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 Introduction 

 Oxidative stress is known to be involved in many hu-
man pathological processes, such as hypertension, ath-
erosclerosis and neurological disorders. Much evidence 
shows that chronic kidney disease (CKD) is also associ-
ated with increased oxidant production and decreased 
antioxidant defenses  [1–5] .

  It has been suggested that oxidant-antioxidant imbal-
ance is one of the major causes of increased risk of ath-
erosclerosis and cardiovascular disease in patients with 
chronic renal failure  [6–8] . The precise mechanism of 
CKD-induced oxidative stress has not been completely 
explained. There are many potential sources of increased 
oxidative stress in CKD patients: uremic toxins, iron 
overload, angiotensin 2, proinflammatory cytokines and 
decreased level of antioxidants  [4] . Hemodialysis can be 
a further cause of oxidative stress development. Neutro-
phils and the complementary pathway may be activated 
during hemodialysis with a subsequent increase in the 
neutrophil free radical production  [9, 10] . Peritoneal di-
alysis appears to be more physiological than hemodialy-
sis, but its effects on creating oxidative stress have also 
been described  [11] .

  The important components of antioxidative defense, 
which can be impaired in CKD patients are antioxidative 
enzymes such as catalase, glutathione peroxidases, super-
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 Abstract 

 Changes mediated by oxidative stress are thought to be in-
volved with atherosclerosis in patients with chronic kidney 
disease (CKD). The purpose of this study was to analyze the 
markers of oxidative damage and the activity of antioxi-
dative enzymes as well as the total antioxidant capability in 
patients with different stages of CKD, both conventionally 
treated and dialyzed. We evaluated the oxidative modifica-
tion of lipids (by oxidized low-density lipoprotein and malo-
nodialdehyde levels) and proteins (by advanced oxidation 
protein products level). We also assessed the activity of para-
oxonase-1 and glutathione peroxidases and total antioxi-
dant status. Compared with the control group, the uremic 
patients, both dialyzed and nondialyzed, had higher levels 
of all studied plasma oxidative stress markers and decreased 
activity of antioxidative enzymes. Our results lead us to con-
clude that oxidative stress seems to be related rather to the 
uremic state than to the dialysis treatment. We also showed 
that estimating total antioxidant status in a simple test is un-
reliable for assessing the antioxidant ability of patients with 
CKD.  Copyright © 2010 S. Karger AG, Basel 
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oxide dismutases or paraoxonase-1 (PON-1). Glutathione 
peroxidases (Gpx) are antioxidant enzymes that can de-
toxify hydroperoxides and lipid hydroperoxides in the 
presence of reduced glutathione. Several types of Gpx 
have been identified, 2 of which are cellular Gpx (cGpx) 
found in blood cells and extracellular Gpx (eGpx) present 
in plasma. Reduction in eGpx activity in CKD patients is 
well documented  [12] . However, we still need to explain 
how the type of therapy used influences the eGpx activ-
ity and to describe the relationships with other oxidative 
stress markers.

  Even more questions concern cGpx activity. Some au-
thors underline its antiatherogenic properties, but the 
studies of cGpx activity on CKD patients present unclear 
results  [12, 13] .

  Because of the important role in maintaining the pro-
oxidant-antioxidant balance, the activity of peroxidases 
in different stages of CKD still requires further analysis.

  Another component of enzymatic antioxidant de-
fense, especially important in the context of atheroscle-
rosis development risk is PON-1. PON-1 is a high-density 
lipoprotein (HDL)-associated enzyme which catalyses 
the breakdown of phospholipid and cholesteryl-ester lip-
id peroxides, and has been shown to reduce the suscepti-
bility of low-density lipoprotein (LDL) to peroxidation 
 [14] . Oxidized LDL (ox-LDL) is recognized as a key factor 
in the development of atherosclerosis, leading to the up-
take of LDL by the macrophage scavenger receptor and, 
hence, leading to the formation of foam cells  [15] . Apart 
from ox-LDL, another marker of lipid peroxidation is se-
rum malonodialdehyde (MDA), which is the breakdown 
product of chain reactions leading to oxidation of poly-
unsaturated fatty acids.

  Another indication of oxidative stress existence is ox-
idative-mediated protein damage, which can be estimat-
ed through measurement of advanced oxidative protein 
products (AOPP). The level of AOPP in plasma also seems 
to be important in CKD patients because of its suggested 
connections with atherosclerotic cardiovascular events 
 [16] .

  We have many markers which describe the oxidant-
antioxidant imbalance, but the value of certain factors in 
renal failure is still unclear. Especially questionable is the 
estimation of total antioxidant capacity in simple tests 
such as total antioxidant status (TAS). The purpose of 
this study was to analyze different oxidative stress mark-
ers in patients with different stages of CKD. We analyzed 
biochemical parameters of kidney function and the in-
fluence of the applied therapy on oxidative stress markers 
and the relationship between measured factors.

  Patients and Methods 

 Patient Characteristics 
 123 patients with CKD and 35 healthy subjects agreed to par-

ticipate in the study and gave their written consent. The Ethics 
Committee of the Medical University of Gdańsk approved the 
study.

  46 patients (22 males and 24 females, average age 58  8  12 
years) were on peritoneal dialysis (PD), 36 patients (25 males and 
11 females, average age 59  8  11 years) were on hemodialysis 
(HD), 41 patients (23 males and 18 females, average age 58  8  13 
years) were under conventional treatment (CT) and 35 healthy 
subjects (11 males and 24 females, average age 41  8  15 years) were 
recruited as a control group. 

  Patients on maintenance HD were dialyzed 3 times weekly, 
using polysulfone membrane dialyzers and bicarbonate-buffered 
dialysate. The time period on dialysis ranged between 6–289 
months (24 years), with an average of 74 months (6.2 years). The 
causes of their renal disorders were diabetes mellitus (n = 10), glo-
merulonephritis (n = 5), hypertension (n = 5), polycystic kidney 
disease (n = 3), nephrosclerosis (n = 2) and unknown (n = 11). 

  Patients on PD where dialyzed using Stay Safe solution. The 
time period on dialysis ranged between 4–138 months (11.5 years) 
with an average of 29 months (2.4 years). The causes of their renal 
disorders were diabetes mellitus (n = 10), glomerulonephritis (n = 
12), hypertension (n = 6), pyelonephritis (n = 2), nephrosclerosis 
(n = 1), congenital malformations of kidneys (n = 2), lupus ne-
phropathy (n = 1), cyclosporine-induced nephropathy (n = 1) and 
unknown (n = 11). 

  The patients receiving CT were divided into 3 subgroups
according to the different stages of CKD. 7 patients were in the 
3rd stage CKD (moderate reduction in GFR of 30–59 ml/min/
1.73 m 2 ), 16 patients were in the 4th stage of CKD (severe reduc-
tion in GFR of 15–29 ml/min/1.73 m 2 ) and 18 patients were in the 
5th stage of CKD (GFR  ! 15 ml/min/1.73 m 2 , i.e. kidney failure). 
The causes of their renal disorders were diabetes mellitus (n = 10), 
glomerulonephritis (n = 5), hypertension (n = 6), polycystic kid-
ney disease (n = 3), lupus nephropathy (n = 1), pyelonephritis
(n = 1), IgA nephropathy (n = 1) and unknown (n = 14). 

  Individuals with a clinically apparent, active infectious or im-
munological process; treated with immunosuppressive therapy; 
or taking antibiotics were not qualified to participate in the study. 
Patients with LDL  1 100 mg/dl were treatment with angiotensin-
converting enzyme inhibitor or/and statins. Blood samples were 
taken from HD patients immediately before and after the dialysis 
session and from PD and CT patients, as well as from the control 
subjects, after overnight fasting. Venous blood was collected in 
plain vacutainer tubes containing lithium heparin. Plasma was 
immediately separated from red blood cells by centrifugation 
(500  g  for 15 min) and plasma samples were stored at –80   °   C until 
analysis.

  Determination of Biochemical Parameters 
 Plasma concentrations of creatinine, uric acid, C-reactive pro-

tein, total cholesterol, triglycerides, hemoglobin and albumin 
were determined by standard methods with commercially avail-
able kits (Emapol Co., Gdańsk, Poland). HDL fraction was sepa-
rated by the precipitation method using heparin-mangan reagent 
and HDL cholesterol was measured by standard enzymatic meth-
ods. LDL cholesterol level was calculated using the Friedewald 
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method. Non-HDL cholesterol was calculated according to the 
equation: non-HDL cholesterol = total cholesterol – HDL choles-
terol. The estimated GFR (eGFR) level was calculated using the 
MDRD formula.

  Determination of Oxidative-Antioxidative Balance Markers 
 Plasma MDA assay was based on the transformation of chro-

mogen (thiobarbituric acid) to a chromophore after condensation 
with MDA. The reaction with thiobarbituric acid was performed 
as previously described  [17] .

  ox-LDL was measured by a sandwich enzyme-linked immu-
nosorbent assay with a commercially available kit (Oxidized LDL 
Competitive ELISA Kit; Mercodia, Sweden). The method uses 
monoclonal antibody 4E6 as the capture antibody and anti-hu-
man polyclonal antibody for detection.

  AOPP were determined in the plasma spectrophotometrically 
after lipid precipitation, according to the previously described 
method  [18] .

  TAS was measured using a commercially available kit (TAS; 
Randox, UK) based on the capacity of plasma antioxidants to sup-
press the blue-green color of the radical cation ABTS + .

  Gpx activity in plasma and in erythrocytes was measured us-
ing a commercially available kit (Ransel; Randox). Plasma Gpx 
(eGpx) activity was measured in plasma, and cGpx activity was 
measured in hemolysate in which hemoglobin was earlier con-
verted to cyanmethemoglobin. The activity unit of eGpx was ex-
pressed as  � mol NADPH oxidized per minute per liter of plasma, 
and the activity unit of cGpx was expressed as  � mol NADPH 
oxidized per minute per gram of hemoglobin.

  PON-1 activity towards paraoxon was measured after reaction 
of paraoxon hydrolysis into p-nitrophenol and diethylphosphate 
catalyzed by the enzyme according to the method described pre-
viously  [19] . The activity unit of PON-1 was defined as 1  � mol of 
p-nitrophenol formed per minute per liter of plasma.

  Statistical Analysis 
 Statistical analysis was performed using the Statistica software 

package (Statistica 8.0; Statsoft, Poland). To establish date distri-
butions, the Shapiro-Wilk test was used. Data analysis was per-
formed using both parametric and nonparametric tests when ap-
propriate. Values are expressed as the mean  8  SD except for 
PON-1 activity values, which are expressed as the median and 
range. One-way analysis of variance (ANOVA) was used to deter-
mine the significance of differences between more than 2 groups. 
Comparisons of unpaired data between 2 groups were performed 
using Student’s t test for Gaussian variables and the Mann-Whit-
ney U test for non-Gaussian variables. Pre-HD and post-HD 
groups were compared using paired Student’s t test. Correlation 
analyses were examined by using Pearson’s coefficient or Spear-
man’s coefficient for nonparametric data. p  !  0.05 was considered 
statistically significant.

  Results 

 Characteristics of patients and the control group are 
categorized by treatment methods as shown in  table 1 .

  Biomarkers of Lipid Peroxidation (MDA and ox-LDL) 
 Plasma MDA and ox-LDL levels were significantly in-

creased in all analyzed groups of patients with CKD com-
pared to the control group ( fig. 1 a, b). CT patients showed 
a significant inverse correlation between MDA levels and 
eGFR values (r = –0.42; p = 0.007), but we did not find 
such a correlation in the case of ox-LDL. There were also 
no statistical differences in MDA and ox-LDL levels be-
tween nondialyzed patients in the 5th stage of CKD and 

Table 1.  Characteristic and biochemical parameters of healthy subjects (control group) and CKD patients

Group

C T PD HD (before
dialysis)

HD (after
dialysis)

Control

3rd stage
of CKD

4th stage
of CKD

5th stage
of CKD 

Creatinine, mg/dl 1.780.3 380.6 581.2 7.382.4 7.882.5 3.480.9 0.7380.2
eGFR, ml/min 3885 2284 1186 – – – >60
Albumin, g/l 42.783 3885 3686 4084.5 4187.4 4683.4 4981.8
Uric acid, g/dl 880.9 982 8.881.7 7.781.5 8.381.8 3.681 6.181.4
T-CH, mg/dl 185836 186833 182855 196840 167846 179850 168822
LDL-C, mg/dl 124831 115825 119850 119831 99838 107839 106831
TG, mg/dl 170890 187877 142852 197832 1368105 142899 80847
HDL-C, mg/dl 41813 35811 36815 40810 4382 46811 48813
nonHDL-C, mg/dl 144836 151829 146843 156843 124849 132850 121826

Dat e are means 8 SD. T-CH = Total cholesterol; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density lipoprotein 
cholesterol; TG = triglycerides.
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dialyzed patients. We also did not find a correlation be-
tween plasma MDA or ox-LDL levels with patients age.

  Since the HD procedure is connected with loss of wa-
ter and condensation of undialyzed particles, we correct-
ed the concentration of all analyzed plasma parameters 
before and after dialysis for the level of albumin as an un-
dialyzed particle. After taking these factors into consid-
eration, we did not find a difference between the results 
before and after dialysis ( table 2 ).

  Biomarkers of Protein Peroxidation (AOPP) 
 Plasma AOPP levels were significantly increased in all 

analyzed groups of patients with CKD compared to the 
control group ( fig. 2 ).

  In CT patients, AOPP levels correlated negatively with 
eGFR values (r = –0.45; p = 0.003). CT patients in the 5th 
stage of CKD had the highest value of AOPP (5.9  8  2.1 
 � mol/g albumin). The average levels of AOPP did not sig-
nificantly change during the dialysis session ( table  2 ). 
Similarly, there was no correlation with patient age.

  Activity of Antioxidative Enzymes 
 Both dialyzed and nondialyzed patients with CKD 

showed lower activity of antioxidative enzymes in com-
parison to the control group ( table 3 ).

  Additionally, in CT patients the activity of eGpx de-
creased gradually with the severity of CKD and corre-
lated negatively with eGFR values (r = –0.45; p = 0.003). 

In HD patients, the dialysis procedure did not signifi-
cantly change the activity of antioxidative enzymes ( ta-
ble 2 ). There was no correlation between activity of the 
analyzed enzymes and patients age.

  Total Antioxidative Activity (TAS Levels) 
 TAS values were significantly higher in comparison to 

the controls among the CT, PD and HD (before dialysis) 
patients, but dramatically decreased after the dialysis ses-
sion ( fig. 3 ).
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  Fig. 1.  Plasma MDA ( a ) and ox-LDL ( b ) levels in healthy subjects (control) and CKD patients. HD = Hemodi-
alysis (after dialysis); st.CKD = stage of CKD. 

Table 2.  Plasma levels of oxidative stress markers and activity of 
antioxidative enzymes after correction for albumin level, before 
and after hemodialysis session

H emodialysis p

before d ialysis after dialysis

MDA, �mol/g Alb 0.12280.02 0.1280.02 n.s.
ox-LDL, U/g Alb 2.380.63 2.2680.64 n.s.
AOPP, �mol/g Alb 3.981.1 3.981.2 n.s.
PON-1, U/g Alb 3.9 (1.4–7.9) 2.8 (1.4–7.9) n.s.
pGpx, U/g Alb 2.680.3 2.480.6 n.s.

The values represented as the means 8 SD or median (range). 
Alb = Albumin; n.s. = not significant.
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  We found a highly significant positive correlation be-
tween TAS values and uric acid concentrations in PD, CT 
and HD (before dialysis) patients, but not in HD (after 
dialysis) patients (r = 0.8, p = 0.001 for CT; r = 0.4, p = 
0.008 for PD; and r = 0.4, p = 0.02 for HD before dialysis). 
We found no significant correlation between TAS values 
and plasma creatinine levels.

  Discussion 

 The aim of this study was to analyze the different oxi-
dative stress markers and activity of 2 antioxidative en-
zymes in patients with different stages of CKD and con-
sidered to have a very high risk of cardiovascular disease.

  Our findings indicate that the oxidative stress level in 
uremic patients is correlated with severe and progressive 
renal failure. The most distinct relationship between the 
marker of oxidative stress and the degree of renal failure 
progression was shown when studying eGpx activity. The 
eGpx activity was slightly decreased in the early stage of 
CKD and further dramatically decreased in the next 
stages of renal failure ( table 2 ), which confirms reports 
published by a number of other groups  [12, 20, 21] . This 
decrease in the eGpx activity may reflect a consequence 
of active nephron mass reduction and is in keeping with 
the suggestion that the renal tubule is the main site of 

synthesis of eGpx  [22] . There are also other possible rea-
sons for the loss of enzyme activity, such as decreased 
inactivation of reactive oxygen species due to selenium 
deficiency as well as lowered renal removal.

  The literature on cGpx is controversial. Some authors 
have shown a significant reduction of cGpx activity in 
CKD patients  [23] . Others have not indicated differences 
in comparison to the control group  [13] . Some researchers 
have even noted an increase in cGpx activity in CKD pa-
tients  [12] . We found a slight but significant decrease in 
cGpx activity in CKD patients, but no relationship with 
the progression of renal disease was observed ( table 3 ).

  Another important parameter for estimating suscep-
tibility to oxidative modifications, especially lipid modi-
fications, is PON-1. PON-1 is an HDL-associated hydro-
lase, which is able to inhibit lipoprotein oxidation. We 
observed decreased PON-1 activity in each stage of CKD, 
compared to the control ( table 3 ). Additionally, we no-
ticed gradually decreased PON-1 activity in the next stag-
es of CKD, but the differences between particular stages 
of CKD did not reach statistical significance ( table 3 ). The 
causes of reduced enzyme activity are unclear. Experi-
mental studies show that it is possible to inactivate the 
enzyme by uremic toxins, including reaction products of 
ROS such as AOPP  [24] . The reduced activity of PON-1 
can also be caused by a modification of HDL and its in-
stability, which has been shown earlier  [25, 26] .
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  Fig. 2.  Plasma AOPP levels in healthy subjects (control) and CKD 
patients. HD = Hemodialysis (after dialysis); st.CKD = stage of 
CKD. 

  Fig. 3.  TAS values in healthy subjects (control) and CKD patients. 
st.CKD = Stage of CKD. 
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  The phenomenon of the drop in eGpx and PON-1 ac-
tivity might additionally account for the increased lipid 
peroxidation and consequently, for the further increase 
in atherosclerosis risk.

  We indicated that in comparison to the controls, CKD 
patients had higher levels of MDA and ox-LDL ( fig. 1 a, b), 
both of which are markers of lipid peroxidation.

  Some authors skeptically refer to MDA weight as an 
oxidative stress marker  [27] ; however, our results ( fig. 1 a) 
are in line with a previous study postulating an associa-
tion between MDA levels and prevalent cardiovascular 
disease  [28] , and confirm the significance of these bio-
markers in uremic patients.

  Levels of ox-LDL may be also associated with the pres-
ence of atherosclerosis, which has been shown in both 
renal and nonrenal patients  [29, 30] . Some studies report-
ed significant differences in ox-LDL levels between ure-
mic patients and the control group  [31] , but others did not 
show such differences  [32] . In our study, ox-LDL levels, 
although higher in uremic patients compared to the con-
trol group, did not show alterations in patients in differ-
ent stages of CKD ( fig. 1 b).

  In tandem with oxidized lipid parameters, the impact 
of oxidized proteins on atherosclerosis development has 
recently been studied extensively. Dityrosine containing 
oxidation protein products, e.g. AOPP, have been pro-
posed as a relevant marker of oxidative protein damage, 
which may be related to atherosclerosis risk in uremic pa-
tients  [16] . AOPP are considered not only as a simple 
marker of oxidative protein damage, but their role in ac-
celerating oxidative processes has also been documented 
 [33] . The in vitro study demonstrated that AOPP were 
capable of triggering the oxidative burst of human mono-

cytes and neutrophils, thus they may by themselves con-
tribute to the inflammatory process in CKD  [34] . In our 
study, we measured the concentration of AOPP after pre-
cipitation of lipids in order to avoid overestimated data 
due to lipid interferences. We found that AOPP levels cor-
rected for albuminemia were much increased in CKD pa-
tients and negatively correlated with GFR (r = –0.6; p  !  
0.001).

  It is worth emphasizing that we concurrently deter-
mined the various parameters of oxidative stress, of 
which the level of AOPP seems to be the strongest indica-
tor showing growth of free radical modification in CKD 
patients.

  The above-mentioned results showed that uremia per 
se may induce a state of oxidative stress, but some authors 
have suggested that the oxidative-antioxidative imbal-
ance may be also enhanced by dialysis treatment. HD 
treatment could impose additional oxidative stress due to 
the bioincompatibility of dialyzer membranes and the ac-
tivation of macrophages, as well as the potential presence 
of toxins in dialysis fluid. PD appears to be more physi-
ological than HD, but its effect on creating oxidative 
stress has also been demonstrated  [11] . Our results show 
that the greatest impact on the development of oxidative 
stress is the severity of renal failure. However, dialysis 
methods are not neutral for oxidant-antioxidant balance 
and their impact on particular oxidative processes is mul-
tifaceted and still requires further investigation.

  We did not find significant differences in PON-1, 
cGpx activity and ox-LDL levels between patients with 
end-stage renal disease (5th stage of CKD) and dialyzed 
patients (see Results). Higher eGpx activity in nondia-
lyzed patients ( table  2 ) may be explained by residual 

Table 3. A ctivity of antioxidative enzymes in healthy subjects (control group) and CKD patients

Control
group

Patients

C T PD HD

3rd stage
 of CKD

4th stage
of CKD

5th stage
of CKD

before after

eGpx, U/l 164815 153813 138821* 125815*, ^, # 97816* 98810* 100812*
cGpx, U/gHb 66811 55815* 56811* 58814 59815* 59812* 60811
PON-1, U/l 170 (71–454) 122 (83–277) 123* (65–256) 105* (51–250) 100* (35–297) 120* (39–290) 110* (38–290)

The  values are represented as the means 8 SD or median (range) depending on their parametric or nonparametric distribution.  
* Significant differences between patients and control group. ^ Significant differences between CT patients in 5th stage of CKD and 
PD patients. # Significant differences between CT patients in 5th stage of CKD and HD (after dialysis) patients.
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nephron function and the ability to synthesize the en-
zyme in this group of patients.

  The highest levels of AOPP in predialyzed patients 
were surprising and in contrast to earlier studies  [35, 36] , 
which showed a lower level of AOPP in nondialyzed pa-
tients with advanced renal failure compared to dialyzed 
patients. On the other hand, some authors  [37]  reported 
a drop in AOPP levels while monitoring patients before 
the start of PD and after 6 and 12 months of treatment. 
Therefore, the question whether dialysis in the final sta-
dium of CKD is able to decrease protein susceptibility to 
oxidative modifications demands further investigation. 
A comparison of the results obtained before and after HD 
showed no significant differences in the measured pa-
rameters after including the possibility of a condensation 
infiltrative element of plasma and the corrected obtained 
value for albuminemia. This indicates that the HD pro-
cedure has no noticeable direct effect on oxidative stress 
parameters.

  We also tried to estimate the total antioxidative ability 
of plasma by using the common method of TAS. These 
tests showed that uremic patients have paradoxically 
higher overall plasma antioxidant activity ( fig. 3 ). How-
ever, the higher than normal TAS values decreased dur-
ing dialysis. We also found a good correlation of TAS val-

ues with uric acid levels in PD and CT patients, as well as 
patients on HD before the dialysis session. These obser-
vations showed that increased TAS values seem to be de-
pendent mainly on increased uric acid levels, which ex-
plains the lower test results in the control group. In vitro 
experiments have shown uric acid to be a powerful scav-
enger of reactive oxygen species  [38] ; however, hyperuri-
cemia is an accepted risk factor and marker of chronic 
cardiovascular disease  [39, 40] ; therefore, the TAS test 
which is influenced by uric acid seems to be an unreliable 
method for assessing the antioxidant capacity of patients 
with CKD. These findings additionally emphasize that in 
order to avoid false conclusions, the proper choice of 
method for describing oxidative stress is very important.

  In conclusion, our findings indicate that uremic pa-
tients have both higher levels of all studied plasma oxida-
tive stress markers and a decreased activity of antioxida-
tive enzymes, indicating greater vulnerability of these pa-
tients to oxidative-antioxidative imbalance. In particular, 
AOPP level and pGpx activity are the main parameters 
associated with the progression of renal failure. Hope-
fully, further investigation of oxidative stress markers in 
CKD patients will allow us to define the potential target 
for interrupting the vicious circle of kidney disease and 
cardiovascular complications.
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