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Introduction

Abstract

Background: Hemodialysis (HD) is the most common form of treating
patients in the End-Stage Renal Disease (ESRD). The most common approach
to measuring the effect of oxidative stress has been to measure the activity
of Glutathione Peroxidases (GSH-Px), Superoxide Dismutase (SOD) and the
product of lipid peroxidation — Malonyldialdehyde (MDA). In Chronic Kidney
Disease (CKD) patient's Selenium (Se) level in blood is frequently lower than
in healthy subjects and it decreases gradually with the progress of the disease.

Aim: The aim of our study was to examine whether the administration of Se
to patients on HD alters the activity of GSH-Px and SOD in red blood cells and
the level of MDA in plasma.

Patients and Methods: Our study involved 3 groups of subjects: 1) 52
CKD nondialyzed patients, 2) patients in ESRD supplemented for 3 months
with Se-rich yeast, 200 pg/day (n = 30) or placebo (n = 28) and 3) 52 healthy
subjects. The GSH-Px and SOD activities in red blood cell hemolysates and lipid
peroxidation products [expressed as Thiobarbituric Acid Reactive Substances
(TBARS)] in plasma were assayed.

Results: GSH-Px activity in RBCs was significantly lower in nondialyzed
CKD patients as compared with control group, but was even more reduced
in patients on HD. SOD activity in red blood cells was significantly lower in
patients in ESRD than in the healthy subjects and in the nondialyzed patients.
Se supplementation to the HD patients has no effect on the change in SOD
activity. TBARS level in plasma in patients on HD was significantly higher than in
the control group and in nondialyzed patients. Se administration did not reduce
this level.

Conclusion: Se supplementation to patients on HD has no effect on the
activity of SOD in red blood cells and does not prevent lipid peroxidation.
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linked to DNA damage due to oxidative stress [9]. The relationship
between DNA damage and cancer development has been widely

Oxidative stress is defined as an imbalance between prooxidants
and antioxidants in favor of the oxidants, potentially leading to
damaging biological systems [1,2]. Oxidative stress is present and
its markers can be measured in both healthy people and those
with various clinical disorders [3]. Oxidative stress has been linked
with damaged proteins, DNA, lipids in cell membranes (mainly
unsaturated fatty acids; PUFA) and carbohydrates [3], and thus
leads to the progression of several diseases including cardiovascular
diseases, cancer, Chronic Kidney Disease (CKD) and others [4]. Most
importantly, oxidative stress is believed to promote the endothelial
dysfunction and atherosclerosis and, therefore, cardiovascular
complications [5]. Free radicals formed during oxidative stress are
also responsible for DNA damage and, as a consequence, for cancer
development [6-8]. Long periods of Hemodialysis (HD) treatment are

documented [10].

Hemodialysis is the most common form of treatment for
End-Stage Renal Disease (ESRD) patients, and is associated with
considerable mortality due to cardiovascular disease and cancer
[11,12]. The most common approach to the measurement of oxidative
stress and free radicals has been to measure the products of lipid
peroxidation and PUFA oxidation - the level of Malonyldialdehyde
(MDA) [13], as well as the activity of antioxidant enzymes. The body’s
defenses against lipid peroxidation include the enzymes: superoxide
dismutases (SOD; EC 1.15.1.1), glutathione peroxidases (GSH-Px; EC
1.11.1.9) and catalase (CAT; EC 1.11.1.6) [3]. These enzymes destroy
dangerous products of oxygen metabolism.
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Superoxide dismutases play a central role in catalyzing the
spontaneous dismutation of superoxide (O, *") into oxygen and
hydrogen peroxide [14]. Thus, they are an important antioxidant
defense in nearly all cells exposed to oxygen. Hydrogen peroxide is
then destroyed by GSH-Px and CAT [15].

Selenium (Se) is an essential trace element required in
microgram amounts by all mammals. It is incorporated in the form of
Selenocysteine (Sec) into 25 selenoproteins [16]. Enzymatic activity
has been assigned to 12 of these selenoproteins, and some of them
have antioxidant activities [17]. GSH-Px is the most extensively
characterized selenoprotein, being found in Red Blood Cells (RBC)
and cytosol of nearly all tissues of mammals, birds and several other
organisms. It is called classical GSH-Px (cGSH-Px or GSH-Px1)
[18-20]. Five isoforms of GSH-Px have been identified [21], two are
present in the blood: GSH-Px 1 present in red blood cells and GSH-
Px 3 present in plasma. Both have a tetrameric form and contain one
selenium per subunit (or four gram atoms of Se per mole of enzyme)
in the form of Sec [22-24].

Zinc (Zn) is incorporated in the catalytic site of several hundred
metaloproteins [25]. Copper (Cu) is an essential element for all living
organisms, serving as a cofactor for many important metaloproteins
and enzymes [26]. Cu and Zn form the active site of one of the forms
of SOD - Cu**/Zn** SOD (called SOD 1), present in cytosol and red
blood cells [27]. Concentrations of Se and Zn in blood plasma of CKD
patients are decreased [28,29] but the status of copper does not seem
to be influenced by CKD [30].

The aim of this study was to determine the activity of SOD and
GSH-Px in RBCs, the levels of Zn, Cu and MDA concentrations in
plasma of HD patients supplemented for 3 months with 200 pg of Se
per day.

Materials and Methods

Patients and controls

A 3-month, randomized double-blind, placebo-controlled trial
was carried out. The study involved 3 groups of subjects. Group 1
comprised of 52 of CKD nondialyzed patients in different stages of
the disease (creatinine level: 1. 00 - 10.99 mg/dL; mean: 5.16 mg/
dL); group 2: 58 CKD patients in ESRD (creatinine level: 4.20 - 16.60
mg/dL; mean: 9.43 mg/dL) on regular HD, divided into 2 subgroups:
30 patients supplemented with 200 ug Se/day in the form as high-
Se yeast tablets (produced by Pharma Nord, Bioselenium, Denmark)
for 3 months, and 28 patients supplemented with placebo tablets
containing identical yeast with no added Se (Pharma Nord). The
patients were dialyzed 3 times a week for 4 hours. Group 3 consisted
of 52 healthy subjects. The study was approved by the Institute
Ethics Committee for Medical Research (No. 18/2003) and all the
participants gave their written consent.

Methods

Blood samples were drawn from all the participants into
vacutainer tubes containing lithium heparin as an anticoagulant.
From the healthy controls and the patients with CKD not on dialysis,
blood was taken once, and from the patients undergoing dialysis,
three times: before starting the study and after 1 and 3 months of
tablets supplementation. Blood was centrifuged (+4° C, 5 000
r.p.m., 10 min), the plasma was harvested and stored at -20°C until

analysis. The red blood cells were washed three times with an excess
of chilled 0.9% saline solution and were then hemolyzed by freezing
and thawing and centrifuged again. Hemoglobin was measured by
the routine cyanmethemoglobin method. Creatinine concentration
was determined by routine laboratory method using Jafty reaction
(a kit produced by Cormay, Lublin, Poland). SOD activity in RBC
hemolysates was determined according to the method of Beauchamp
and Fridovich [31] and was expressed in U/g Hb. The GSH-Px activity
in red cell hemolysates was assayed by the coupled method of Paglia
and Valentine [32] using tert-butyl hydroperoxide as a substrate. One
unit of the enzyme activity was expressed as 1 mol NADPH oxidized/
min/g Hb of hemolysate (U/g Hb). Lipid peroxidation in the plasma
was monitored by determining the end product of lipid peroxidation
- malonyldialdehyde - described by Wasowicz et al [33]. The values
were expressed as Thiobarbituric Acid Reactive Substances (TBARS)
in nmol/mL. The concentrations of Zn and Cu were measured
by flame atomic absorption spectrometry [34] using Pye Unicam
SP9 800 apparatus. The accuracy of the method was checked with
serum reference material (Seronorm, Nycomed, lot 704121).

Statistical analysis

Comparisons of the levels under study were made by multivariate
analysis of variance [35] at three time points (before the study, one
month and three months after study). When significant differences
were found between the groups, the differences were tested at all time
points. The tests were based on Shapiro-Wilks’ statistics, significance
being set at 0.05. All statistics were conducted using the STATA 9
package.

Results

GSH-Px activity in RBCs was significantly lower in the patients
with CKD not on dialysis (P < 0.02) as compared with the controls,
but was even more reduced in the patients on HD (P < 0.0001)
(Figure 1). Dialysis treatment led to an increase in GSH-Px activity in
both subgroups, however the increase in activity was much higher (P
< 0.0001) in the subgroup supplemented with Se in comparison with
the placebo group (P < 0.005).

SOD activity in RBCs of the nondialyzed patients with CKD did
not differ from the activity in the healthy controls. In the dialyzed
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Figure 1: GSH-Px activity in RBCs of the healthy controls, the CKD
nondialyzed patients and the patients on hemodialysis supplemented with
placebo (white columns) and selenium (dark columns). Statistics: a, the CKD
patients vs. controls, P < 0.02; b, the HD 0 (both subgroups taken together)
vs. the controls and the nondialyzed CKD patients, P < 0.0001; ¢, HD 3 vs. HD
0 (supplemented with placebo), P < 0.005; d, HD 3 vs. HD 0 (supplemented
with Se), P < 0.0001.
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Figure 2: SOD activity in RBCs of the healthy controls, the nondialyzed
CKD patients and the patients on hemodialysis supplemented with placebo
(white columns) and selenium (dark columns). Statistics: a, the HD 0 (both
subgroups) vs. the controls and the nondialyzed CKD patients, P < 0.02; b,
HD 3 vs. HD 0, P = 0.1 (NS).

patients, at the baseline (both subgroups taken together), SOD activity
was lower only by 8.5% compared with controls (P < 0.02) (Figure 2).
Hemodialysis leads to a small reduction in enzyme activity in both
subgroups, but after 3 months, these values were not significantly
different from the activity found at HD 0. It should be emphasized
that selenium supplementation to the patients on HD had no effect
on the change in the activity of this enzyme.

Zinc concentration in plasma of the nondialyzed CKD patients
and the patients on HD was significantly lower compared with the
healthy controls (P < 0.0001) (Figure 3). In the dialyzed patients the
concentration was lower than in the nondialyzed (P < 0.05). In the
placebo group it did not change during the 3 months study. In the
dialyzed patients Se supplementation led to a gradual increase in
the concentration of Zn, which after 3 months had reached a value
significantly higher compared with the HD 0 (P < 0.01).

Copper concentration in plasma in all groups was nearly the same
and ranged from 1.27 to 1.37 mg/L (Figure 4). The values in both
subgroups remained constant during the course of the dialysis.

Plasma MDA concentration in the nondialyzed CKD patients
did not differ from the values found in the control group, but
was significantly higher in the patients on HD (Figure 5). The
administration of Se for a period of three months to the dialyzed
patients had no effect on the change in the concentration of MDA.

Discussion

Reactive oxygen species have been implicated in the pathogenesis
of a broad variety of tissue injuries in various disease states. This is
mainly mediated by peroxidation of lipids, injury of nucleic acids
(mainly DNA) and proteins [36,37]. The first line of defense against
ROS is SOD. There are some studies which have shown decreased
activity of red blood cell SOD and GSH-Px in CKD patients and
suggest that hemodialysis can produce oxidative stress which leads
to lipid peroxidation [3,38]. The decreased activity of red blood cell
SOD and GSH-Px in the dialyzed patients found in our study is in
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Figure 3: Zinc concentration in plasma of the healthy controls, the
nondialyzed CKD patients and the patients on hemodialysis supplemented
with placebo (white columns) and selenium (dark columns). Statistics: a, the
CKD nondialyzed patients and the HD 0 (both subgroups taken together) vs.
the controls, P < 0.0001; b, HD 0 (both subgroups) vs. CKD, P < 0.05; ¢, HD
3 (+Se) vs. HD 0 (+Se), P < 0.01.
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Figure 4: Copper concentration in plasma of the healthy controls, the
nondialyzed CKD patients and the patients on hemodialysis supplemented
with placebo (white columns) and selenium (dark columns). Statistics: There
were no statistical differences between the groups.
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Figure 5: TBARS concentration in plasma of the healthy controls, the
nondialyzed CKD patients and the patients on hemodialysis supplemented
with placebo and selenium. Statistics: a, HD 0 (both subgroups taken
together) vs. the healthy controls and the nondialyzed CKD patients, P <
0.05.

accordance with the above observations. Our and other studies have
shown that the patients with CKD and especially those on HD have
significantly lower Se concentration in blood components and lower
GSH-Px activity in plasma [28,29,39-42].

GSH-Px reduces hydrogen peroxide and all organic
hydroperoxides [43]. In this study we demonstrated that RBC GSH-
Px activity in nondialyzed patients with CKD is significantly lower
compared with healthy subjects. Results of this study correspond to
our previous study [44] and to the observations of many other authors
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[3,36,45-48]. However, studies of several other authors presented
conflicting results on the red cell GSH-Px activity in the CKD patients
[29,49-51].

Red blood cell GSH-Px is synthesized during erythropoiesis, and
is not dependent on kidney function [52] therefore it is not clear why
in these patients its activity is reduced. It seems very likely that the
main reason for this is selenium deficiency [29,39,42,53].

Montazerifar et al [3] have shown that in the dialyzed patients
RBC GSH-Px and SOD activity was more than two times lower
compared with the controls and decreased markedly (by about 50%
and 33%, respectively) after HD (P < 0.0001). The authors believe that
dialysis reduces the antioxidant defense of the organism.

Thereisadearth of publications on the effect of Se supplementation
to CKD patients.

In the literature there is no clear opinion concerning the
administration of selenium to patients on HD. Some authors suggest
that Se should be administered to these patients [54-56], although
it has little or no effect on the GSH-Px activity in plasma [42,57].
Due to the antioxidant properties of Se incorporated in some other
selenoenzymes, it has been suggested that supplementation of this
element might be of benefit and efficacious in reducing cardiovascular
complications in uremic patients [58]. Koenig et al [36] believe that
Se supplementation improves the oxygen radical scavenger system
and increases selenium concentration in blood and the activity of
selenium dependent GSH-Pxs in other tissues. Thus, Se should be
considered for micronutrient supplementation in patients on chronic
HD therapy.

Our group studied the effect of Se supply on plasma GSH-Px
protein level in plasma [39] and on protection of DNA against ROS in
lymphocytes in the patients on HD [9]. In a few studies conducted by
other authors, the patients on HD were administered with different
preparations and doses of Se and for different periods of time. For this
reason, the results presented differ widely from each other.

In our study, RBC GSH-Px activity, in the patients on HD
receiving Se for three months rose from 18.4 to 25.1 U/g Hb (P <
0.0001). Koenig et al [36] supplemented intravenously to the dialyzed
patients with 400 pg sodium selenite three times a week for eight
weeks and have shown that RBC GSH-Px activity rose significantly
(from 16.5 to 24.2 U/g Hb; P < 0.001). The authors believe that based
on the conclusions presented above, Se should be administered to the
CKD patients.

Superoxide dismutase plays a major role in protecting the cells
against oxidative stress

This occurs in the patients on HD and is linked to the acceleration
of tissue damage in ESRD [59]. SODs work in conjunction with
CAT and GSH-Pxs to diminish the harmful effects of ROS [60]. The
activity of SOD varies among tissues. The highest levels are seen in the
liver, kidney and spleen [37]. Vaziri et al [61] have shown that in rat
kidney tissue with surgically induced CKD, Cu/Zn SOD activity was
significantly lower (by 55%) compared to sham operated rats.

Studies on the activity of SOD in RBCs in the patients on HD
have provided different results. Our results have shown that in the

nondialyzed CKD patients RBC Cu*"/Zn** SOD activity was the same
as in the control group but was significantly lower in the patients on
HD. Results of our study are fully consistent with the observations
of Ceballos-Picot et al [40] who have also shown that the activity of
this enzyme was the same as in the controls and was not affected by
the progression of renal failure, but in the patients on HD the activity
was significantly lower (P < 0.001). Similar to our results Atamer et al
[62] did not find significant difference in RBC SOD activity between
the CKD patients and the control group. Koca et al [63] showed that,
similarly to our results, SOD activity in red blood cells in the dialyzed
patients is significantly lower than in the healthy controls. Prolonged
exposure to HD (up to 11 years) had no effect on the SOD activity.

Our study has shown that dialysis had little effect on the RBC
SOD activity: After three-month treatment the activity decreased
insignificantly in both subgroups [by 11% (controls) and 9% (+Se)].
Se supplementation to the HD patients had no effect on the activity of
this enzyme. Quite different results were obtained by Koenig et al [36]
and Mimic-Oka et al [49]. Koenig’s group has shown that in the CKD
patients on HD, SOD activity in RBCs was significantly higher (P <
0.001) than in the control group. With regard to the administration
of Se to the dialyzed patients, the results obtained by these authors
are consistent with the data of our study: during Se administration
RBC SOD activity decreased slightly and rose 4 weeks after the end
of supplementation. On the contrary, Mimic-Oka et al [49] found
that in all stages of CKD SOD activity in red blood cells increased
from 43% (early stages) to 81% (ESRD) compared with the healthy
controls. The authors argue that augmentation of erythrocyte SOD
activity, which serves a key function in the elimination of ROS, in
the CKD patients probably, provides significant protection for red
blood cells against exogenous and endogenous oxidant metabolites
accumulating in the blood in chronic renal insufficiency. In another
experiment Mimic-Oka et al [64] studied the SOD activity in plasma
of nondialyzed CKD patients and those on HD and have shown that
in the early stages of the disease enzyme activity did not differ from
the control group, but in the ESRD and in the patients on HD it was
significantly (P < 0.001) higher that in the control group. The authors
believe that the gradual increase in the activity of SOD in plasma of
the HD patients together with the fall in plasma GSH-Px activity may
result in an accumulation of H,0, and other hydro peroxides.

Several studies on the erythrocyte SOD activity presented by
other authors [47,48,65,66] have reported lower values in patients
on HD. Low values of the activity was accompanied by significantly
reduced concentrations of Cu and Zn. Richard et al [47] showed also
a high, statistically significant (P < 0.02) correlation between RBC
SOD and Zn (r = 0.58) and SOD and Cu (r = 0.60). Mimic-Oka et
al [67] demonstrated that in the patients on HD red blood cell SOD
was significantly lower (P < 0.001) compared to the control group
and nondialyzed patients. The dialysis did not affect the activity of
this enzyme.

According to most studies, the patients with CKD have reduced
plasma concentration of Zn and during dialysis this concentration
does not change significantly [cf 68]. The results of our study confirm
these observations. In Se supplemented subgroup Zn concentration
increased significantly in comparison to the baseline. The results of
our observation are consistent with the data of other authors [41,69-
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72], who have also shown statistically lower levels of this element
compared with the healthy subject.

Our study has shown that the concentration of Cu in the plasma
of patients with CKD and on dialysis did not differ from the values of
the control group. Se supply to the dialyzed patients had no effect on
plasma concentration of Cu. Our results are consistent with the data
of Agenet et al [73] who did not show differences in the concentration
of Cuin plasma and RBC among the dialyzed patients and the control
group; the process of dialysis did not affect the change of these levels.
Several authors [28,63,71,72] have shown higher levels of plasma/
serum Cu in the patients on HD.

Oxidative stress increased lipid peroxidation [74]. Thiobarbituric
acid reactive substances are naturally present in biological specimens
and include lipid hydroperoxides and aldehydes (mainly MDA)
concentration which increases as a response to oxidative stress [75].

Studying the concentration of MDA in blood components in
patients on HD most authors found significantly higher values of
this compound compared with the healthy subjects. Martin-Mateo
et al [46] have shown that in HD patients the baseline concentration
of MDA in RBCs before dialysis was higher by 31% compared with
the controls and after HD the concentration increased significantly
(P < 0.001) by about 40%. Ozden et al [43] have shown that MDA
concentration in plasma increased significantly after HD (P < 0.0001)
by 67% compared to pre-HD values. Koca et al [63] showed that the
concentration of MDA in plasma of patients on dialysis was nearly
two times higher than in the control group, and during dialysis (up to
11 years) it further increased significantly.

However, Samouilidou and Grapsa [76] showed that in the
patients treated with HD and Peritoneal Dialysis (PD) plasma MDA
levels were significantly higher than in the control group, but after
HD - contrary to the above mentioned authors - the concentration
was significantly reduced. Paul et al [48] did not find any differences
in plasma MDA levels between the HD patients and the control
group, while the RBCs MDA concentrations were significantly higher
in those patients.

Several studies have shown that administration of certain
antioxidant compounds to the dialyzed patients prevented the
oxidation of PUFAs. The most often used antioxidants in the dialyzed
patients are vitamins E and C, sometimes selenium.

The results of our study showed that selenium supplementation
to the dialyzed patients has no effect on lipid per oxidation - TBARS
concentration in plasma after 3-month supplementation of the
element did not differ from the baseline values and was the same as
in the placebo group.

Our results are in some way similar to the data published by
Koenig et al [36] who supplemented the patients on chronic HD with
sodium selenite and observed that MDA level was only temporarily
decreased during Se supplementation, but returned to the restudy
level after 8 weeks. In their study [36] MDA concentration in the
patients before dialysis was profoundly elevated compared with
the normal controls (1.68 vs. 0.36 mmol/L plasma; P < 0.001). Also
Ardalan et al [77], who supplemented the patients on HD (two times
a week) with capsules containing 600 pg Se (sodium selenide) and 400

1U vitamin E found no difference in the concentration of MDA in the
serum before and after the completion of the study.

Recently, Salehi et al [78] has shown that administration of 200
ug Se per day (selenium yeast) to the HD patients for a period of
12 weeks resulted in the concentration of MDA in the serum being
significantly (P < 0.001) lower compared to the placebo group.
The baseline concentration of MDA in both groups was the same.
Also El-Demerdash and Nasr [79] have recently shown that Se
supplementation (200 ug/kg BW/day for 30 days) to rats caused a
significant decrease in the level of TBARS and an increase in SOD
and GSH-Px activity in serum. The question about supplementation
of antioxidants to the HD patients is open although there are some
positive data regarding the use of moderate and safe selenium
supplementation to those patients. In our experimental studies we
have shown that administration of Se to the patients on HD stimulates
the activity of GSH-Px in erythrocytes [42]. It has also been shown
that Se administration to mammals induces the synthesis of GSH-
Px 1 in other tissues [20,80]. Se has a negligible effect on the activity
of GSH-Px in plasma, does not induce the synthesis of this enzyme
in the kidneys [39] but prevents DNA damage in lymphocytes [9].
Some authors recommend that the impaired kidney function can be
improved by Se administration in the CKD patients, particularly in
the patients on HD [36,78,81,82]. Zima et al [83] suggest that in the
dialyzed patients Se supply may be beneficial (increasing glutathione
peroxidase activity, immunostimulatory properties, cardioprotective
effect, for the chronic renal failure patients. Supplementation with a
trace element may be indicated when its depletion was unequivocally
documented and when there is evidence of the positive effects of this
element on the quality of life of the dialyzed patients.

In conclusion, our results suggest that Se supplementation to
patients on HD increases the activity of GSH-Px in red blood cells but
has no effect on the activity of SOD in these cells. Se administration
has no effect on the reduction of MDA concentration in plasma.

Acknowledgement

This study was partly financed by the State Committee for
Scientific Research Committee (KBN), Warsaw, Poland (Grant No. 2
P05D 097 27). Thanks are due to Mr. Sven Moesgaard, Pharma Nord,
Denmark, for supplying us with selenium rich-yeast and placebo used
in this study.

References

1. Sies H. Oxidative stress: oxidants and antioxidants. Exp Physiol. 1997; 82:
291-295.

2. Almondes KG, Leal GV, Cozzolino SM, Philippi ST, Rondé PH. The role of
selenoproteins in cancer. Rev Assoc Med Bras. 2010; 56: 484-488.

3. Montazerifar F, Hashemi M, Karajibani M, Sanadgol H, Dikshit M. Evaluation
of lipid peroxidation and erythrocyte glutathione peroxidase and superoxide
dismutase in hemodialysis patients. Saudi J Kidney Dis Transpl. 2012; 23:
274-279.

4. Crawford A, Fassett RG, Coombes JS, Kunde DA, Ahuja KD, Robertson IK,
et al. Glutathione peroxidase, superoxide dismutase and catalase genotypes
and activities and the progression of chronic kidney disease. Nephrol Dial
Transplant. 2011; 26: 2806-2813.

5. Locatelli F, Canaud B, Eckardt KU, Stenvinkel P, Wanner C, Zoccali C.
Oxidative stress in end-stage renal disease: an emerging threat to patient
outcome. Nephrol Dial Transplant. 2003; 18: 1272-1280.

Submit your Manuseript | www.austinpublishinggroup.com

Austin Therapeutics 1(2): id1008 (2014) - Page - 05


http://www.ncbi.nlm.nih.gov/pubmed?term=Samouilidou E%5BAuthor%5D&cauthor=true&cauthor_uid=12784045
http://www.ncbi.nlm.nih.gov/pubmed?term=Grapsa E%5BAuthor%5D&cauthor=true&cauthor_uid=12784045
http://www.ncbi.nlm.nih.gov/pubmed/9129943
http://www.ncbi.nlm.nih.gov/pubmed/9129943
http://www.ncbi.nlm.nih.gov/pubmed/20835649
http://www.ncbi.nlm.nih.gov/pubmed/20835649
http://www.ncbi.nlm.nih.gov/pubmed/22382218
http://www.ncbi.nlm.nih.gov/pubmed/22382218
http://www.ncbi.nlm.nih.gov/pubmed/22382218
http://www.ncbi.nlm.nih.gov/pubmed/22382218
http://www.ncbi.nlm.nih.gov/pubmed/21325350
http://www.ncbi.nlm.nih.gov/pubmed/21325350
http://www.ncbi.nlm.nih.gov/pubmed/21325350
http://www.ncbi.nlm.nih.gov/pubmed/21325350
http://www.ncbi.nlm.nih.gov/pubmed/12808161
http://www.ncbi.nlm.nih.gov/pubmed/12808161
http://www.ncbi.nlm.nih.gov/pubmed/12808161

Zachara BA

Austin Publishing Group

10.
11

12.

13.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Castro L, Freeman BA. Reactive oxygen species in human health and
disease. Nutrition. 2001; 17: 161, 163-165.

Degtyareva NP, Heyburn L, Sterling J, Resnick MA, Gordenin DA, Doetsch
PW. Oxidative stress-induced mutagenesis in single-strand DNA occurs
primarily at cytosines and is DNA polymerase zeta-dependent only for
adenines and guanines. Nucleic Acids Res. 2013; 41: 8995-9005.

Valko M, Rhodes CJ, Moncol J, Izakovic M, Mazur M. Free radicals, metals
and antioxidants in oxidative stress-induced cancer. Chem Biol Interact.
2006; 160: 1-40.

Zachara BA, Gromadzinska J, Palus J, Zbrog Z, Swiech R, Twardowska E, et
al. The effect of selenium supplementation in the prevention of DNA damage
in white blood cells of hemodialyzed patients: a pilot study. Biol Trace Elem
Res. 2011; 142: 274-283.

Wu J. DNA damage and tumorigenesis. J Mol Cell Biol. 2013; 5: 155-156.

Motan J, Krizek M, Finek J, Mukensnabl P. [Malignancies in patients on
dialysis]. Cas Lek Cesk. 2005; 144: 298-302.

Amann K, Tyralla K. Cardiovascular changes in chronic renal failure--
pathogenesis and therapy. Clin Nephrol. 2002; 58: 62-72.

Trevisan M, Browne R, Ram M, Muti P, Freudenheim J, Carosella AM, et
al. Correlates of markers of oxidative status in the general population. Am J
Epidemiol. 2001; 154: 348-356.

Joseph M. The generation of Free radicals by blood platelets. In: Joseph M,
ed. Immunology of Platelets, London — Toronto; Acad Press. 1995: 209-225.

Durak I, Akyol O, Basesme E, Canbolat O, Kavutcu M. Reduced erythrocyte
defense mechanisms against free radical toxicity in patients with chronic
renal failure. Nephron. 1994; 66: 76-80.

Turanov AA, Lobanov AV, Hatfield DL, Gladyshev VN. UGA codon position-
dependent incorporation of selenocysteine into mammalian selenoproteins.
Nucleic Acids Res. 2013; 41: 6952-6959.

Hawkes WC, Richter D, Alkan Z. Dietary selenium supplementation and
whole blood gene expression in healthy North American men. Biol Trace
Elem Res. 2013; 155: 201-208.

. Zachara BA. Mammalian selenoproteins. J Trace Elem Electrolytes Health

Dis. 1992; 6: 137-151.

Behne D, Kyriakopoulos A. Mammalian selenium-containing proteins. Annu
Rev Nutr. 2001; 21: 453-473.

Zachara BA, Mikolajczak J, Trafikowska U. Effect of various dietary selenium
(Se) intakes on tissue Se levels and glutathione peroxidase activities in
lambs. Zentralbl Veterinarmed A. 1993; 40: 310-318.

Brigelius-Flohé R, Maiorino M. Glutathione peroxidases. Biochim Biophys
Acta. 2013; 1830: 3289-3303.

Maddipati KR, Marnett LJ. Characterization of the major hydroperoxide-
reducing activity of human plasma. Purification and properties of a selenium-
dependent glutathione peroxidase. J Biol Chem. 1987; 262: 17398-17403.

Forstrom JW, Zakowski JJ, Tappel AL. Identification of the catalytic site of
rat liver glutathione peroxidase as selenocysteine. Biochemistry. 1978; 17:
2639-2644.

Arthur JR, Beckett GJ. New metabolic roles for selenium. Proc Nutr Soc.
1994; 53: 615-624.

Maret W, Jacob C, Vallee BL, Fischer EH. Inhibitory sites in enzymes: zinc
removal and reactivation by thionein. Proc Natl Acad Sci U S A. 1999; 96:
1936-1940.

Rosenzweig AC. Copper delivery by metallochaperone proteins. Acc Chem
Res. 2001; 34: 119-128.

Ottaviano FG, Handy DE, Loscalzo J. Redox regulation in the extracellular
environment. Circ J. 2008; 72: 1-16.

Guo CH, Chen PC, Hsu GS, Wang CL. Zinc supplementation alters plasma
aluminum and selenium status of patients undergoing dialysis: a pilot study.
Nutrients. 2013; 5: 1456-1470.

29.

30.

31.

32.

33.

34.

35.
36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Zachara BA, Koterska D, Manitius J, Sadowski L, Dziedziczko A, Salak A,
et al. Selenium supplementation on plasma glutathione peroxidase activity
in patients with end-stage chronic renal failure. Biol Trace Elem Res. 2004;
97: 15-30.

Batista MN, Cuppari L, de Fatima Campos Pedrosa L, Almeida Md, de
Almeida JB, de Medeiros AC, et al. Effect of end-stage renal disease and
diabetes on zinc and copper status. Biol Trace Elem Res. 2006; 112: 1-12.

Beauchamp C, Fridovich I. Superoxide dismutase: improved assays and an
assay applicable to acrylamide gels. Anal Biochem. 1971; 44: 276-287.

Paglia DE, Valentine WN. Studies on the quantitative and qualitative
characterization of erythrocyte glutathione peroxidase. J Lab Clin Med. 1967;
70: 158-169.

Wasowicz W, Néve J, Peretz A. Optimized steps in fluorometric determination
of thiobarbituric acid-reactive substances in serum: importance of extraction
pH and influence of sample preservation and storage. Clin Chem. 1993; 39:
2522-2526.

Agarwal RP, Henkin RI. A simple method for simultaneous estimation of
zinc and copper in erythrocytes : Comparison of a new methodology with a
standard technique. Biol Trace Elem Res. 1985; 7: 199-208.

Morrison DF. Multivariate Statistical Methods; 3 edition. 1990.

Koenig JS, Fischer M, Bulant E, Tiran B, Elmadfa I, Druml W. Antioxidant
status in patients on chronic hemodialysis therapy: impact of parenteral
selenium supplementation. Wien Klin Wochenschr. 1997; 109: 13-19.

Yu BP. Cellular defenses against damage from reactive oxygen species.
Physiol Rev. 1994; 74: 139-162.

Roehrs M, Valentini J, Paniz C, Moro A, Chardo M, Bulcdo R, et al. The
relationships between exogenous and endogenous antioxidants with the lipid
profile and oxidative damage in hemodialysis patients. BMC Nephrol. 2011;
12:59.

Zachara BA, Gromadzinska J, Zbrog Z, Rafal Swiech, Wojciech Wasowicz,
Ewa Twardowska, et al. Selenium supplementation to chronic kidney disease
patients on hemodialysis does not induce the synthesis of plasma glutathione
peroxidase. Acta Biochim. Polon. 2009; 56: 183-187.

Ceballos-Picot |, Witko-Sarsat V, Merad-Boudia M, Nguyen AT, Thévenin M,
Jaudon MC, et al. Glutathione antioxidant system as a marker of oxidative
stress in chronic renal failure. Free Rad Biol Med. 1996; 21: 845-853.

Zima T, Mestek O, Nemecek K, Bartova V, Fialova J, Tesar V, et al. Trace
elements in hemodialysis and continuous ambulatory peritoneal dialysis
patients. Blood Purif. 1998; 16: 253-260.

Zachara BA, Gromadzinska J, Wasowicz W, Zbroq Z. Red blood cell and
plasma glutathione peroxidase activities and selenium concentration in
patients with chronic kidney disease: a review. Acta Biochim Pol. 2006; 53:
663-677.

Ozden M, Maral H, Akaydin D, Cetinalp P, Kalender B. Erythrocyte glutathione
peroxidase activity, plasma malondialdehyde and erythrocyte glutathione
levels in hemodialysis and CAPD patients. Clin Biochem. 2002; 35: 269-273.

Zachara BA, Salak A, Koterska D, Manitius J, Wasowicz W. Selenium and
glutathione peroxidases in blood of patients with different stages of chronic
renal failure. J Trace Elem Med Biol. 2004; 17: 291-299.

Bulucu F, Vural A, Aydin A, Sayal A. Oxidative stress status in adults with
nephrotic syndrome. Clin Nephrol. 2000; 53: 169-173.

Martin-Mateo MC, Sanchez-Portugal M, Iglesias S, de Paula A, Bustamante
J. Oxidative stress in chronic renal failure. Ren Fail. 1999; 21: 155-167.

Richard MJ, Arnaud J, Jurkovitz C, Hachache T, Meftahi H, Laporte F, et al.
Trace elements and lipid peroxidation abnormalities in patients with chronic
renal failure. Nephron. 1991; 57: 10-15.

Paul JL, Sall ND, Soni T, Poignet JL, Lindenbaum A, Man NK, et al. Lipid
peroxidation abnormalities in hemodialyzed patients. Nephron. 1993; 64:
106-109.

. Mimic-Oka J, Simic T, Djukanovic L, Stefanovski J, Ramic Z. Glutathione and

Submit your Manuseript | www.austinpublishinggroup.com

Austin Therapeutics 1(2): id1008 (2014) - Page - 06


http://www.ncbi.nlm.nih.gov/pubmed/11240347
http://www.ncbi.nlm.nih.gov/pubmed/11240347
http://www.ncbi.nlm.nih.gov/pubmed/23925127
http://www.ncbi.nlm.nih.gov/pubmed/23925127
http://www.ncbi.nlm.nih.gov/pubmed/23925127
http://www.ncbi.nlm.nih.gov/pubmed/23925127
http://www.ncbi.nlm.nih.gov/pubmed/16430879
http://www.ncbi.nlm.nih.gov/pubmed/16430879
http://www.ncbi.nlm.nih.gov/pubmed/16430879
http://www.ncbi.nlm.nih.gov/pubmed/20661660
http://www.ncbi.nlm.nih.gov/pubmed/20661660
http://www.ncbi.nlm.nih.gov/pubmed/20661660
http://www.ncbi.nlm.nih.gov/pubmed/20661660
http://www.ncbi.nlm.nih.gov/pubmed/23613231
http://www.ncbi.nlm.nih.gov/pubmed/16013514
http://www.ncbi.nlm.nih.gov/pubmed/16013514
http://www.ncbi.nlm.nih.gov/pubmed/12227729
http://www.ncbi.nlm.nih.gov/pubmed/12227729
http://www.ncbi.nlm.nih.gov/pubmed/11495858
http://www.ncbi.nlm.nih.gov/pubmed/11495858
http://www.ncbi.nlm.nih.gov/pubmed/11495858
http://www.ncbi.nlm.nih.gov/pubmed/8107958
http://www.ncbi.nlm.nih.gov/pubmed/8107958
http://www.ncbi.nlm.nih.gov/pubmed/8107958
http://www.ncbi.nlm.nih.gov/pubmed/23716634
http://www.ncbi.nlm.nih.gov/pubmed/23716634
http://www.ncbi.nlm.nih.gov/pubmed/23716634
http://www.ncbi.nlm.nih.gov/pubmed/23955482
http://www.ncbi.nlm.nih.gov/pubmed/23955482
http://www.ncbi.nlm.nih.gov/pubmed/23955482
http://www.ncbi.nlm.nih.gov/pubmed/1483033
http://www.ncbi.nlm.nih.gov/pubmed/1483033
http://www.ncbi.nlm.nih.gov/pubmed/11375445
http://www.ncbi.nlm.nih.gov/pubmed/11375445
http://www.ncbi.nlm.nih.gov/pubmed/8342363
http://www.ncbi.nlm.nih.gov/pubmed/8342363
http://www.ncbi.nlm.nih.gov/pubmed/8342363
http://www.ncbi.nlm.nih.gov/pubmed/23201771
http://www.ncbi.nlm.nih.gov/pubmed/23201771
http://www.ncbi.nlm.nih.gov/pubmed/3693360
http://www.ncbi.nlm.nih.gov/pubmed/3693360
http://www.ncbi.nlm.nih.gov/pubmed/3693360
http://www.ncbi.nlm.nih.gov/pubmed/678534
http://www.ncbi.nlm.nih.gov/pubmed/678534
http://www.ncbi.nlm.nih.gov/pubmed/678534
http://www.ncbi.nlm.nih.gov/pubmed/7886060
http://www.ncbi.nlm.nih.gov/pubmed/7886060
http://www.ncbi.nlm.nih.gov/pubmed/10051573
http://www.ncbi.nlm.nih.gov/pubmed/10051573
http://www.ncbi.nlm.nih.gov/pubmed/10051573
http://www.ncbi.nlm.nih.gov/pubmed/11263870
http://www.ncbi.nlm.nih.gov/pubmed/11263870
http://www.ncbi.nlm.nih.gov/pubmed/18159092
http://www.ncbi.nlm.nih.gov/pubmed/18159092
http://www.ncbi.nlm.nih.gov/pubmed/23609777
http://www.ncbi.nlm.nih.gov/pubmed/23609777
http://www.ncbi.nlm.nih.gov/pubmed/23609777
http://www.ncbi.nlm.nih.gov/pubmed/14742897
http://www.ncbi.nlm.nih.gov/pubmed/14742897
http://www.ncbi.nlm.nih.gov/pubmed/14742897
http://www.ncbi.nlm.nih.gov/pubmed/14742897
http://www.ncbi.nlm.nih.gov/pubmed/16943612
http://www.ncbi.nlm.nih.gov/pubmed/16943612
http://www.ncbi.nlm.nih.gov/pubmed/16943612
http://www.ncbi.nlm.nih.gov/pubmed/4943714
http://www.ncbi.nlm.nih.gov/pubmed/4943714
http://www.ncbi.nlm.nih.gov/pubmed/6066618
http://www.ncbi.nlm.nih.gov/pubmed/6066618
http://www.ncbi.nlm.nih.gov/pubmed/6066618
http://www.ncbi.nlm.nih.gov/pubmed/8252725
http://www.ncbi.nlm.nih.gov/pubmed/8252725
http://www.ncbi.nlm.nih.gov/pubmed/8252725
http://www.ncbi.nlm.nih.gov/pubmed/8252725
http://www.ncbi.nlm.nih.gov/pubmed/24259156
http://www.ncbi.nlm.nih.gov/pubmed/24259156
http://www.ncbi.nlm.nih.gov/pubmed/24259156
http://searchworks.stanford.edu/view/3057610
http://www.ncbi.nlm.nih.gov/pubmed/9037743
http://www.ncbi.nlm.nih.gov/pubmed/9037743
http://www.ncbi.nlm.nih.gov/pubmed/9037743
http://www.ncbi.nlm.nih.gov/pubmed/8295932
http://www.ncbi.nlm.nih.gov/pubmed/8295932
http://www.ncbi.nlm.nih.gov/pubmed/22029620
http://www.ncbi.nlm.nih.gov/pubmed/22029620
http://www.ncbi.nlm.nih.gov/pubmed/22029620
http://www.ncbi.nlm.nih.gov/pubmed/22029620
http://www.actabp.pl/pdf/1_2009/183.pdf
http://www.actabp.pl/pdf/1_2009/183.pdf
http://www.actabp.pl/pdf/1_2009/183.pdf
http://www.actabp.pl/pdf/1_2009/183.pdf
http://www.ncbi.nlm.nih.gov/pubmed/8902530
http://www.ncbi.nlm.nih.gov/pubmed/8902530
http://www.ncbi.nlm.nih.gov/pubmed/8902530
http://www.ncbi.nlm.nih.gov/pubmed/9917533
http://www.ncbi.nlm.nih.gov/pubmed/9917533
http://www.ncbi.nlm.nih.gov/pubmed/9917533
http://www.ncbi.nlm.nih.gov/pubmed/17160142
http://www.ncbi.nlm.nih.gov/pubmed/17160142
http://www.ncbi.nlm.nih.gov/pubmed/17160142
http://www.ncbi.nlm.nih.gov/pubmed/17160142
http://www.ncbi.nlm.nih.gov/pubmed/12135687
http://www.ncbi.nlm.nih.gov/pubmed/12135687
http://www.ncbi.nlm.nih.gov/pubmed/12135687
http://www.ncbi.nlm.nih.gov/pubmed/15139391
http://www.ncbi.nlm.nih.gov/pubmed/15139391
http://www.ncbi.nlm.nih.gov/pubmed/15139391
http://www.ncbi.nlm.nih.gov/pubmed/10749294
http://www.ncbi.nlm.nih.gov/pubmed/10749294
http://www.ncbi.nlm.nih.gov/pubmed/10088176
http://www.ncbi.nlm.nih.gov/pubmed/10088176
http://www.ncbi.nlm.nih.gov/pubmed/2046801
http://www.ncbi.nlm.nih.gov/pubmed/2046801
http://www.ncbi.nlm.nih.gov/pubmed/2046801
http://www.ncbi.nlm.nih.gov/pubmed/8502313
http://www.ncbi.nlm.nih.gov/pubmed/8502313
http://www.ncbi.nlm.nih.gov/pubmed/8502313
http://www.ncbi.nlm.nih.gov/pubmed/24192900

Zachara BA

Austin Publishing Group

50.

51.

52.

53.

54.

55.

5

(2]

5

S

5

oo

5

©

60.

6

=

62.

63.

64.

65.

6

(2]

67

its associated enzymes in peripheral blood cells in different stages of chronic
renal insufficiency. Amino Acids. 1992; 2: 215-224.

Zwolinska D, Grzeszczak W, Szczepanska M, Kilis-Pstrusinska K, Szprynger
K. Lipid peroxidation and antioxidant enzymes in children on maintenance
dialysis. Pediatr Nephrol. 2006; 21: 705-710.

Temple KA, Smith AM, Cockram DB. Selenate-supplemented nutritional
formula increases plasma selenium in hemodialysis patients. J Ren Nutr.
2000; 10: 16-23.

El-Far MA, Bakr MA, Farahat SE, Abd El-Fattah EA. Glutathione peroxidase
activity in patients with renal disorders. Clin Exp Nephrol. 2005; 9: 127-131.

Olszewska M. [The effect of hemodialysis on some parameters of the
antioxidant system in the blood of patients with chronic renal failure]. Ann
Acad Med Stetin. 2004; 50: 41-52.

Nishioka H, Kanauchi M, Dohi K. The role of extracellular glutathione
peroxidase in diabetic nephropathy. Nephron. 2001; 87: 196-197.

Bonomini M, Albertazzi A. Selenium in uremia. Artif Organs. 1995; 19: 443-
448.

. Richard MJ, Ducros V, Forét M, Arnaud J, Coudray C, Fusselier M, et al.

Reversal of selenium and zinc deficiencies in chronic hemodialysis patients
by intravenous sodium selenite and zinc gluconate supplementation. Time-
course of glutathione peroxidase repletion and lipid peroxidation decrease.
Biol Trace Elem Res. 1993; 39: 149-159.

. Zachara BA, Adamowicz A, Trafikowska U, Pilecki A, Manitius J. Decreased

plasma glutathione peroxidase activity in uraemic patients. Nephron. 2000;
84: 278-281.

.Iglesias P, Selgas R, Romero S, Diez JJ. Selenium and kidney disease. J

Nephrol. 2013; 26: 266-272.

.Lambeth JD. Nox enzymes, ROS, and chronic disease: an example of

antagonistic pleiotropy. Free Radic Biol Med. 2007; 43: 332-347.

Ottaviano FG, Handy DE, Loscalzo J. Redox regulation in the extracellular
environment. Circ J. 2008; 72: 1-16.

. Vaziri ND, Dicus M, Ho ND, Boroujerdi-Rad L, Sindhu RK. Oxidative stress

and dysregulation of superoxide dismutase and NADPH oxidase in renal
insufficiency. Kidney Int. 2003; 63: 179-185.

Atamer A, Kocyigit Y, Ecder SA, Selek S, Illhan N, Ecder T, et al. Effect
of oxidative stress on antioxidant enzyme activities, homocysteine and
lipoproteins in chronic kidney disease. J Nephrol. 2008; 21: 924-930.

Koca T, Berber A, Koca HB, Demir TA, Koken T. Effects of hemodialysis
period on levels of blood trace elements and oxidative stress. Clin Exp
Nephrol. 2010; 14: 463-468.

Mimic-Oka J, Simic T, Djukanovic L, Reljic Z, Davicevic Z. Alteration in
plasma antioxidant capacity in various degrees of chronic renal failure. Clin
Nephrol. 1999; 51: 233-241.

Noleto Magalhdes RC, Guedes Borges de Araujo C, Batista de Sousa Lima V,
Machado Moita Neto J, do Nascimento Nogueira N, do Nascimento Marreiro
D. Nutritional status of zinc and activity superoxide dismutase in chronic renal
patients undergoing hemodialysis. Nutr Hosp. 2011; 26: 1456-1461.

. Zwolinska D, Grzeszczak W, Kilis-Pstrusinska K, Szprynger K, Szczepanska

M. Lipid peroxidation and antioxidant enzymes in children with chronic renal
failure. Pediatr Nephrol. 2004; 19: 888-892.

. Mimic-Oka J, Simic T, Ekmescic V, Dragicevic P. Erythrocyte glutathione

peroxidase and superoxide dismutase activities in different stages of chronic
renal failure. Clin Nephrol. 1995; 44: 44-48.

6

©

6

©

7

o

71.

72.

73.

74.

7

al

7

[}

7

78.

79.

8

o

8

=

8

N

83.

.Mahajan SK. Zinc metabolism in uremia. Int J Artif Organs. 1988; 11: 223-

228.

. Navarro-Alarcon M, Reyes-Pérez A, Lopez-Garcia H, Palomares-Bayo M,

Olalla-Herrera M, Lopez-Martinez MC. Longitudinal study of serum zinc
and copper levels in hemodialysis patients and their relation to biochemical
markers. Biol Trace Elem Res. 2006;113:209-222.

. Tonelli M, Wiebe N, Hemmelgarn B, Klarenbach S, Field C, Manns B, et

al. Trace elements in hemodialysis patients: a systematic review and meta-
analysis. BMC Med. 2009; 7: 25.

Guo CH, Wang CL, Chen PC, Yang TC. Linkage of some trace elements,
peripheral blood lymphocytes, inflammation, and oxidative stress in patients
undergoing either hemodialysis or peritoneal dialysis. Perit Dial Int. 2011; 31:
583-591.

Ari E, Kaya Y, Demir H, Asicioglu E, Keskin S. The correlation of serum trace
elements and heavy metals with carotid artery atherosclerosis in maintenance
hemodialysis patients. Biol Trace Elem Res. 2011; 144: 351-359.

Agenet C, Brugere CC, Reynier JP. [Plasma and intra-erythrocytic
concentrations of copper and zinc in uremic patients treated by periodic
hemodialysis]. Ann Biol Clin (Paris). 1989; 47: 493-496.

Mydlik M, Derzsiova K, Racz O, Sipulova A, Boldizsar J, Lovasova E, et al.
Vitamin E as an antioxidant agent in CAPD patients. Int J Artif Organs. 2002;
25: 373-378.

.Armstrong D, Browne R. The analysis of free radicals, lipid peroxides,

antioxidant enzymes and compounds related to oxidative stress as applied to
the clinical chemistry laboratory. Adv Exp Med Biol. 1994; 366: 43-58.

. Samouilidou E, Grapsa E. Effect of dialysis on plasma total antioxidant

capacity and lipid peroxidation products in patients with end-stage renal
failure. Blood Purif. 2003; 21: 209-212.

.Ardalan MR, Tubbs RS, Shoja MM. Vitamin E and selenium co-

supplementation attenuates oxidative stress in haemodialysis patients
receiving intra-dialysis iron infusion. Nephrol Dial Transplant. 2007; 22: 973-
975.

Salehi M, Sohrabi Z, Ekramzadeh M, Fallahzadeh MK, Ayatollahi M,
Geramizadeh B, et al. Selenium supplementation improves the nutritional
status of hemodialysis patients: a randomized, double-blind, placebo-
controlled trial. Nephrol Dial Transplant. 2013; 28: 716-723.

El-Demerdash FM, Nasr HM. Antioxidant effect of selenium on lipid
peroxidation, hyperlipidemia and biochemical parameters in rats exposed to
diazinon. J Trace Elem Med Biol. 2014; 28: 89-93.

.Miranda SG, Wang YJ, Purdie NG, Osborne VR, Coomber BL, Cant JP.

Selenomethionine stimulates expression of glutathione peroxidase 1 and 3
and growth of bovine mammary epithelial cells in primary culture. J Dairy Sci.
2009; 92: 2670-2683.

. Saint-Georges MD, Bonnefont DJ, Bourely BA, Jaudon MC, Cereze P,

Chaumeil P, et al. Correction of selenium deficiency in hemodialyzed patients.
Kidney Int Suppl. 1989; 27: 274-277.

. Bellisola G, Perona G, Galassini S, Moschini G, Guidi GC. Plasma selenium

and glutathione peroxidase activities in individuals living in the Veneto region
of Italy. J Trace Elem Electrolytes Health Dis. 1993; 7: 242-244.

Zima T, Tesar V, Mestek O, Nemecek K. Trace elements in end-stage renal
disease. 2. Clinical implication of trace elements. Blood Purif. 1999; 17: 187-
198.

Austin Therapeutics - Volume 1 Issue 2 - 2014
ISSN: 2472-3673 | www.austinpublishinggroup.com
Zachara et al. © All rights are reserved

Citation: Zachara BA, Gromadzinska J, Wasowicz W, Swiech R and Zbrog Z. Selenium Supplementation
to Chronic Kidney Disease Patients on Hemodialysis has no Effect on Superoxide Dismutase Activity and
Malonyldialdehyde Concentration in Blood. Austin Therapeutics. 2014;1(2): 7.

Submit your Manuseript | www.austinpublishinggroup.com

Austin Therapeutics 1(2): id1008 (2014) - Page - 07


http://www.ncbi.nlm.nih.gov/pubmed/24192900
http://www.ncbi.nlm.nih.gov/pubmed/24192900
http://www.ncbi.nlm.nih.gov/pubmed/16518626
http://www.ncbi.nlm.nih.gov/pubmed/16518626
http://www.ncbi.nlm.nih.gov/pubmed/16518626
http://www.ncbi.nlm.nih.gov/pubmed/10671629
http://www.ncbi.nlm.nih.gov/pubmed/10671629
http://www.ncbi.nlm.nih.gov/pubmed/10671629
http://www.ncbi.nlm.nih.gov/pubmed/15980946
http://www.ncbi.nlm.nih.gov/pubmed/15980946
http://www.ncbi.nlm.nih.gov/pubmed/16871743
http://www.ncbi.nlm.nih.gov/pubmed/16871743
http://www.ncbi.nlm.nih.gov/pubmed/16871743
http://www.ncbi.nlm.nih.gov/pubmed/11244321
http://www.ncbi.nlm.nih.gov/pubmed/11244321
http://www.ncbi.nlm.nih.gov/pubmed/7625925
http://www.ncbi.nlm.nih.gov/pubmed/7625925
http://www.ncbi.nlm.nih.gov/pubmed/7509172
http://www.ncbi.nlm.nih.gov/pubmed/7509172
http://www.ncbi.nlm.nih.gov/pubmed/7509172
http://www.ncbi.nlm.nih.gov/pubmed/7509172
http://www.ncbi.nlm.nih.gov/pubmed/7509172
http://www.ncbi.nlm.nih.gov/pubmed/10720902
http://www.ncbi.nlm.nih.gov/pubmed/10720902
http://www.ncbi.nlm.nih.gov/pubmed/10720902
http://www.ncbi.nlm.nih.gov/pubmed/23023721
http://www.ncbi.nlm.nih.gov/pubmed/23023721
http://www.ncbi.nlm.nih.gov/pubmed/17602948
http://www.ncbi.nlm.nih.gov/pubmed/17602948
http://www.ncbi.nlm.nih.gov/pubmed/18159092
http://www.ncbi.nlm.nih.gov/pubmed/18159092
http://www.ncbi.nlm.nih.gov/pubmed/12472781
http://www.ncbi.nlm.nih.gov/pubmed/12472781
http://www.ncbi.nlm.nih.gov/pubmed/12472781
http://www.ncbi.nlm.nih.gov/pubmed/19034878
http://www.ncbi.nlm.nih.gov/pubmed/19034878
http://www.ncbi.nlm.nih.gov/pubmed/19034878
http://www.ncbi.nlm.nih.gov/pubmed/20589406
http://www.ncbi.nlm.nih.gov/pubmed/20589406
http://www.ncbi.nlm.nih.gov/pubmed/20589406
http://www.ncbi.nlm.nih.gov/pubmed/10230556
http://www.ncbi.nlm.nih.gov/pubmed/10230556
http://www.ncbi.nlm.nih.gov/pubmed/10230556
http://www.ncbi.nlm.nih.gov/pubmed/22411396
http://www.ncbi.nlm.nih.gov/pubmed/22411396
http://www.ncbi.nlm.nih.gov/pubmed/22411396
http://www.ncbi.nlm.nih.gov/pubmed/22411396
http://www.ncbi.nlm.nih.gov/pubmed/15179570
http://www.ncbi.nlm.nih.gov/pubmed/15179570
http://www.ncbi.nlm.nih.gov/pubmed/15179570
http://www.ncbi.nlm.nih.gov/pubmed/7554532
http://www.ncbi.nlm.nih.gov/pubmed/7554532
http://www.ncbi.nlm.nih.gov/pubmed/7554532
http://www.ncbi.nlm.nih.gov/pubmed/3045016
http://www.ncbi.nlm.nih.gov/pubmed/3045016
http://www.ncbi.nlm.nih.gov/pubmed/17194922
http://www.ncbi.nlm.nih.gov/pubmed/17194922
http://www.ncbi.nlm.nih.gov/pubmed/17194922
http://www.ncbi.nlm.nih.gov/pubmed/17194922
http://www.ncbi.nlm.nih.gov/pubmed/19454005
http://www.ncbi.nlm.nih.gov/pubmed/19454005
http://www.ncbi.nlm.nih.gov/pubmed/19454005
http://www.ncbi.nlm.nih.gov/pubmed/20592101
http://www.ncbi.nlm.nih.gov/pubmed/20592101
http://www.ncbi.nlm.nih.gov/pubmed/20592101
http://www.ncbi.nlm.nih.gov/pubmed/20592101
http://www.ncbi.nlm.nih.gov/pubmed/21647752
http://www.ncbi.nlm.nih.gov/pubmed/21647752
http://www.ncbi.nlm.nih.gov/pubmed/21647752
http://www.ncbi.nlm.nih.gov/pubmed/2690680
http://www.ncbi.nlm.nih.gov/pubmed/2690680
http://www.ncbi.nlm.nih.gov/pubmed/2690680
http://www.ncbi.nlm.nih.gov/pubmed/12074333
http://www.ncbi.nlm.nih.gov/pubmed/12074333
http://www.ncbi.nlm.nih.gov/pubmed/12074333
http://www.ncbi.nlm.nih.gov/pubmed/7771281
http://www.ncbi.nlm.nih.gov/pubmed/7771281
http://www.ncbi.nlm.nih.gov/pubmed/7771281
http://www.ncbi.nlm.nih.gov/pubmed/12784045
http://www.ncbi.nlm.nih.gov/pubmed/12784045
http://www.ncbi.nlm.nih.gov/pubmed/12784045
http://www.ncbi.nlm.nih.gov/pubmed/17085466
http://www.ncbi.nlm.nih.gov/pubmed/17085466
http://www.ncbi.nlm.nih.gov/pubmed/17085466
http://www.ncbi.nlm.nih.gov/pubmed/17085466
http://www.ncbi.nlm.nih.gov/pubmed/22764197
http://www.ncbi.nlm.nih.gov/pubmed/22764197
http://www.ncbi.nlm.nih.gov/pubmed/22764197
http://www.ncbi.nlm.nih.gov/pubmed/22764197
http://www.ncbi.nlm.nih.gov/pubmed/24188896
http://www.ncbi.nlm.nih.gov/pubmed/24188896
http://www.ncbi.nlm.nih.gov/pubmed/24188896
http://www.ncbi.nlm.nih.gov/pubmed/19448000
http://www.ncbi.nlm.nih.gov/pubmed/19448000
http://www.ncbi.nlm.nih.gov/pubmed/19448000
http://www.ncbi.nlm.nih.gov/pubmed/19448000
http://www.ncbi.nlm.nih.gov/pubmed/2636670
http://www.ncbi.nlm.nih.gov/pubmed/2636670
http://www.ncbi.nlm.nih.gov/pubmed/2636670
http://www.ncbi.nlm.nih.gov/pubmed/8019157
http://www.ncbi.nlm.nih.gov/pubmed/8019157
http://www.ncbi.nlm.nih.gov/pubmed/8019157
http://www.ncbi.nlm.nih.gov/pubmed/10494021
http://www.ncbi.nlm.nih.gov/pubmed/10494021
http://www.ncbi.nlm.nih.gov/pubmed/10494021

	Title
	Abstract
	Introduction
	Materials and Methods
	Patients and controls 
	Methods
	Statistical analysis 

	Results
	Discussion
	Acknowledgement
	References
	Figure 1
	Figure 2
	Figure 3
	Figure 4
	Figure 5

