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ABSTRACT

Introduction: The relationship between trace elements
and Oxidative Stress (OS) in Chronic Kidney Disease
(CKD) patients is still not completely elucidated. The
aim of this work is to determine the serum levels of OS
and the trace elements in CKD patients.

Methods: A total of 91 patients were enrolled and then
divided into 5 groups at the basis of CKD stages and
therapy methods. Healthy volunteers were included as
a control group. Serum levels of SOD, MDA, Zn, Cu,
Ca, Fe, and Mg were determined, and the correlations
among these data’s were analyzed; a portion of pa-
tients are under hemodialysis and peritoneal dialysis.
Meanwhile, the association between OS and trace ele-
ments will be investigated.

Results: The Malondialdehyde (MDA) level in the pa-
tients’ sera was significantly higher than the controls’
(P<0.05); however, their sera level of Superoxide Dis-
mutase (SOD) was obviously lower (P<0.05). Mean-
while, the creatinine level in CKD patients’ sera was
positively correlated with the MDA level (r=0.534,

INTRODUCTION

Chronic Kidney Disease (CKD) is characterized by progressive
loss of kidney function, and has turned into a major global health
problem. The incidence and mortality of CKD have increased
over the past few decades (Lozano R, et al., 2012). A Chinese sur-
vey in 2012 found that the overall prevalence of CKD in adults
was approximately 10.8%, placing a huge burden on health care
resources (Zhang L, et al., 2012).

Oxidative Stress (OS) refers to an imbalance between formation of
Reactive Oxygen Species (ROS) and antioxidative defense mech-
anisms. In CKD patients, Oxidative Stress is an important risk fac-
tor for the development and progression of several complications.
There is good evidence indicating that uremia in general is associ-
ated with enhanced Oxidative Stress, and treatment of uremic pa-
tients with Hemodialysis group (HD) has been suggested to par-
ticularly contribute to Oxidative Stress and reduced antioxidant
levels (Galle ], 2001; Oberg BP, et al., 2004).

Trace elements, which are measured in microgram per gram
or less, occur in minute amounts and are indispensable for our
body. In some instances, they are the key components of many
enzymatic pathways (Yavuz O, et al., 2004), thereby play import-
ant physiological and biochemical functions. Many studies con-
firmed that patients with CKD are often at risks of developing se-
vere trace elements imbalances (Locatelli E, et al., 2003; Sandstead
HH, 1980).

Dialysis, including Hemodialysis and Peritoneal Dialysis, is the
most common and significant method of treatment for End-Stage
Renal Disease (ESRD). Researches in regard to the changes of
trace elements in the blood levels have been reported in Chronic
Renal Failure (CRF) patients, especially in those treated by Hemo-
dialysis (Vanholder R, et al., 2002). The effect of trace elements
on metabolism may be exacerbated in ESRD patients on dialysis
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P<0.01), while negatively with the expression of SOD
(r=-0.427, P<0.01). A lower expression of Zn and Ca val-
ues could be seen in the cases’ sera (P<0.05). Besides
that, it showed a significant negative correlation be-
tween serum levels of MDA and Ca (r=-0.282, P<0.01),
MDA and Zn (r=-0.358, P<0.01), while a positive cor-
relation between MDA and Cu (r=0.236, P=0.022). Ad-
versely, the expression of SOD in the sera of cases was
positively related to the levels of Ca (r=0.273, P<0.01)
and Zn (r=0.277, P<0.01).

Conclusion: Abnormalities of OS and Zn, Ca existed
in CKD patients; and elevated OS may play a role in
the trace elements imbalance. Dialysis not only hemo-
dialysis but also peritoneal dialysis seems to have no
obvious effect on plasma trace elements. Correct the
disorders need to find new ways.
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because these patients are incapable of excreting excess elements
properly (Covic A and Gusbeth-Tatomir P, 2009). However, the
incidence of abnormal trace element status in different stages of
CKD patients, including CKD3, CKD4, CKD5, especially in di-
alysis patients, has not been comprehensively studied.

In this study, we investigate the plasma trace elements levels and
OS parameters in CKD patients, determining plasma levels of Zn,
Cu, Ca, Fe and Mg. We also evaluated plasma Malondialdehyde
(MDA) and Superoxide Dismutase (SOD), which are the key
markers of OS. The relation between OS and those trace elements
are investigated as well.

MATERIALS AND METHODS
Patients

All cases were recruited from the Department of Nephrology
and Blood Purification Center in the Second Affiliated Hospital
of Xi'an Jiaotong University. The primary disease for all patients
was chronic glomerulonephritis, and the inclusion criteria were
as follows: Stable blood pressure, absence of complicated infection
and heart failure within the last 3 months, not pregnant or breast
feeding, absence of severe cardiovascular and mental disorders.
The patients were not taking any immunosuppressive agents.

A total of 91 patients were enrolled and divided into 3 groups
based on the CKD stages calculated from Glomerular Filtration
Rate (GFR). Using the Modification of Diet in Renal Disease
(MDRD) equation to calculate the estimated GFR. Patients are
grouped into CKD3, CKD 4 and CKD5 which were further divid-
ed into 3 subgroups: Non-dialysis uremic group (NHD), Hemo-
dialysis group (HD) and Peritoneal Dialysis group (PD). The
patients in the HD group had undergone regular hemodialysis
treatment (4-hour treatment given 3 times a week) for more than
3 months using a dialysis solution (sugar-free, Ca** 1.5 mmol/L,
K* 2.0 mmol/L). The dialysis membrane was polysulfone with an
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area of 1.4-1.8 m?, and the blood flow was set to 220-250 mL/min, dialysate
flow 500 mL/min. The PD patients had undergone regular treatment for
more than 3 months using low-calcium Peritoneal Dialysis solution, which
were the standard Tenckhoff catheter, and the daily volume of replacement
fluid was 8000 mL. Twenty hedlthy volunteers were recruited to the cont-
rol group.

This study was approved by the Ethics committee in the Second Affiliated
Hospital of Xi'an Jiaotong University. Written informed consent was ob-
tained from all patients and healthy volunteers participating in the study.

Sample preparation

Fasting hemospasia was performed in all participants. Blood samples in
the HD group were collected prior to Hemodialysis on the day of treat-
ment. Routine blood test that included a complete blood count and routine
clinical chemistry tests were performed. 10 mL of peripheral blood was
centrifuged at 3000 rpm for 5 min, and the supernatant was collected and
stored at -80°C.

Enzyme-Linked Immunosorbent Assay (ELISA)

All serum samples were stored at -80°C and processed all at once. Serum
levels of Cu, Ca, Fe, Zn, Mg (Xian microelement inspection institute),
SOD and MDA (Westang, Shanghai, China) were determined by En-
zyme-Linked Immunosorbent Assay (ELISA) using specific detection re-
agents following the manufacturer’s instruction. Each assay was performed
in triplicates and the experiments were repeated once.

Statistical analysis
Data were analyzed using SPSS 16.0 Statistical Analysis software (SPSS

Inc., Chicago, IL, USA). Measurement data are expressed as mean + Stan-
dard Deviation (SD). Comparison of means among groups was made by
one-way Analysis of Variance (ANOVA), and comparison between two
groups was made by Fisher's Least Significant Difference (LSD) test. Spear-
mans rank-order correlation was used for bivariate correlation analysis. A
P value less than 0.05 (P<0.05) was considered statistically significant, and
P<0.01 indicated a more significant difference.

RESULTS
Patients characteristics

Clinical characteristics of CKD patients: A total of 91 patients were classi-
fied based on the following CKD stages: CKD 3 (12 males and 10 females,
mean age: 58.9 + 19.0 years), CKD 4 (10 males and 9 females, mean age:
58.3 +13.1 years), and CKD 5 which were further divided into NHD group
(8 males and 6 females, mean age: 54 + 20.1 years), HD group (9 males and
9 females, mean age: 48.3 £ 17.5 years) and PD group (9 males and 9 fe-
males, mean age: 46.6 + 15.0 years). Healthy volunteers were recruited to
the control group (12 males and 8 females, mean age: 48.9 + 11.4 years).

Routine blood and clinical chemistry tests were performed. Complete
blood count was measured. Results were analyzed for each group and
comparison was made between groups (Table 1). Significant differences
between the controls and different stage of CKD patients were observed
in parameters (Table 1). Also, there were significant differences of hemo-
globin, serum creatinine, urea nitrogen, cystatin-C, parathyroid hormone
among CKD groups (Table 2).

There were no significant differences in age and gender distributions be-
tween the controls and patients in different CKD stages (Table 3).

Table 1: Clinical characteristics of all CKD patients

Item Control(n=20) CKD3(n=22) CKD4(n=19) NHD(n=14) CKD5(n=50) PD(n=18)
HD(n=18)

Age 489+ 11.4 58.9 +£19.0 58.3+13.1 54.0 = 20.1 483+ 17.5 46.6 + 15.0
Gender (male/ 12/8 12/10 10/9 8/6 9/9 10/8
female)
WBC (1012/L) 6.17 £ 1.67 7.06 £ 3.21 5.57 £ 1.57# 5.65 £ 1.63 5.64 £ 1.28 6.07 £ 2.10
RBC (1012/L) 4.62 +0.57 3.46 + 0.82% 2.81 + 0.65*# 2.55 + 0.68** 3.30 £ 0.72*% 2.89 + 0.69**
PLT (109/L) 235+ 51.7 161 + 58.5* 167 £ 61.4* 145 + 60.7* 157 + 46.3% 164 + 94.0*
Hb (g/L) 135+ 15.5 104 + 26.0* 82.8 + 18.1* 77.5 £ 12.7* 101 + 21.3*%*& 85.3 +£20.0*
FPG (mmol/L) 5.10 £ 0.74 5.10 £ 0.98 4.75+0.52 4.86 +2.09 4.28 +0.76% 5.47 £ 2.56
Scr (umol/L) 69.6 + 11.6 267.2 £ 112.3* 556.6 + 80.3*" 983.4 + 3727 897.3 + 242. 2% 851.6 + 218*"
BUN (mmol/L) 4.30+0.93 14.5+7.01* 20.0 + 5.94** 25.8 + 9.50*"* 26.1 + 7.64* 20.7 + 8.12*
Cystre-C (mg/L) 0.77 £ 0.16 3.42 + 1.90* 5.31 £ 1.86* 5.84 + 1.94** 8.22 + 4.10*#*¢S 6.06 + 1.09**
UA (umol/L) 276.0 £ 89.4 400.7 + 136.4* 370.7 £ 108.1* 412.2 + 158.4* 400.2 + 83.8* 4342 +119.8*
PTH (pg/mL) 38.0 £ 14.8 129.3 £ 131.7* 203.8 + 87.1* 274.7 £ 129.2** 397.3 + 349.5%%* 319.5 + 136.9%**
ALT (IUI/L) 25.8 £10.8 18.3+15.3 179+ 12.8 20.7 £ 9.6 12.8 £ 6.1 134+7.1
AST (IUI/L) 19.4+3.8 23.7+17.8 19.8 £ 8.9 235+7.2 14.1£5.1 15.8 +6.2
TP (g/L) 71.6 £3.26 64.4 +9.68* 66.9 £ 9.0 62.1 +7.82* 65.3 + 4.64* 54,5 + 5,17+
ALB(g/L) 453 +2.73 38.4 + 6.43* 38.9 + 6.69* 37.7 +5.93* 39.5 + 4.39* 29.9 + 4,764
Ca (mmol/L) 2.01 £1.09 2.03+0.34 1.95+0.29 1.87 £ 0.22 1.92 £0.29 1.67 +0.23%#%
K (mmol/L) 4.32 £ 0.44 4.55+0.79 4.55+0.96 5.07 + 0.65* 5.28 +0.76*" 3.90 + 1.16™%
CRP (mg/L) 6.8 + 0.66 12.6 £ 0.78* 15.7 + 0.58* 18.2 + 0.46** 19.4 £ 0.57** 15.7 £ 0.61*
TC (mmol/L) 445+ 0.97 450+ 1.13 440+ 1.34 3.94 £0.48 3.72 £ 0.67* 4.14 £ 0.95
TG (mmol/L) 1.85 + 1.39 1.99 + 1.24 1.34 + 0.94 1.28 + 0.31° 1.13 £ 0.44* 1.12 £ 0.59*
Abbreviation: Values are expressed as mean + SD (Standard Deviation). RF: Renal Failure; NHD: Not Hemodialysis; HD: Hemodialysis; PD: Perito-
neal Dialysis; Scr: Serum creatinine; BUN: Urea Nitrogen; WBC: Leukocyte; RBC: Erythrocyte; PLT: Blood; Hb: Hemoglobin; TP: Total Protein; UA:
Uric Acid; ALB: Albumin; TC: Total Cholesterol; TG: Triglyceride; PTH: Parathyroid Hormone; FPG: Fasting Plasma Glucose; ALT: Glutamic-pyru-
vic transaminase; AST: Glutamic oxalacetic transaminase; CRP: C-Reaction Protein; CKD: Chronic Kidney Disease. *p<0.05 vs. control; “p<0.05 vs.
CKD3; *p<0.05 vs. CKD4; ¥p<0.05 vs. NHD; *p<0.05 vs. HD; *p<0.05 vs. PD. All the differences were calculated by the Least Significant Difference
(LSD) test.
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Table 2: Serum concentrations of OS markers in CKD patients and normal control subjects

Item Control (n=20) CKD3 (n=22) CKD4 (n=19) CKD5(n=50)

NHD(n=14) HD (n=18) PD (n=18)
SOD 473.62 + 231.08 315.79 £ 153.18 248.32 + 173.96* 168.12 + 98.89** 237.39 £ 117.17* 204.53 + 124.47*
MDA 201.15 + 52.43 349.26 + 66.17* 426.28 + 179.28* 488.73 + 158.34** 434.49 + 109.12** 411.86 + 113.5*

Note: *p<0.05 vs. control; *p<0.05 vs. CKD3; *p<0.05 vs. CKD4; & p<0.05 vs. NHD; §p<0.05 vs. HD; *p<0.05 vs. PD. All the differences were calculated
by the LSD test. SOD: Superoxide Dismutase; MDA: Malondialdehyde; PD: Peritoneal Dialysis; HD: Hemodialysis; NHD: Not Hemodialysis; CKD:
Chronic Kidney Disease. LSD: Least Significant Difference; OS: Oxidative Stress.

Table 3: Micro-trace elements in Chronic Renal Failure (CRF) patients and normal control subjects (ug/ml)

Item Control (n=20) CKD3 (n=22) CKD4 (n=19) CKD5(n=50)

NHD(n=14) HD (n=18) PD (n=18)
Zn 0.925 +0.135 0.746 + 0.290* 0.781 + 0.252 0.815 +0.247 0.655 + 0.278* 0.607 + 0.259*
Fe 1.280 £ 0.602 1.383 £ 0.490 1.377 £ 0.546 1.334 £ 0.662 1.345 £ 0.430 1.423 +£0.482
Ca 81.06 £ 4.504 74.97 £ 13.30 73.51 +7.470* 68.66 + 11.02* 72.15 + 9.54* 65.27 + 8.420*#%
Mg 19.48 + 2.403 22.50 +£4.037 21.73 £4.717 21.27 £ 4.666 22.82 +4.589* 21.91 £4.25
Cu 1.222 +0.368 1.336 + 0.487 1.475 £ 0.411 1.398 + 0.361 1.280 + 0.454 1.300 £ 0.416

Note: *p<0.05 vs. control; *p<0.05 vs. CKD3; *p<0.05 vs. CKD4; p<0.05 vs. NHD; °p<0.05 vs. HD; *p<0.05 vs. PD. All the differences were calculated by the

LSD test. PD: Peritoneal Dialysis; HD: Hemodialysis; NHD: Not Hemodialysis; CKD: Chronic Kidney Disease; LSD: Least Significant Difference.

Expression profiles of serum cytokines: We evaluated the correlation
serum levels of the OS markers with creatinine levels. Serum levels of SOD
(Figure 1A) and MDA (Figure 1B) were respectively significantly lower and
higher in CKD patients than in controls (P<0.05), and positively correlated
with advancing CKD stage (P<0.05). Serum levels of SOD were altered by
dialysis treatment compared with no-dialysis patients. In contrast, serum
levels of MDA were not altered by dialysis treatment.

Moreover, serum creatinine levels in serum CKD patients correlated
positively with serum MDA levels (r=0.534, P<0.01), and negatively with
serum SOD levels (r=-0.427, P<0.01) (Figures 2A and 2B), reflecting an
association between the extent of OS and the severity of renal damage.

Micro trace elements: Serum levels of Zn (Figure 3A), Fe (Figure 3B), Ca
(Figure 4A), Cu (Figure 4B) and Mg were analyzed by ELISA. The serum
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levels of Zn and Ca were significantly lower in CKD patients than controls
(P<0.05). Serum levels of Zn were altered by dialysis treatment compared
with no-dialysis. In contrast, serum levels of Ca were not altered by di-
alysis treatment. There were no significant differences in Fe, Cu, and Mg
between CKD patients and controls.

Correlation between SOD, MDA with Micro trace elements: There was a
significant and positive correlation between serum levels of SOD and Zn
(Figure 5A) (r=0.277, P<0.01), Ca (Figure 5B) r=0.273, P<0.01. Adverse-
ly, there was a significant and negative correlation between MDA and Ca
(Figure 6A) r=-0.282, P<0.01, Zn (Figure 6B) (r=-0.358, P<0.01), as well as
a positive correlation between MDA and serum Cu, which did not quite
reach statistical significance (Figure 7) (r=0.236, P=0.022). Other trace ele-
ments have no obvious correlation with SOD and MDA.

R

Figure 1: Serum concentrations of Oxidative Stress (OS) markers in Chronic Kidney Disease (CKD) patients and normal control subjects. (A) The
concentration of Superoxide Dismutase (SOD) (B) The concentration of serum Malondialdehyde (MDA)
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Figure 2: The correlation between serum creatinine level and the MDA (A) and SOD (B) concentrations was analysed by Spearman’s rank correla-
tion and regression test. The P value and r value are indicated in the graphs
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Figure 3: Serum concentrations of micro trace elements in CKD patients and normal control subjects (A) The concentration of Zn (B) The con-
centration of Fe
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Figure 4: Serum concentrations of micro trace elements in CKD patients and normal control subjects (A) The concentration of Ca (B) The con-
centration of Cu
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Figure 5: Correlations between OS markers with trace elements in CKD patients. Correlations were analysed by Spearman’s rank correlation and

regression tests (A) Relationship between the concentrations of SOD with Zn (B) Relationship between the concentrations of SOD with Ca. The p
value and r value were indicated in the graphs
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Figure 6: Correlations between OS markers with trace elements in CKD patients. Correlations were analyzed by Spearman’s rank correlation and

regression tests (A) Relationship between the concentrations of MDA with Ca (B) Relationship between the concentrations of MDA with Zn. The
p value and r value were indicated in the graphs
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Figure 7: Correlations between OS markers with trace elements in CKD patients. Correlations were analyzed by Spearman’s rank correlation and
regression tests. Relationship between the concentrations of MDA with Cu. The p value and r value were indicated in the graphs

DISCUSSION

With recent advances studies of pathophysiology, inflammation and dys-
regulated immune responses have emerged as important factors contribut-
ing to the gradual loss of renal function in CKD patients (Tonelli M, et al.,
2009). Moreover, the risk of heart diseases and cancers increases markedly
in CKD patients (Ng AH, et al., 2004; Miyamoto T, et al., 2011). Also, the
CKD patients are at the risk of developing severe trace elements imbalances
(Foley RN, 2008; Collins AJ, et al., 2015). Trace elements are indispensable
and often combined with proteins, coenzyme, hormones and vitamins. In
ESRD patients, many different factors affect the serum concentrations of
trace elements, such as increased oral intake, failure of renal excretion, loss
of appetite and metabolic alterations and so on. During dialysis processes
some trace elements can accumulate because of dialysis fluid impurities,
and others may move from blood to the dialysate, leading to deficiency
(Esfahani ST, et al., 2006).

In our study, plasma Fe, Cu and Mg trace element levels of CKD patients,
were compared with control group and compared with each other. We
found that plasma Fe have no statistically differences between patients and
the control group. This may be attributed to the fact that we often sup-
plement iron in CKD patients because most of them have anemia, espe-
cially in CKD5. Again there were no difference in plasma Cu and Mg, we
analyze that the control and patients had the similar regional changes and
dietary habits which soil and water contamination. Adversely, serum Zn
and Ca values were significantly lower in our CKD patients than the con-
trols, and the tendency became more obvious as the disease progressed,
especially in CKD5 patients. Zn is an essential component of various pro-
teins and biomembrane (Ranaldi G, ef al., 2002). Recent studies suggest
that, both of the increased urinary zinc excretion and decreased intestinal
zinc absorption may be the primary cause of hypozincemia in patients.
Also dietary restrictions and anorexia lead to an insufficient micronutrient
intake. Shrimpton R, et al., 2005 argue zinc deficiency is a leading cause
of diseases in developing countries and is associated with immune defi-
ciencies by impaired cell proliferation, abnormal T-cell function, and cyto-
kine expression, all of which might contribute to the high risk of infection
observed in uraemia patients. Meanwhile we found Zn amounts in HD
and PD lower than other CKD patients. We think it is because of these pa-
tients are more seriously and renal replacement therapies consume more
zinc. Ca is one of the most abundant mineral elements in human body,
and the normal function of tissues and organs regulating various systems
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of human body depends on its existence. The person can become sensi-
tive, emotional instability and attention deficit if they lack of Ca. In CKD
patients the kidney damage leading to the body of phosphorus excretion
disorder, on the other hand the diet excessive intake of phosphorus, so it
combined with Ca induced deposition, it caused the loss of calcium and
insufficient production of 1.25-(OH) 2VitD3 which reduce calcium ab-
sorption. We found that the decrease in blood calcium is more significant
in PD patients which were more likely to use low calcium dialysis fluid.
These consequences consistent with several other investigators (Esfahani
ST, et al., 2016). Miura Y, et al., 1999 compared serum Mg and Cu levels
between HD patients and control groups and found no statistically sig-
nificant differences. The results of Miura study also found Zn is lower in
HD patients. But Krachler M, et al., 2000 found elemental composition
changes in plasma and observed a decrease in Mg levels over a 6-month
period in uremia (Wirnsberger GH, 2000). Regulating trace element levels
is essential to prevent some complications in HD patients. Differing results
have been reported with respect to plasma levels of trace elements in HD
patients. Tonelli M, et al. found low plasma Zn and high plasma Cu lev-
els in HD patients compared with controls (D'haese PC and de Broe ME,
1996). The distribution of trace elements can be affected by insufficient
dietary intake, anorexia, degrees of gastrointestinal absorption, and drug
treatment, it lead to some clinical abnormalities in uremic patients (Bhat-
nagar S and Natchu UC, 2004). The uremic state, medication, the dialysis
process, dietary intake, and the quality of water used for dialysis may con-
tribute to such clinical abnormalities of trace elements (Tzanno-Martins
C, et al., 1996). Although recent improvements of technology in the dialy-
sis can prevent some serious complications by changes in trace elements,
problems still remained (Sanaka T and Koremoto M, 2011). In our study,
although dialysis treatment improved the survival of CKD patients, it had
a limited effect on trace elements. Dialysis augments reduced renal func-
tion by removing metabolic waste products and maintaining the electro-
lyte balance and acid-base equilibrium. However, due to the possible risks
present in HD, such as blood loss during treatment, dietary restrictions,
anorexia, aluminum intoxication (Gokal R, et al., 1999) and dialyzer bio-
compatibility (Vaziri ND, et al., 1998), there is no effect in trace elements
balance compared with no-dialysis patients. Although PD has advantages
over HD in these respects (Himmelfarb J, et al., 2002), problems such as
increased protein loss, excessive glucose intake and triglyceride abnormal-
ities make it ineffective in restoring immune balance. Further investigation
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is required to identify new therapeutic agents or strategies to improve the
patient’s microenvironment.

OS refers to an imbalance in the body oxidation and antioxidation, results
in neutrophils inflammatory infiltrates, proteases secretion to increase,
and produces a large number of oxide intermediate. Several studies have
confirmed that the occurrence of complications in CKD such as accom-
pany hypertension (Vaziri ND, et al., 1998), disease of heart and nervous
system lesions, OS is one of the important risk factors affecting prognosis
of CKD (Deng G, et al., 2001). SOD and MDA can be used to evaluate
the body's resistance to oxidation and peroxidation level. In our study the
serum levels of MDA were significantly higher and SOD significantly low-
er in CKD patients than in controls. Meanwhile we found that serum lev-
els of MDA and SOD were be closely related with serum creatinine levels.
The results reiterate that the severity of CKD correlates with the degree of
OS. However, as the renal function deteriorates, OS response might impair
renal function and the extent of renal damage could conceivably increase
during progression of CKD. So we think that the OS reaction which caused
by metabolic disorder and apoptosis may be involved in the development
process of renal fibrosis. But serum levels of SOD were altered by dialysis
treatment compared with no-dialysis, so we think replacement can im-
prove the imbalance in the body oxidation and antioxidation system of
CKD patients.

We also compared trace element levels and oxidant-antioxidant param-
eters and found that in patient groups, there was a significant positive
correlation between serum levels of SOD with Zn (Figure 5A) (r=0.277,
P<0.01), Ca (Figure 5B) (r=0.273, P<0.01). Adversely, there was a signifi-
cant negative correlation between serum levels of MDA with Ca (Figure
6A) (r=-0.282, P<0.01), Zn (Figure 6B) (r=-0.358, P<0.01) as well as a posi-
tive correlation between MDA and serum Cu, but the relationship did not
quite reach statistical significance. According to the above description, OS
is one of the important risk factors affecting prognosis of CKD, so we have
reasons to regard that Zn and Cu are closely influenced by OS. Cu is a
transition element and a cause of radical ROS formation through Fenton
reaction. These ROS radicals cause lipid peroxidation, an end product of
MDA. Consistent with our study, Riikgauer M, et al., 2001 analyzed trace
elements and MDA concentrations in healthy persons and compared Cu
levels and MDA concentrations, and found no correlations between them.
Other trace elements (Mg and Fe) have no obvious correlation with SOD
and MDA.

CONCLUSION

According to our results, elevate OS may play a role in the trace elements
imbalance in CKD. Dialysis itself seems to have no obvious effect on plas-
ma trace elements concentrations compared with No-dialysis CKD5 pa-
tients. Therefore, decreasing sources of Oxidative Stress and at the same
time increasing oxidative capacity can be beneficial to these patients. These
findings show that whereas prolonged replacement treatment leads to im-
proved Oxidative Stress damage, trace element concentrations are not af-
fected. Since both deficiency and excess of trace elements are potentially
harmful yet amenable to therapy, the hypothesis that trace element status
influences the risk of adverse clinical outcomes is worthy of investigation.
And it is critical if micronutrient interventions are to be not only effective,
but also targeted to those with the greatest need.
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