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ABSTRACT 
Background: Intravenous application of iron preparations which is a routine treatment of anemia in hemodialy-
sis patients with end-stage renal disease can lead to iron overload in the body. Redox-active iron can catalyze the 
formation of hydroxyl radicals and initiation of lipid peroxidation, increase oxidative stress and speed up the 
development of complications in these patients. Objective: In this study, we determined the markers of lipid pe-
roxidation, protein oxidation and antioxidant enzyme activities (superoxide dismutase, glutathione peroxidase, 
glutathione S-transferase) in serum of patients with end-stage renal disease on hemodialysis, who had received 
repeated treatment of iron supplementation. Patients and Methods: The study included 29 patients undergoing 
regular hemodialysis treatment. These patients were divided into three groups according to the serum ferritin 
levels: group I (serum ferritin between 100 and 300 µg/L); group II (serum ferritin between 301 and 600 µg/L), 
and group III (serum ferritin above 601 µg/L). Results: The serum of patients with the highest concentration of 
serum ferritin and iron contained significantly higher level of lipid peroxidation products, total hydroperoxides 
and malondialdehyde and advanced oxidation protein products and the lowest concentration of sulfhydryl 
groups, reduced glutathione and total antioxidant capacity. Conclusion: Based on the obtained results, it can be 
concluded that iron supplementation in hemodialysis patients and consequently body iron overload of exacer-
bated oxidative stress have already been present in these patients. 
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1. Introduction 
Numerous researches have shown that in patients with 
end-stage renal disease (ESRD), production of reactive 
oxygen species (ROS) and subsequent oxidative stress 
increase [1]. The treatment of patients with ESRD—hemo- 
dialysis, contributes to the reduction of antioxidant levels 
and development of oxidative stress in several ways: 1) 
activation of phagocytic oxidative metabolism by the  

dialysis membrane causes chronic inflammation [2], 2) 
hemoincopatibility of the dialysis system contributes to 
production of oxygen radicals during dialysis [1], 3) di-
rect peroxidation of lipids on dialysis membranes [3], 4) 
hydrosoluble antioxidants and substances with small 
molecular weight are lost through highly permeable di-
alysis membrane [4].  

In long-term dialysis patients, renal anemia caused by 
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erythropoietin deficiency is a common complication and 
erythropoiesis is maintained by the application of eryt-
hropoietin and parenteral iron supplementation [5]. Iron 
supplementation, though efficient in the treatment of 
anemia, can have adverse effects when the binding ca-
pacity of transferrin is overcome and when the concen-
tration of potentially reactive, non-transferrin bound iron 
in plasma is increased [6]. Toxicity of free, redox-active 
iron is largely based on Fenton and Haber-Weiss chemi-
stry, where catalytic amounts of iron are sufficient to 
yield hydroxyl radicals (OH) from superoxide ( 2O− ) and 
hydrogen peroxide (H2O2) [7].  

Data in the literature show that iron overload in expe-
rimental animals leads to oxidative damage of lipids [8], 
and the application of intravenous iron causes an increase 
in oxidative stress markers in patients with end-stage 
renal disease on hemodialysis [9]. In addition, renal 
anemia in patients with ESRD can contribute to oxidative 
stress due to increased formation of ROS during anae-
robic metabolism and decreased antioxidative protection 
caused by reduced erythrocyte pool. Red blood cells 
represent an important antioxidative system in circulation 
and mobile free radical scavengers because they contain 

reduced glutathione and antioxidative glutathione-de- 
pendent enzymes. 

2. Aim 
In this study, we determined the markers of lipid peroxi-
dation, protein oxidation and antioxidant enzyme activi-
ties (superoxide dismutase (SOD EC 1.15.1.1), gluta-
thione peroxidase (GPx, EC 1.11.1.9), glutathione S- 
transferase (GST, EC 2.5.1.18) in serum of patients with 
end-stage renal disease on hemodialysis, who had re-
ceived repeated treatment of iron supplementation. 

3. Material and Methods 
The study included 29 patients undergoing regular he-
modialysis treatment (15 males and 14 females), with a 
median age of 57 (range 23 - 76) years and HD duration 
of 45 (range 5 - 144) months. The demographic and bio-
chemical characteristics of HD patients are presented in 
Table 1. Hemodialyzed patients were given a total iron 
dose of 62.5 mg (ferric gluconate—Ferrlecit 62.5 mg) i.v. 
during 10 consecutive dialysis treatments. 

Etiologies for ESRD were chronic glomerulonephritis 
 

Table 1. Biochemical and haematological characteristics of hemodialysis patients. 

 Group I (100 - 300 µg/L 
serum ferritin) N = 6 

Group II (301 - 600 µg/L 
serum ferritin) N = 6 

Group III (serum ferritin 
above 601 µg/L) N = 17 p value 

Age/years 52 (24 - 68) 58.5 (23 - 73) 63 (48 - 76) p = 0.079 

Hemodialysis (months) 30.5 (12 - 60) 59 (12 - 108) 47 (5 - 144) p = 0.603 

Hemoglobin (g/L) 110.5 (52 - 113) 102 (87 - 106) 103 (77 - 113) p = 0.300 

Red blood cells (×1012/L) 3.5 ± 1.04 3.2 ± 0.5 3.2 ± 0.4 p = 0.564 

MCV (fL) 92.3 ± 7.1 93.0 ± 1.8 97.6 ± 5.6 p = 0.061 

White blood cells (×109/L) 5.6 (4.5 - 9.2) 8.05 (5.2 - 9.0) 5.0 (3.9 - 12.6) p = 0.257 

Iron (µmol/L) 10.6 ± 5.3 13.2 ± 3.1 16.4 ± 2.9* p < 0.01 

UIBC (µmol/L) 42 (36 - 73.3) 32.6 (27.2 - 43.5)* 26.5 (9.3 - 35.4)* p < 0.001 

TIBC (µmol/L) 49.3 (45.4 - 75.1) 47.6 (34.7 - 51.8)* 33.8 (27.7 - 45.9)* p < 0.001 

TSAT% 20.5 ± 11.9 25.3 ± 13 36.5 ± 11.3* p < 0.05 

Urea (mmol/L) 31.5 ± 8.2 36.1 ± 7.3 30.7 ± 9.4 p = 0.448 

Creatinine (µmol/L) 722 ± 150 786 ± 137 741 ± 177 p = 0.784 

Uric acid (µmol/L) 363 ± 36 327 ± 67 313 ± 90 p = 0.422 

Cholesterol (mmol/L) 5.4 ± 0.6 5.5 ± 1.0 5.9 ± 0.6 p = 0.171 

HDL-H (mmol/L) 1.2 ± 0.3 1.3 ± 0.3 1.0 ± 0.2 p = 0.067 

LDL-H (mmol/L) 4.4 ± 0.6 4.2 ± 0.6 4.6 ± 0.5 p = 0.381 

Triglycerides (mmol/L) 2.7 ± 0.4 2.2 ± 0.7 2.5 ± 0.6 p = 0.482 

Serum proteins (g/L) 73.2 ± 9.2 73.7 ± 3.6 74.6 ± 6.7 p = 0.914 

Albumin (g/L) 41.9 ± 5.1 40.9 ± 2.8 41.9 ± 6.1 p = 0.918 
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in 7 patients, hypertensive nephropathy in 12 patients, 
polycystic kidney disease in 6 patients, diabetes mellitus 
in 4 patients. These patients were divided into three 
groups according to the serum ferritin levels: group I 
(serum ferritin between 100 and 300 µg/L); group II (se-
rum ferritin between 301 and 600 µg/L), and group III 
(serum ferritin above 601 µg/L). 

This research was conducted following the tenets of 
the Declaration of Helsinki and approved by the Ethics 
Committee of the Medical Faculty Pristina (Kosovska 
Mitrovica), number 05-1462/07.12.2011. Informed con-
sent was obtained after explanation of the research objec-
tives. 

Serum level of creatinine, urea, serum iron, ferritin, 
and total proteins were determined by routine laboratory 
techniques on the Hitachi 902 chemistry analyzer (Roche 
Diagnostics GmbH, Mannheim, Germany). Hematologi-
cal parameters including hemoglobin and erythrocyte in- 
dexes were measured on the hematology analyzer (Beck- 
man Coulter, Krefeld, Germany). The transferrin satura-
tion index (TSAT index) was calculated according to the 
following formula: saturation (%) = serum iron/total iron 
binding capacity. 

3.1. The Concentration of Total Hydroperoxides  

The concentration of total hydroperoxides, was measured 
by the ferrous oxidation xylenol orange method (FOX2), 
with triphenylphosphine (TPP) [10]. The absorbance rea- 
dings were taken at 560 nm and the hydroperoxide con-
centration was calculated as the difference in absorbance 
of TPP non-treated and treated sample, and it was ex-
pressed in µmol/L of H2O2. 

3.2. The Concentration of Malondialdehyde 

Concentration of the malondialdehyde was determined 
by the production of thiobarbituric acid reacting sub-
stances [11]. Concentration of MDA was calculated us-
ing the molar extinction coefficient ε = 1.56 × 105 L × 
mol−1 × cm−1. 

3.3. The Concentration of Serum Advanced 
Oxidation Protein Products 

Serum advanced oxidation protein products (AOPP) was 
measured by the method of Anderstam et al. [12]. The 
absorbance readings were taken at λ = 340  nm against 
reagent blank. Concentration of AOPP was calculated 
respective to chloramine-T standard. Total sulfhydryl 
groups were determined using Ellman’s reagent without 
prior deproteinization [13]. The concentration of serum 
GSH was measured with Ellmans’s reagent after sample 
deproteinization [13].  

3.4. The Activity of Antioxidant Enzymes 
Superoxide dismutase (SOD) activity was measured by 
the method of Misra and Fridovich [14], based on the 
ability of SOD to inhibit auto-oxidation of epinephrine at 
alkaline pH (pH 10.2). One unit of SOD activity was 
defined as the amount of enzyme, which inhibits the 
oxidation of epinephrine by 50%. The glutathione pe-
roxidase (GPx) activity was assayed by the method of 
Rotruck et al. [15] with cumene hydroperoxide as a sub-
strate (in 50 mmol TRIS-HCl buffer, pH 7.6). It was mo-
nitored at 412 nm. One unit of enzyme activity was de-
fined as the amount of GPx that catalyses the oxidation 
of 1 µmol of GSH per minute at 37˚C. The conjugation 
of GSH with 1-chloro-2,4-dinitro-benzene (CDNB), a 
hydrophilic substrate, was examined spectrophotometri-
cally at 340 nm to measure glutathione S-transferase 
(GST) activity [16]. One unit of GST was defined as the 
amount of enzyme required to conjugate 1 µmol of 
CDNB with GSH per minute, at 30˚C. The glutathione 
reductase (GR, EC 1.8.1.7) activity was measured with-
out adding flavin adenine dinucleotide (FAD) by the rate 
of NADPH consumption at 340 nm, as described by 
Racker [17]. One unit of GR activity was defined as 1 
µmol of NADPH oxidized per minute at 37˚C. Total an-
tioxidant status was measured by colorimetric method 
developed by Erel [18]. TAC of serum samples was ex-
pressed in mmol Trolox Equiv /L. 

3.5. Statistical Data Analysis 
The obtained data were analyzed using descriptive statis-
tical methods and methods for testing statistical hypo-
theses. The descriptive statistical methods included mea- 
sures of central tendency (mean and median) and meas-
ures of variability (standard deviation). 

The hypothesis concerning the difference between 
arithmetic means was tested by ANOVA test, and when 
the distribution of values did not fulfill the demands of 
normal distribution, Kruskal Wallis H test and Mann- 
Whitney test (rank-sum test) were used. The correlations 
were calculated by Pearson’s linear correlation coeffi-
cient. 

Statistical hypotheses were tested at the level of statis-
tical significance from 0.05, 0.01 and 0.001. The statis-
tical analysis of data was performed using PASW Statis-
tics 18. 

4. Results 
Biochemical and haematological characteristics of he-
modialysis patients with ESRD included in the study are 
presented in Table 1. Haematological parameters of pa-
tients from different groups showed similar concentra-
tions of hemoglobin (p = 0.300), similar number of eryt-
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hrocytes (p = 0.564) and values of mean corpuscular vo-
lume (MCV) (p = 0.061), as well as similar number of 
leukocytes (p = 0.257) (Table 1). No significant differ-
ences were determined among patients from different 
groups concerning the indicators of uremia in serum, 
concentration of urea (p = 0.448), creatinine (p = 0.784) 
and uric acid (p = 0.422) (Table 1). The patients in group 
III, whose ferritin concentration was above 601 µg/L, 
had the highest concentration of serum iron (p < 0.01) 
(Table 1). Correlation analysis determined a significant 
positive relationship between the amount of serum ferri-
tin and iron concentration (r = 0.444, p < 0.05). 

During the study, the highest values of unbound iron 
binding capacity (UIBC) 42 µmol/L (range 36 - 73.3) 
were measured in serum of patients from first group and 
they decreased reciprocally to the values of ferritin (r = 
−0.687, p < 0.001) up to 26.5 µmol/L (range 9.3 - 35.4) 
in serum of patients from group III (p < 0.001) (Figure 
1). This confirms that serum ferritin is a direct measure 
of iron overload in the body. In addition, the highest 
concentration of total iron binding capacity (TIBC) was 
obtained in the serum of patients from first group,  

 

 
Figure 1. Correlation between serum ferritin levels and 
UIBC in hemodialysis patients. 

49.3 µmol/L (range 45.4 - 75.1), while it was signifi-
cantly lower, 33.8 µmol/L (range 27.7 - 45.9) in serum of 
patients whose ferritin concentrations were above 601 
µg/L (p = 0.001) (Table 1). The highest percentage of 
transferrin saturation index (TSAT), calculated from se-
rum iron and total binding capacity, which shows the 
capacity of transferrin to bind and transport available 
iron, was determined in serum of patients with the high-
est concentration of ferritin (group III) (p < 0.05) (Table 
1). 

The lowest level of total hydroperoxides (ROOH), as 
early markers of lipid peroxidation, was measured in 
serum of patients from group I, 6.2 (range 2.9 - 7.9) 
µmol/L (Table 2). The concentration of ROOH increased 
parallel to the increase in serum ferritin concentration (r 
= 0.503, p < 0.01) (Figure 2) and it reached the highest 
level in patients from group III, 8.4 (range 7.3 - 8.9) 
µmol/L (p < 0.001) (Table 2). The concentration of ma-
londialdehyde, final product of lipid peroxidation, in se-
rum of patients was significantly increased from group I 
to group III (p < 0.001) (Table 2), parallel to the increase 
in ferritin concentration (r = 0.672, p < 0.001) (Figure 3). 
The data obtained in our study show positive correlation  

 

 
Figure 2. Correlation between serum ferritin and ROOH. 

 
Table 2. Serum oxidative stress markers in hemodialysis patients. 

 Group I N = 6 Group II N = 6 Group III N = 17 p value 

ROOH (µmol/L) 6.2 (2.9 - 7.9) 7.2 (6.6 - 8.3)* 8.4 (7.3 - 8.9)* p < 0.001 

MDA (µmol/L) 5.8 ± 0.6 6.7 ± 1.1 7.4 ± 0.5* p < 0.001 

AOPP (µmol/L) 34.4 ± 6.1 45.4 ± 13 57.7 ± 7.8* p < 0.001 

T-SH (µmol/L) 385 ± 53 325 ± 71 271 ± 96* p < 0.05 

GSH (µmol/L) 7.4 ± 0.8 6.1 ± 1.3 4.3 ± 0.6* p < 0.001 

GPx (U/L) 47.6 ± 19.8 52.2 ± 11.8 56.2 ± 14.8 p = 0.494 

GR (U/L) 34 (29 - 54) 46 (34 - 52) 46 (32 - 78) p = 0.133 

GST (U/L) 9.2 (8.4 - 9.9) 9.2 (8.4 - 9.9) 9.7 (8.4 - 11.9) p = 0.222 

SOD (kU/L) 50.1 ± 10.2 66.4 ± 8.9 69.7 ± 12.5* p < 0.05 

TAC (mmol/L) 2.1 ± 0.3 1.8 ± 0.5 1.5 ± 0.5* p < 0.05 
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between concentration of iron in serum and products of 
lipid peroxidation, ROOH (r = 0.513, p < 0.01) (Figure 4) 
and MDA (r = 0.402, p < 0.05) (Figure 5). The markers 
of oxidative protein damage were determined by ad-
vanced oxidation protein products (AOPP) in the serum 
of patients. The obtained results show a significantly 
higher concentration of AOPP in serum of patients 
whose ferritin concentration was above 601 mg/L (group 
III) (57.7 ± 7.8 µmol/L), compared to group I (p < 0.001) 
and group II (p < 0.05) (Table 2). Correlation analysis 
showed positive relationship between serum ferritin and 
AOPP concentration (r = 0.592, p = 0.001) (Figure 6), as 
well as between serum iron concentration and AOPP (r = 
0.460, p < 0.05) (Figure 7). Patients with the highest 
amount of serum ferritin had significantly lower amount 
of total sulfhydryl groups (T-SH) (p < 0.05) (Table 2).  
 

 
Figure 3. Correlation between ferritin levels and MDA. 

 

 
Figure 4. Correlation between iron and ROOH. 

 

 
Figure 5. Correlation between iron levels and MDA. 

 
Figure 6. Correlation between ferritin and AOPP. 

 

 
Figure 7. Correlation between iron and AOPP. 

 
The measured activity of superoxide dismutase (SOD) in 
serum increased from group I to group III (p < 0.05), 
parallel to the increase in ferritin concentration (Table 2). 
Lim et al. [19] also obtained higher SOD activity in 
plasma in patients with higher ferritin concentration, both 
before and after intravenous administration of iron. It is 
possible that SOD activity increases in response to oxid-
ative stress caused by harmful effect of higher levels of 
iron in serum of patients. 

The lowest concentration of reduced glutathione (GSH) 
was measured in serum of patients with the highest ferri-
tin concentration (Table 2), whereas activity of antioxi-
dant enzymes, glutathione peroxidase (GPx) and gluta- 
thione S-transferase (GST) did not show significant dif-
ference among the tested groups (Table 2). The smallest 
total antioxidant capacity (TAC) was obtained in serum 
of patients from group III (p < 0.05) (Table 2). 

5. Discussion  
Iron plays a vital role in various physiological functions 
including DNA synthesis, mitochondrial respiration, and 
oxygen transport. While iron is important physiologically 
in these actions, in excess the metal can be toxic through 
oxidative stress [20]. Metal-induced generation of oxy-
gen radicals results in the attack of cellular components 
involving polyunsaturated fatty acid residues of phos-
pholipids, which are very sensitive to oxidation [21]. 
Lipid peroxidation (LP) can be initiated by the OH radi-
cals or by perferryl or ferryl derivatives generated in the 
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reactions involving iron, 2O−  and H2O2 [22]. Numerous 
studies have pointed to the possibility that iron plays a 
role in initiation of lipid peroxidation and to the capabil-
ity of redox-active iron to catalyze reactions between 
oxygen and biological molecules [23]. The process of 
lipid peroxidation can lead to oxidation of plasma lipo-
proteins and possibly contribute to the development of 
atherosclerosis, a very common complication in hemo-
dialysis patients [24]. 

In our study, we measured a significantly higher con-
centration of early products of lipid peroxidation—RO- 
OH, as well as the final product—MDA, in serum of 
hemodialysis patients whose serum ferritin was above 
601 µg/L (Table 2). Correlation analysis determined a 
positive relationship between the levels of ferritin and 
ROOH (r = 0.503, p < 0.01) (Figure 2) and between fer-
ritin and MDA (r = 0.672, p < 0.001) (Figure 3) in the 
serum of patients. These results are in accordance with 
the results obtained by other researchers [3,9] who have 
also determined that intravenous administration of iron in 
hemodialysis patients is followed by increased concen-
tration of lipid peroxidation products in plasma. These 
results probably show that repeated intravenous iron sup- 
plementation contributes to the formation of redox-active 
iron which can have pro-oxidative effect on the one hand, 
and they also point to high sensitivity of lipids to oxida-
tion on the other hand. Correlation analysis showed a 
significant positive reciprocity between iron concentra-
tion in serum and products of lipid peroxidation, ROOH 
(r = 0.513, p < 0.01) (Figure 4) and MDA (r = 0.402, p < 
0.05) (Figure 5), which probably points to the possibility 
that higher concentrations of serum iron can increase the 
process of lipid peroxidation. Similar results were ob-
tained by Slahudeen et al. [25] who showed that high 
level of serum iron, usually associated with high TSAT, 
can be a catalyzer of lipid peroxidation. Higher serum 
ferritin levels in patients from group III, followed by 
higher concentration of ROOH and MDA, compared to 
other two groups, probably indicates that these patients 
have insufficient compensatory mechanisms for iron bin- 
ding, which results in iron overload and deterioration in 
already present oxidative stress in patients undergoing 
hemodialysis.  

The examination of lipid status in serum of our pa-
tients showed a status characterized by total cholesterol 
(TC) concentration within normal limits [26], lower con- 
centration of cholesterol in high-density lipoproteins 
(HDL-H), higher concentration of cholesterol in low- 
density lipoproteins (LDL-H), somewhat higher concen-
tration of triacylglycerol (TG), but no significant differ-
ence was determined in the concentration of total choles-
terol, HDL-H, LDL-H and triglycerides in serum of dif-
ferent groups (Table 1). Numerous researches indicate 
that the change in lipid status in dialysis patients with 

ESRD influences the development and progression of 
atherosclerosis [27].  

Iron ions can participate in oxidative modification of 
low-density lipoproteins (LDL) through reactive oxygen 
species, which contributes to the development of athe-
rosclerosis in hemodialysis patients [28]. Factors which 
point to lipoprotein oxidation in circulation in hemodia-
lysis patients are: increased concentration of lipid perox-
idation markers, ROOH, conjugated dienes, and MDA 
[3,9], presence of oxidized LDL in circulation [29], as 
well as increased serum titer of antioxidized LDL anti-
bodies [28]. Taki and associates [30] determined a sig-
nificant positive correlation between lipid peroxides and 
malondialdehyde and coronary artery calcification score 
in hemodialysis patients.  

In hemodialysis patients with ESRD plasma proteins 
are very sensitive and susceptible to the effects of free 
radicals and advanced oxidation protein products (AOPP) 
are markers of oxidative protein damage [31]. Different 
types of reactive radicals can oxidize amino acids and 
proteins which lead to functional changes, reduction or 
loss of metabolic, catalytic or immunological protein ac- 
tivity. The testing of measured concentrations of AOPP 
in the serum of our patients showed a higher concentra-
tion of AOPP in patients with higher level of serum ferri-
tin (p < 0.001) (Table 2), as well as positive correlation 
between serum ferritin and AOPP (r = 0.592, p = 0.001) 
(Figure 6) and between concentration of serum iron and 
AOPP (r = 0.460, p < 0.05) (Figure 7). These results are 
in accordance with the results obtained by Drüeke et al. 
[24] who determined an increase in the level of AOPP in 
plasma of patients with ESRD and showed positive cor-
relation between the levels of advanced oxidation protein 
products and dosage of intravenous iron, AOPP and se-
rum ferritin, and AOPP and carotid artery intima-media 
thickness. In addition, Anraku and associates [32] deter-
mined that more frequent i.v. application of iron signifi-
cantly increases the level of AOPP in serum of dialysis 
patients, as well as positive correlation between AOPP 
and the level of oxidized albumin. Reduction of T-SH 
concentration in serum of hemodialysis patients who 
received i.v. iron (p < 0.05) (Table 2) can be explained 
by increased consumption of antioxidants, probably due 
to over saturation of transferrin and release of redox- 
active iron which can act as a catalytic factor in the for-
mation of reactive oxygen radicals.  

Reduced glutathione and GHS-dependent enzymes, 
glutathione peroxidase (GPx) and glutathione S-trans- 
ferase (GST) are important factors in antioxidant defense 
of the body. Glutathione proxidase activity influences the 
concentration of H2O2 and other hydroperoxides because 
of the key role in degradation of the mentioned peroxides. 
Therefore, in conditions of reduced GPx activity, the 
concentration of lipid peroxidation products in plasma 
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increases.  
The serum of patients with highest level of ferritin 

contained significantly lower concentration of GSH (p < 
0.001) (Table 2), whereas the measured activity of anti-
oxidant enzymes GPx and GST was not significantly 
different in the tested groups (Table 2). The results of 
our study show that patients with the highest amount of 
ferritin also have the lowest level of GSH in serum 
(Table 2) which points to increased oxidative stress in 
patients with higher concentration of iron in serum. It is 
possible that intravenous administration of iron requires 
higher amount of GSH for antioxidant enzyme activity 
and defense against free radicals which aggravate oxida-
tive stress and oxidative damage in hemodialysis pa-
tients.  

Higher level of ROOH, MDA and AOPP on the one 
hand, and lower concentration of T-SH, GSH and total 
antioxidant capacity (TAC) on the other hand, in serum 
of patients with higher concentration of ferritin, can pro- 
bably be explained by over saturation of transferrin and 
other iron-sequestrating plasma proteins, and by iron 
overload in the body, with concurrent reduction of anti-
oxidant defense. Iron overload in hemodialysis patients 
can raise pro-oxidant activity in plasma and increase the 
demand for antioxidants.  

6. Conclusion 
The results of our study indicate that patients with ESRD 
on hemodialysis, whose treatment included repeated in- 
travenous administration of iron, and who had the highest 
concentration of serum iron and ferritin, also had the 
highest level of lipid and protein oxidation products in 
serum, as well as the smallest amount of T-SH, GSH and 
activity of GPx and GST. Based on our analyses, it is 
possible that iron supplementation in hemodialysis pa-
tients can lead to iron overload of the body consequently 
contributing to the formation of free oxygen radicals and 
initiation of the process of lipid peroxidation. The im-
balance between the formation and removal of reactive 
oxygen species is a probable factor that contributes to the 
occurrence of complications in patients undergoing he-
modialysis. 
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