide 
resistance and level TRs (r = 0,537, p = 0.03). Indicators G-6-PDHs activity directly correlated with MDAe levels (r = 0,590, p = 0.02) and inversely with SH-groups levels in blood serum and erythrocytes (r = - 0,458, r = 0,489, p = 0.034). 
Levels CPs, TRs and the TPAe is inversely correlated with OSIs (r = - 0,467, r = - 0,412, r = - 0,455, p = 0.04) and reduction of SH-groups in erythrocyte with CATs (r = - 0,388 , p = 0.044). That decline antioxidant protection conditioned OS 
and influence the resistance level of red blood cells and hemolysis. For PD patients, characterized by the lowest intensity OS. For PD-patients, characterized by the lowest oxidative damage, due to slightly lower (compared to other groups) 
the formation of secondary products of lipid peroxidation and less pronounced decline antioxidant protection. In this case, the calculation OSI in PD-patients showed almost twice lower activity of OS. 

Conclusion. Therefore, for patients who received HDF, characterized by the lowest erythrocyte hemolysis and less expressive changes of AOP, which can be explained by the advantages of HDF. For HD-
patients characterized by higher activity of lipid peroxidation in erythrocytes and is a high degree of hemolysis, requiring additional correction as oxidative disorders (purpose of stabilizing antioxidants and 
membrane preparations) and prescriptions for the treatment of anemia. For patients treated with PD, characterized by the lowest activity OS compared with HDF-patients and HD-patients, which is a 
positive sign, since these patients reduced the impact of operating in the red blood cells, reducing the need for the appointment of drugs for correction of oxidative disorders and pharmacological stress on 
the patient's.
Thus, in patients with CKD VD, who had HD, HDF or PD  an anemic syndrome was associated with high OS activity  and the increased degree of hemolysis. These changes are stipulated by RRT methods: 
for patients receiving HDF were typical the lowest rates of  hemolysis and the highest degree of protection for erythrocytes, and for patients treated with HD - the highest OS.

Laboratory methods. Along with the standard diagnostic methods, we defined the
content of malonic dialdehyde in serum (MDAs) and (MDAe), the content of
ceruloplasmin in serum (CPs), transferrin in serum (TRs) and SH-groups in the
blood serum and in erythrocytes, the index of the OS (IOS), catalase activity in
serum (CATs), glucose-6-phosphate dehydrogenase in serum (G-6-PDHs) and in
erythrocytes (G-6-PDHe), total peroxidase activity in erythrocyte (TPAe), osmotic
resistance (OR) and peroxide resistance (PR) of red blood cells and erythrocyte
membrane permeability (EMP), total antioxidant status in serum (TASs) and in
erythrocytes (TASe), total oxidative status in serum (TOSs) and in erythrocytes
(TOSe) Percent ratio of TOS to TAS level was accepted as oxidative stress index
(OSI). Methods of oxidative stress biomarkers in human blood were measured as
spectrophotometrically. Statistical analysis was performed using the programs
Microsoft Excel 8,0

Results:

Conclusions:
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Fig 1.Markers of oxidant-antioxidant balance of serum blood in patients with CKD VD  depending on the methods RRT
*- statistically significant difference compared with those norms
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Fig 4. Hemolysis markers  in blood of patients with CKDVD  depending on the methods of RRT 

0,66

3,90

1,10

0,49

0,72

3,70

1,18

0,69

0,86

0,95

0,78

2,36

0,00 0,50 1,00 1,50 2,00 2,50 3,00 3,50 4,00 4,50

TOSs

TOSe

TASs

TASe

un

PD
HD
HDF

Normal level

*

*
*

*

*
*

*

*

*

Fig 2. TAS &TOS in patients with CKD VD  depending on the methods of RRTFig 2. TAS &TOS in patients with CKD VD  depending on the methods of RRT
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Fig 3.OSI in blood of patients with CKD VD  depending on the methods of RRT
*- statistically significant difference compared with those norms
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Fig 5.  EMP of patients with CKDVD  depending on the methods of RRT 


