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Katarzyna Kiliś-Pstrusińska · Krystyna Szprynger ·
Maria Szczepańska
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Abstract Increased lipid peroxidation (LP) has been ob-
served in dialysis patients and in predialysis adults with
advanced chronic renal failure (CRF). The aim of this
study was to investigate whether predialysis CRF children
have increased LP in plasma and red blood cells (RBC)
and to evaluate the activity of the antioxidant enzymes
[superoxide dismutase (SOD), catalase (CAT), and glu-
tathione peroxidase (GSH-Px)] in RBC. Concentrations of
selenium (Se), copper (Cu), and zinc (Zn)—cofactors of
these enzymes—were determined both in erythrocytes
and in plasma. LP was monitored by plasma and eryth-
rocyte malonyldialdehyde (MDA) and by plasma organic
hydroperoxide (OHP) concentrations. Forty-six predialy-
sis children, aged 5–18 years, divided into two groups
according to their serum creatinine levels [group I (n=14,
mean serum creatinine 421.61€141.08 mmol/l), group II
(n=32, mean serum creatinine 174.94€45.50 mmol/l)] and
27 age-matched healthy subjects were enrolled in the
study. Significantly higher concentrations of plasma and
erythrocyte MDA and plasma OHP, significantly lower
activities of GSH-Px and CAT, and significantly lower
concentrations of erythrocyte Se, Cu, and Zn and plasma
Se and Cu were found in both groups of renal patients
compared with controls. The SOD activity was reduced in
both groups of CRF children. In group I the activity of

SOD and GSH-Px was significantly lower than in group
II. In summary, there is increased LP in plasma and RBC
in children with predialysis CRF, even those patients with
moderate renal insufficiency. The activity of the enzy-
matic antioxidant defense system is reduced in the RBC
of predialysis patients. The antioxidant capacity is related
to the severity of renal failure.
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Introduction

Despite ongoing investigation of the pathogenesis of
chronic renal failure (CRF), much remains unexplained.
To date, the mechanism by which certain disturbances and
their clinical symptoms arise is not understood. Several
studies have indicated the role of reactive oxygen species
(ROS) in the development of symptoms associated with
CRF, such as atherosclerosis and related heart vessel com-
plications, amyloidosis, and anemia [1, 2]. Studies of dis-
orders of oxidative metabolism in CRF began in 1975 [3].
Yawata and Jacob [3] demonstrated that in red blood cells
(RBC) from patients on hemodialysis (HD) the activity of
the pentose phosphate shunt is diminished. NADPH pro-
duction is also reduced. This results in a decrease in re-
duced glutathione, which acts as a free radical scavenger,
reducing superoxide anions [4].

Numerous studies have since demonstrated a sig-
nificantly increased concentration of malonyldialde-
hyde (MDA), an intermediate product of the oxidation of
polyunsaturated fatty acids, in plasma, RBC, platelets,
and peripheral blood mononuclear cells of patients
on HD and continuous ambulatory peritoneal dialysis
(CAPD) [5, 6, 7]. There are few data of augmented lipid
peroxidation (LP) in adult patients with CRF on con-
servative therapy [8, 9, 10, 11]. The status of the anti-
oxidant system in patients on chronic dialysis and in
predialysis CRF adults is controversial [12, 13].
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There are few reports of the antioxidant system in
children with CRF [14, 15, 16], particularly those treated
conservatively. To the best of our knowledge there is only
one report, published in German, of serum MDA levels in
predialysis children with various degrees of renal func-
tional impairment [17]. There are no data on the influence
of the stage of CRF on LP and antioxidant enzyme ac-
tivities in RBC.

Following these observations, we attempted to verify
whether predialysis CRF children have increased LP in
plasma and RBC and to evaluate the activity of antioxi-
dant enzymes [superoxide dismutase (SOD), catalase
(CAT), and glutathione peroxidase (GSH-Px)] in RBC.
Concentrations of selenium (Se), copper (Cu), and zinc
(Zn)—cofactors of these enzymes—were determined both
in erythrocytes and in plasma. LP was monitored not only
by plasma and erythrocyte MDA, but also by plasma
organic hydroperoxide (OHP) concentrations.

Patients and methods

Forty-six children with predialysis CRF participated in the study.
The patients were divided into two groups, according to their
plasma creatinine levels [group I-14 children, plasma creatinine
�265.3 mmol/l (3.0 mg/dl) (advanced CRF), group II-32 patients,
plasma creatinine <265.3 mmol/l (moderate CRF)]. The control
group consisted of 27 healthy age-matched children. None of the
patients and controls received drugs with potential oxidant prop-
erties. Patients with current infections, vasculitides, hepatic or
respiratory disease were not included. The clinical and demo-
graphic details of the study subjects are given in Table 1. The
causes of CRF in group I were chronic pyelonephritis (n=5), reflux
nephropathy (n=2), kidney hypoplasia (n=2), polycystic kidney
disease (n=2), posterior urethral valve (n=1), chronic glomerulo-
nephritis (n=1), and congenital nephrotic syndrome (n=1). The
causes in group II were: reflux nephropathy (n=8), chronic pyelo-
nephritis (n=7), chronic glomerulonephritis (n=4), posterior ure-
thral valve (n=4), renal hypoplasia (n=2), polycystic kidney disease
(n=2), tubulopathy (n=1), outcome of acute renal failure (n=2), and
unknown (n=2). Informed consent was obtained from the parents of
all children.

Blood samples obtained after overnight fasting from the healthy
subjects and CRF children were taken from the antecubital vein
into heparinized tubes. RBC were separated from plasma by cen-
trifugation, washed twice with buffered normal saline, and hemo-
lyzed. Erythrocyte and plasma MDA concentrations were assayed
using thiobarbituric acid according to Chkawa et al. [18]. The re-
sults were expressed in nanomoles per milliliter. The plasma OHP
concentration was measured by ferrous oxidation xylenol orange
assay in conjunction with triphenylphosphine according to Nour-
ooz-Zadeh et al. [19] and expressed in micromoles per liter. GSH-

Px activity was assayed according to Paglia and Valentine [20].
This method is based on following the decrease in absorbance of
NADPH at 340 nm. GSH-Px oxidizes reduced GSH to oxidized
GSH, which is then reduced by GSH reductase. In the last reaction,
while NADPH is oxidized to NADP+, the absorbance of NADPH at
340 nm begins to decrease steadily. The GSH-Px activity was ex-
pressed in units per gram of hemoglobin (Hb). CAT activity was
measured according to the method described by Aebi [21] based on
the decomposition of H2O2. The decrease in absorbance at 240 nm
was measured at 20�C. The results were expressed in units per gram
of Hb. SOD activity was assayed according to Misra and Fridovich
[22], based on the ability of SOD to inhibit autoxidation of epi-
nephrine at alkaline pH (pH 10.2), and expressed in units per
milligram of Hb. Plasma and erythrocyte trace elements (Zn, Cu,
Se) were determined using atomic absorption spectrophotometry. A
Perkin Elmer 603 apparatus equipped with an HGA 500 graphite
furnace (for plasma Se determination) and standard furnace (for
determination of other parameters) was used. Data were expressed
in micromoles per liter. Serum urea and creatinine were deter-
mined with standard techniques using an autoanalyzer (Technicon
R.A.1000).

Statistical analysis

The data were expressed as mean€standard deviation (SD). The
non-parametric Mann-Whitney and Wilcoxon tests were used to
compare differences between the study groups, because of abnor-
mal distribution of variables examined. P <0.05 was considered
significant. Spearman’s rank correlation coefficient was used to
analyze the correlations between various parameters.

Results

The erythrocyte MDA concentrations (E-MDA) in CRF
children from both groups were significantly higher than
in healthy subjects. The mean value of E-MDA in the
group with moderate CRF was lower than in the group
with a higher creatinine level, but the difference was not
significant (Table 2). Similar to E-MDA, plasma MDA
and plasma OHP levels were significantly elevated in
both groups of CRF children compared with controls.
There was a significant difference in plasma OHP con-
centrations in group I (1.40€0.17 mmol/l) and group II
(1.09€0.13 mmol/l) (P<0.01).

The activity of the antioxidant enzymes GSH-Px and
CAT was significantly lower in erythrocytes of CRF
children than in controls, irrespective of the plasma cre-
atinine level (Table 3). Erythrocyte SOD activity was
lower in both groups of CRF children than in controls, but
only the difference between group I and controls was

Table 1 Clinical characteristics
of subjects (BUN blood urea
nitrogen, CRF chronic renal
failure)a

Group I Group II Control group

Advanced CRF Moderate CRF

n=14 n=32 n=27

Age (years) 12€3.4 12€4.5 12.8€3.2
Sex (F/M) 7/7 14/18 9/18
Serum creatinine (mmol/l) 421.61€141.08*, *** 174.94€45.50* 67.18€11.36
Serum BUN (mmol/l) 27.03€9.88**, *** 17.32€7.06** 9.67€1.59

* P<0.001 vs. control group, **P<0.01 vs. control group, ***P<0.001 group I vs. group II
a Data are expressed as mean€SD
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statistically significant. The lowest values of analyzed en-
zymes were observed in group I. The differences between
the groups of CRF patients were statistically significant,
with the exception of erythrocyte CAT activity.

The concentrations of erythrocyte Se, Cu, and Zn and
plasma Se and Cu were significantly lower in children
with CRF than in the control group (Table 4). The values
of analyzed trace elements were similar in both CRF
groups, irrespective of serum creatinine levels.

The E-MDA concentrations significantly correlated
with plasma OHP concentration, serum creatinine, eryth-
rocyte GSH-Px, CAT, and SOD activity (Table 5). Sig-
nificant inverse correlations were found between plasma

MDA activity and erythrocyte GSH-Px, CAT, and SOD
activities and between plasma OHP concentration and
erythrocyte GSH-Px, CAT, and SOD activity. In addition,
there was a positive correlation between OHP and serum
creatinine.

There were positive correlations between erythrocyte
and plasma Se concentrations and GSH-Px activity, be-
tween erythrocyte and plasma Zn concentrations and
erythrocyte SOD activity, and between erythrocyte and
plasma Cu concentrations and erythrocyte SOD activity.

Table 2 Erythrocyte (E) and
plasma (P) malonyldialdehyde
(MDA) and plasma organic hy-
droperoxide (OHP) concentra-
tions in study subjectsa

Group I Group II Control group

Advanced CRF Moderate CRF

n=14 n=32 n=27

E-MDA (nmol/ml) 8.4€1.91 7.14€1.13 5.86€0.55
P<0.02* P<0.02*

P-MDA (nmol/ml) 3.41€1.26 3.58€1.26 2.29€0.28
P<0.04* P<0.01*

OHP (mmol/l) 1.40€0.17 1.09€0.13 0.65€0.11
P<0.01*, P<0.01** P<0.002*

*P value with respect to control group, **P value with respect to group II
aData are expressed as mean€SD

Table 3 Erythrocyte superox-
ide dismutase (SOD), glutathi-
one peroxidase (GSH-Px), and
catalase (CAT) activities in
study subjects (Hb hemoglo-
bin)a

Group I Group II Control group

Advanced CRF Moderate CRF

n=14 n=32 n=27

SOD (U/mgHb) 1.35€0.22 1.56€0.18 1.75€0.12
P<0.001*, P<0.002**

GSH-Px (U/gHb) 51.17€13.77 60.14€13.05 83.18€8.27
P<0.001*, P<0.04** P<0.005*

CAT (U/gHb) 0.41€0.04 0.44€0.04 0.49€0.03
P<0.001* P<0.03*

*P value with respect to control group, **P value with respect to group II
a Data are expressed as mean € SD

Table 4 Erythrocyte and plas-
ma zinc (Zn), copper (Cu), and
selenium (Se) concentrations in
study subjectsa

Group I Group II Control group

Advanced CRF Moderate CRF

n=14 n=32 n=27

E-Zn (mmol/l) 135.78€11.73 140.62€7.06 150.77€3.82
P<0.02* P<0.008*

P-Zn (mmol/l) 13.24€1.54 13.85€0.85 14.58€0.52
E-Cu (mmol/l) 18.44€1.95 18.44€1.05 21.70€1.22

P<0.01* P<0.001*
P-Cu (mmol/l) 19.19€2.20 20.04€1.37 23.45€0.85

P<0.01* P<0.002*
E-Se (mmol/l) 0.11€0.02 0.12€0.01 0.14€0.01

P<0.02* P<0.01*
P-Se (mmol/l) 0.87€0.12 0.93€0.08 1.07€0.06

P<0.01* P<0.006*

*P value with respect to control group
a Data are expressed as mean€SD
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Discussion

Augmented LP in RBC membranes of predialysis patients
was first reported by Taccone-Gallucci et al. [11]. In-
creased levels of erythrocyte MDA were found in adults
with serum creatinine levels higher than 5 mg/dl, whereas
the MDA content of RBC remained unchanged in patients
with serum creatinine levels below 5 mg/dl. This is in
agreement with the data reported subsequently by dif-
ferent authors regarding erythrocyte MDA in adults with
advanced CRF [23] and patients with moderate renal in-
sufficiency [24].

We found increased concentrations of RBC MDA
compared with controls, not only in children with higher
creatinine levels but also in children with plasma creati-
nine levels lower than 265.3 mmol/l (3 mg/dl). This sug-
gests that in children, in contrast to adults, peroxidative
damage of RBC membranes takes place much earlier, at
the stage of moderate renal failure. A positive correlation
between RBC MDA and plasma creatinine level indicates
that susceptibility of the erythrocyte membrane to LP in
children continuously increases with the progression of
renal insufficiency. Young developing tissues are proba-
bly more sensitive to factors that cause the imbalance
between antioxidants and pro-oxidants.

Similar to RBC MDA, our findings revealed increased
plasma MDA and OHP concentrations in both groups of
CRF children. Such elevated plasma MDA levels have
been previously reported in CRF children by Otting and
Hellmann [17], even in children with serum creatinine
levels below 180 mmol/l. Our results are in accordance
with observations of Mimic-Oka et al. [13] in adults with
various degrees of renal failure, but in contrast to others,
who observed increased plasma MDA only in advanced
CRF [24]. Augmented LP in CRF patients can be ex-
plained by factors other than increased ROS generation.
Positive correlations between concentrations of erythro-
cyte MDA, serum OHP, and plasma creatinine indicated
that the process of activation of free radicals is highly
influenced by renal insufficiency per se. However, other
factors, such as decreased effectiveness of the intracel-
lular and plasma protection system should also be taken
into account [25, 26].

In this study activities of erythrocyte enzymes that
scavenge superoxide radicals (SOD) and hydrogen per-
oxide (GSH-Px, CAT) were measured in predialysis chil-

dren with different stage of CRF and in healthy age-
matched subjects. These antioxidant enzymes are mainly
involved in intracellular antioxidant defense. Several pu-
blications describing enzymes participating in free radical
metabolism have yielded equivocal results. Significantly
increased activity of erythrocyte SOD, CAT, and GSH-Px
and plasma SOD and CAT was observed in HD, CAPD,
and predialysis CRF adults [9, 10, 12, 13, 27, 28]. The
authors explained this by adaptative mechanisms to oxi-
dative stress. In contrast, some authors demonstrated re-
duction of antioxidant enzymes in plasma and RBC of
CRF patients [29, 30, 31, 32, 33, 34, 35]. Our results
confirm the latter observations. The activity of erythro-
cyte GSH-Px and erythrocyte CAT was significantly re-
duced even in children with moderate renal failure com-
pared with controls. Erythrocyte SOD activity was also
reduced in this group, but the difference was not signifi-
cant. Decreased enzyme activity occurring during the
early stage of CRF may be the result of several factors.
These include consumption during free radical produc-
tion, exposure to toxic trace elements and uremic toxins,
and deficiency of some essential trace elements that act in
the active centers of these enzymes together with other
unknown factors. Van Den Branden et al. [36] showed
that CAT gene expression decreases during development
of renal failure in rats and is accompanied by decreased
CAT activity. Human plasma GSH-Px is predominantly
expressed in the kidney, and proximal tubular cells are the
main source of its activity [37]. It can be speculated that
low GSH-Px activity in CRF patients is a consequence of
its impaired synthesis in damaged renal cells. SOD is a
Cu- and Zn-dependent enzyme and its activity is related
to plasma Zn and Cu levels [10]. The activity of GSH-Px
in blood and tissues is related to the Se concentration [38].
Therefore, trace element deficiency, which occurs in CRF
patients, results in decreased activity of these enzymes
[10, 26, 38]. In our study the erythrocyte Se, Zn, and Cu
content, and plasma Cu and Se was significantly lower in
predialysis children than the control group.

In summary, increased LP in plasma and RBC occurs
in children with predialysis CRF, even in the moderate
stage of renal insufficiency. The activity of the enzymatic
antioxidant defense system is reduced in RBC of pre-
dialysis patients. The antioxidant capacity is related to the
severity of renal failure.
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