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Abstract
Aims—To test the hypothesis that oxygen
free radicals are mediators of excessive
protein permeability in steroid responsive
nephrotic syndrome.
Design—Case control study.
Subjects—Patients: 20 children with ster-
oid responsive nephrotic syndrome; con-
trols: 20 children admitted for elective
surgery.
Setting—The paediatric and biochemistry
departments of the Maulana Azad Medi-
cal College, New Delhi, India.
Methods—Blood samples were taken
twice from children with nephrotic syn-
drome (on admission and on urinary
remission) and once from controls. Bio-
chemical assays were carried out on these
blood samples to quantify the indirect
markers of free radical injury in the body,
namely: vitamin E, reduced glutathione
(GSH), glucose-6-phosphate dehydroge-
nase (G6PD), malonyldialdehyde (MDA),
and membrane cholesterol in erythro-
cytes.
Results—There was some evidence sup-
portive of oxidative injury in the children
with nephrotic syndrome in the form of
greatly reduced concentrations of antioxi-
dants vitamin E (155.4 µg/100 ml in con-
trols, 86.4 µg/100 ml in patients) and
G6PD (364 mU/ml in controls, 205.1 mU/
ml in patients). However, concentrations
of the oxidation byproduct MDA were
raised only in the remission phase of the
disease (0.984 nmol/ml in controls,
1.158 nmol/ml in cases), whereas those of
GSH were unaltered.
Conclusions—Changes in the concentra-
tions of MDA, G6PD, and vitamin E are
consistent with increased amounts of oxi-
dation in steroid responsive nephrotic
syndrome. Further research is needed to
explain whether these changes are a cause
or consequence of the disease.
(Arch Dis Child 2000;82:76–78)
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Minimal change nephrotic syndrome, which
accounts for approximately 80% of childhood
nephrotic syndrome, generally responds well to
treatment with corticosteroids.1 The exact
pathogenesis of excessive protein permeability
remains unclear, but altered immunological
and genetic mechanisms have all been
proposed.2–7 An important advance in under-

standing the pathogenesis of this disease was
the observation that oxygen free radicals are
possible mediators of injury in aminonucleo-
side nephrosis in rats.8 The similarity of this
animal model to human minimal change neph-
rotic syndrome gave birth to the idea that free
radical mediated injury could play a role in the
pathogenesis of this disorder. The extremely
short half life of free radicals means that they
cannot be measured directly and that oxidative
activity must be measured indirectly by the
levels of antioxidant substances in the body.
Peroxidation of the lipid membranes raises the
concentrations of their byproduct malonyldial-
dehyde (MDA) and the consequent lowering of
antioxidants as a result of consumption.9 10 The
study of Gusmano and colleagues11 12 lent sup-
port to the hypothesis of free radical mediated
injury by documenting high concentrations of
MDA and reduced concentrations of the anti-
oxidant glutathione (GSH) in the red blood
cells of children with nephrotic syndrome. In
Gusmano’s study, however, half the patients
were steroid unresponsive and there was no
information about the status of other antioxi-
dants. The concentrations of MDA in the ster-
oid responsive patient subgroup were also
unaltered. These factors and the absence of
subsequent work confirming their results
prompted us to undertake this study.

Subjects and methods
The patients were children admitted with the
clinical diagnosis of nephrotic syndrome satis-
fying the ISKDC (international study of kidney
disease in children) criteria.1 A total of 24 con-
secutive patients were enrolled over a period of
one year. Those who did not respond (n = 1) to
a standard regimen of corticosteroids,1 or who
were lost to follow up (n = 1), were excluded,
as were children with acute infection or medi-
cation in the week before admission (n = 2).
Children admitted for elective general surgery
to the same hospital served as controls. All the
cases were treated with prednisolone. Blood
samples were taken once from controls and
twice from patients, once on admission and
again at urinary remission. Repeat samples
were carried out within one week of remission.
Vitamin E (á-tocopherol), GSH, glucose-6-
phosphate dehydrogenase (G6PD), MDA, and
membrane cholesterol concentrations in the
red blood cells were measured.

Venous blood (5 ml) was collected in clean
dried EDTA bottles and stored immediately at
4°C. All measurements were made within six
hours of sample collection. A red blood cell
suspension, obtained after centrifugation, was
washed three times with five volumes of
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isotonic saline and then reconstituted to a final
haematocrit of 50%. The suspended red blood
cells were used to assess the various parameters
by standard biochemical methods as follows:
(1) vitamin E was estimated by extraction to an
organic solvent13; (2) GSH was estimated by
assaying the sulfhydryl content of
erythrocytes14; (3) G6PD was estimated by
measuring the rise in extinction of
NADPHH+15; (4) membrane cholesterol was
estimated by extracting the cholesterol to a
choloroform/isopropanol mixture16; and MDA
was estimated by its thiobarbituric reactivity.17

Baseline investigations were carried out in all
the patients including blood counts, urea, cre-
atinine, cholesterol, C3, 24 hour urinary
protein, serum protein, and infection screen
including blood and urinary cultures.

STATISTICS

Data from 20 patients and an equal number of
controls were analysed. The controls were only
frequency matched for age and sex. Student’s t
tests (paired and unpaired) were used to test
for significant diVerences between the means
(at 5% level).

Results
The mean age of children with nephrotic
syndrome was 6.7 years (range, 2–12 years)
and the mean age of controls was 7.1 years
(range, 2–12 years). The boy to girl ratio was
4:1 for patients and 3:1 for controls. Seven
patients were admitted in their first attack, the
remainder were relapsers. Microscopic haema-
turia was present in two cases and hypertension
was present in one. None of the patients was
azotaemic. The patients were slightly more
anaemic (mean haemoglobin, 102 g/l; range,
75–112) compared with the controls (mean
haemoglobin, 131 g/l; range, 125–160). The

mean duration of second sampling after the
first sampling was 33.5 days (range, 14–82).

Table 1 provides a summary of the results of
various parameters and table 2 summarises the
diVerences between the means. Vitamin E
(controls, 155.4 µg/100 ml; patients, 86.4 µg/
100 ml; p < 0.001) and G6PD (controls,
364 mU/ml; patients, 205.1 mU/ml;
p < 0.001) were both significantly lower in
patients with nephrotic syndrome when com-
pared with the controls. This diVerence
between the controls and patients persisted
(although it was reduced) even when the
disease went into remission. MDA concentra-
tions were significantly higher in patients com-
pared with controls only in the remission phase
of the disease (controls, 0.98 nmol/ml; pa-
tients, 1.16 nmol/ml; p = 0.035). Reduced
glutathione concentrations were no diVerent
between the patients and controls. Cholesterol
values were significantly higher in the patients
compared with controls, but fell slightly during
remission.

Discussion
Our findings, by virtue of a combination of
lowered G6PD and vitamin E concentrations
along with raised MDA values, are consistent
with increased oxidation in steroid responsive
nephrotic syndrome.

G6PD and vitamin E are two of the key anti-
oxidants in the body and their concentrations
fall, as expected, in the acute phase of
nephrotic syndrome, as a result of increased
neutralisation in neutralising excessive oxidant
stress. When the oxidant stress of the acute
phase is over, there is less utilisation of the
antioxidants, and hence the concentrations of
vitamin E rise during remission. In the case of
G6PD, however, they remain fairly low. It is
possible that this could be the result of slow
regeneration of the enzyme, the time of the
second sampling being too short after induc-
tion of remission to observe a significant
change. It is possible to have such low G6PD
values without noticeable haemolytic disorder.
However, one recent study (Mathew J et al,
personal communication, 1997) has shown
increased osmotic fragility in children with
nephrotic syndrome.

Similar to the findings of Gusmano et al,11 12

our study failed to demonstrate significantly
raised MDA values in the acute phase of steroid
responsive nephrotic syndrome. The slightly

Table 1 Summary of the concentrations of various compounds in the red blood cells of
patients and controls

Patients

Controls Acute phase Remission phase

MDA (nmol/ml) 0.98 (0.04) 1.20 (0.09) 1.16 (0.07)
GSH (mg/100 ml) 53.5 (1.67) 49.25 (2.09) 52.7 (2.72)
Vitamin E (µg/100 ml) 155.4 (10.67) 86.4 (4.49) 108.85 (8.25)
Cholesterol (mg/100 ml) 43.5 (1.61) 52.4 (1.95) 50.5 (1.91)
G6PD (mU/ml) 363.95 (13.98) 205.05 (13.82) 230.9 (14.2)

Values are mean (SE).
G6PD, glucose-6-phosphate dehydrogenase; GSH, reduced glutathione; MDA, malonyldialde-
hyde.

Table 2 DiVerences between the mean concentrations (95% confidence intervals) of various compounds in the red blood
cells of patients and controls

Controls minus patients

Acute minus remission phase (cases)Acute phase Remission phase

MDA (nmol/ml) −0.14 (−0.33 to 0.05)
p = 0.15

−0.18 (−0.34 to −0.02)
p = 0.035

−0.04 (−0.26 to +0.18)
p = 0.73

GSH (mg/100 ml) 4.25 (−1.0 to 9.5)
p = 0.12

0.8 (−5.45 to 7.05)
p = 0.79

−3.45 (−10.23 to +3.33)
p = 0.32

Vitamin E (µg/100 ml) 69 (46.32 to 91.68)
p < 0.001

46.55 (20.13 to 72.97)
p = 0.002

−22.45 (−4.05 to –40.85)
p = 0.02

Cholesterol (mg/100 ml) −8.9 (−3.94 to −13.86)
p = 0.002

−7.0 (−2.09 to −11.91)
p = 0.008

+1.9 (−3.46 to +7.26)
p = 0.50

G6PD (mU/ml) 58.45 (119.93 to 196.97)
p < 0.001

133.05 (94 to 172.1)
p < 0.001

−25.85 (−64.69 to +12.99)
p = 0.20

G6PD, glucose-6-phosphate dehydrogenase; GSH, reduced glutathione; MDA, malonyldialdehyde.
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raised MDA concentrations reached borderline
significance only in the remission phase. We are
unclear about the reason for such a lag period or
the presence of such a weak response. It could be
because of lack of power in our study (small
sample size) or bias resulting from selection of
hospital controls. It is possible that the much
higher concentrations of membrane cholesterol
found in the acute phase, by virtue of its protec-
tive eVect, could account for the small rise in
MDA. Falling concentrations of red blood cell
membrane cholesterol during the remission
phase could enable enhanced peroxidation to
occur thereafter.

Gusmano and colleagues11 12 found signifi-
cantly lower red blood cell GSH concentra-
tions (in both steroid responsive and non-
responsive subgroups independently), which
we could not confirm in our study. Although
GSH concentrations were lower in patients
than controls, this did not reach significance. A
total of 10 patients in the Gusmano study had
steroid responsive disease and such a small
patient number could have resulted in an
anomalous finding. However, it is possible that
even twice the number of patients in our study
might have been insuYcient to demonstrate a
diVerence in concentrations of GSH between
the patients and controls. Another possible
explanation is a diVerence in the free radical
load in the two sets of patients, leading to a dif-
ferential utilisation of the various antioxidants.

Despite significantly lower concentrations of
G6PD and vitamin E, a lack of convincing
alterations in the concentrations of MDA and
GSH means that only limited support can be
given to the concept of oxidative injury as a
possible mechanism of proteinuria in children
suVering from steroid sensitive nephrotic
syndrome. It is also diYcult to conclude
whether such changes are part of the mech-
anism that causes proteinuria in steroid
responsive nephrotic syndrome or are a conse-

quence of the disease. Further studies, using
larger numbers of patients, are needed to
understand the relevance of these findings.

We are grateful to all the children who participated in the study
and their parents for their support.
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