
Abstract In our previous study the pattern of glutathi-
one peroxidase (GPX) activity in the course of ste-
roid–sensitive nephrotic syndrome (SSNS) in children
suggested a defect in antioxidant defense. In the present
report the serum selenium (Se) level, an essential com-
ponent of GPX activity, was measured in a comparable
group of children with SSNS at the same clinical stages
at which GPX activity was determined in the previous
study. Nephrotic children had normal serum Se levels
during the edematous stage, at the end of prednisone
treatment, and in remission. At the end of high-dose
prednisone treatment, the serum Se level increased
(P<0.01) simultaneously with enhanced activity of GPX.
These results suggest that children with SSNS have a
persistent defect in the antioxidant defense at the impor-
tant stage of hydrogen peroxide and fatty acid hydroper-
oxide decomposition. This defect is transiently alleviated
by high-dose prednisone treatment.
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Introduction

The role of reactive oxygen species (ROS) in inducing
proteinuria experimentally has been well documented [1,
2]. In humans there is no evidence of a cause-effect rela-
tionship between ROS and an increased protein excre-
tion rate. In the clinical setting, direct evidence for the

role of ROS in inducing proteinuria is not feasible. How-
ever, the natural antioxidants present in the blood may
provide indirect information about the extent of human
free radical reactions.

Our previous study of the pattern of glutathione per-
oxidase (GPX) activity in the course of steroid-sensitive
nephrotic syndrome (SSNS) in children suggested that
low GPX activity may be a factor limiting the antioxi-
dant capacity in this disease [3]. At that time we did not
determine the serum selenium (Se) level at the same time
as GPX activity. GPX activity is critically dependent up-
on Se [4]. Therefore, the aim of the present study was to
examine serum levels of Se in a comparable group of
children with SSNS at the same clinical stages at which
GPX activity was determined in the previous study.

Patients and methods

Patients

Children aged 4–14 years (mean 5.6±2.1 years) with SSNS were
investigated during four stages of SSNS: full relapse before pred-
nisone administration (I), disappearance of proteinuria (II), predni-
sone cessation (III), and remission at least 4 weeks after predni-
sone withdrawal (IV). There were 22, 22, 7, and 12 patients in the
four clinical stages of SSNS, respectively. All patients were infre-
quent relapsers, had normal blood pressure and serum creatinine
level. Relapse, defined as daily urinary protein excretion ≥40 mg/h
per m2 was treated with daily prednisone (60 mg/m2 per day) until
the urine was protein free for 3–4 days, with subsequent alternate-
day prednisone (40 mg/m2 per day) in a single morning dose for
4 weeks. In addition to prednisone, some patients at an acute stage
of SSNS were treated with blood volume expanders and furose-
mide. No other drugs were applied. Blood for investigations was
drawn before any treatment was applied. Kidney biopsy was not
performed. The control group comprised 20 healthy children
(mean age 5.9±2.4 years). The study was approved by the local
ethics committee.

Methods

The serum Se level was estimated by a fluorometric method after
reaction with 2,3–diaminonaphthalene. Fluorescence of 4,5–ben-
zodiazoselenole was measured with an LS 50 B Perkin Elmer
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spectrofluorometer (excitation 378 nm, emission 519 nm) [5]. The
coefficient of variation for 10 ng/ml was 5.93%, and for 70 ng/ml
2.02%. GPX activity in red blood cells was measured by the modi-
fied method described by Sinet et al. [3].

Statistical analysis

Results are expressed as means±standard deviation. Analysis of
variance and Fisher’s test were employed for statistical analysis. P
values <0.05 were considered statistically significant.

Results

The serum Se level and GPX activity in children with
SSNS and the control group are shown in Table 1. Serum
Se levels at clinical stages I, III, and IV did not differ from
the control group. Serum Se level at stage II was signifi-
cantly higher than in control children (P<0.01). GPX ac-
tivity was lower at stages I, III, and IV compared with the
control group (P<0.05) and was normal at stage II.

Discussion

Reduced glutathione (GSH), which acts by destroying
hydrogen peroxide and fatty acid hydroperoxides, plays
an important role in the antioxidant defense. GPX is a
seleno-enzyme that catalyzes the reaction of GSH to glu-
tathione disulfide (GSSG):

GSH is regenerated in the presence of NADPH and glu-
tathione reductase [6].

Our results show that nephrotic children with the
same serum Se levels as controls exhibit reduced GPX
activity during the edematous stage, at the end of predni-
sone treatment, and in remission. At the end of high-dose
prednisone treatment, the serum Se level increases si-
multaneously with enhanced activity of GPX. Alternate-
day prednisone treatment at a reduced dose does not in-
fluence GPX activity. The reason for this pattern is not
known. It may be speculated that mechanism(s) related
to nephrotic syndrome down-regulate GPX activity. The
defect appears to be transiently alleviated by high-dose
prednisone therapy. If confirmed, this observation sug-
gests a defect in the antioxidant defense in SSNS at an
important step of hydrogen peroxide and fatty acid hy-
droperoxide decomposition.

Treatment with glucocorticoids, depending on the
dose, has been demonstrated to alter tissue levels of GPX
in puromycin aminonucleoside (PAN) nephrosis in the
rat [7]. Several studies provided evidence that glomeru-
lar injury induced by PAN is mediated by ROS [1, 8].
PAN nephrosis closely resembles human minimal change
disease and lacks clear evidence for immunological or
inflammatory changes. Glucocorticoids exert their im-
pact on renal function in many ways, including renal he-
modynamics, tubular protein reabsorption, and changes
in the permselectivity. Interestingly, some effects of glu-
cocorticoids depend on the dose. The relationship was
documented both in experimental animals and in humans
[6, 9]. The reason for this observation remains specula-
tive and may be related to the influence of glucocortico-
ids on the breakdown of GPX enzyme protein [10, 11],
regulation of the glucocorticoid receptor [12, 13], or
some other cellular mechanisms.

Another interesting observation is the rise of serum
Se level at the end of high-dose prednisone treatment. It
is well known that an Se-deficient diet, both in humans
and experimental animals, produces a reduction in GPX
activity, and consequently decreases the antioxidant po-
tential of tissues [14]. A diminished intake of Se in the
diet of our patients seems unlikely. All of them remained
on a diet appropriate for their age throughout the whole
period of observation, the only limitation being the re-
duced salt and water intake during a period of edema.
However, the impact of prednisone on the absorption and
metabolism of Se cannot be excluded. The increase in
GPX activity may be explained by the increased cellular
GPX synthesis. Evidence was provided that Se influenc-
es the transcriptional regulation of GPX. A reduced in-
take of Se markedly impairs the expression of mRNA for
the Se-dependent GPX [15].

Hyperlipidemia can generate oxidative reactions with
consequent alterations in antioxidative defense. All our
patients with exacerbation of SSNS (stage I) had typical
patterns of serum lipids level. These alterations normal-
ized during the course of observation. During remission
after steroid withdrawal (stage IV), all patients had se-
rum levels of lipids that were normal for age (results not
shown). Since the serum Se level and GPX activity re-
mained the same during stage I and IV of SSNS, an im-
pact of lipid alterations on the Se level and enzyme ac-
tivity seems unlikely.

A role for ROS in the pathogenesis of SSNS in hu-
mans remains unproven. For this reason, speculation
about the influence of antioxidant defense on nephrotic
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Table 1 Glutathione peroxidase (GPX) activity and serum levels of selenium (Se) in children with steroid-sensitive nephrotic syndrome
compared with normal values

Normals I II III IV

GPXa (±SD) (nmol NADPH/mg hemoglobin per min) 13.16±2.95 10.69±3.12* 11.87±3.46 11.9±3.4* 9.78±3.8*
Se (±SD) (ng/ml) 52.78±15.12 47.16±16.05 68.0±20.69** 52.92±17.94 52.82±15.26

*P<0.05, **P<0.01
a Data published in Fydryk et al. [3]



proteinuria appears premature. However, our findings
support the hypothesis of a defect of the antioxidant de-
fense in SSNS. If confirmed, this defect may be an im-
portant feature of SSNS. Its genesis and role remain to
be elucidated.
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