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Abstract. Eighteen children with steroid-sensitive neph-tors induce proteinuria under experimental conditions
rotic syndrome (SSNS) were studied. The control grougl]. Reactive oxygen species (ROS), which are strong
comprised 20 healthy children. The following indirect oxidants, can also produce proteinuria by inducing inju-
parameters of reactive oxygen species activity were day to glomerular epithelial cells and subsequent altera-
termined in nephrotic patients during four stages of theions in glomerular filtration barrier components synthe-
disease (full relapse before prednisone administratiorsized by these cells, by reducing of the electronegative
disappearance of proteinuria, prednisone cessation, ucharge of the glomerular filtration barrier or by other un-
maintained remission): plasma malondialdehyde (MDA)known mechanisms [5-11]. ROS that affect barrier to
levels, copper/zinc superoxide dismutase (CuzZn SODjnacromolecular filtration can be generated in the circu-
activity and glutathione peroxidase (GPX) activity inlation [12—-15] or locally by glomerular cells [16-18].
erythrocytes, reduced glutathione (GSH) and vitamin CThe triggering mechanism leading to free radical pro-
levels in whole blood, and vitamin E level in serum. In-duction remains speculative. It may be related to infec-
creased MDA levels, reduced vitamin C levels, and ention, allergy, or some other immune stimulus. In clinical
hanced Cuzn SOD activity were found in relapse. GSHoractice both infection and exposure to allergens fre-
concentration was high during all four stages. Vitamin Equently precede relapse of the nephrotic syndrome.

level was also increased, parallel to the pattern of serum In the clinical setting direct investigation of the role
lipids. GPX activity remained low during the proteinuria of ROS in inducing proteinuria is not feasible. However,
stage and in remission. We conclude that the majority aothe natural antioxidants present in the blood may pro-
abnormal findings can be attributed to the hyperlipidewvide indirect information about the extent of free radical
mia of NS. Low GPX activity may be a factor limiting reactions in the body. The object of the present study
the antioxidant capacity in NS. The present study is inwas to examine indirect evidence of ROS activity in var-
conclusive regarding the role of free radicals in the proious stages of steroid-sensitive nephrotic syndrome
teinuria of NS. (SSNS).
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Patients.Eighteen children aged 4-13 years with SSNS were in-

vestigated during four stages of SSNS: full relapse before predni-
Introduction sone administration (l), disappearance of proteinuria (Il), predni-

sone cessation (Ill), and remission at least 4 weeks after predni-

. . P : sone withdrawal (IV). All patients were infrequent relapsers [19],
A change of glomerular filtration barrier integrity result- had normal blood pressure and serum creatinine levels, and in-

ing in proteinuria may affect the structure of the glomer-gested a diet appropriate for age without additional vitamin sup-
ular capillary wall, its function, or both [1]. Several piecesplementation. Relapse, defined as daily urinary protein excretion
of experimental evidence suggest alteration within=40 mg/h per i [20], was treated with daily prednisone (60
proteoglycans and glycosaminoglycans of the glomerumg/n® per day in 3 divided doses) until the urine was protein
lar filtration barrier concurrent with proteinuria in the freée for 3 days, with subsequent alternate-day prednisone (40

: B mg/n? per day) in a single morning dose for 4 weeks. Kidney bi-
absence of major glomerular pathology [2-4]. Many fac opsy was not performed. Clinical data of nephrotic patients are

- shown in Table 1. The control group comprised 20 healthy chil-
Correspondence tal. Fydryk, | Department of Pediatrics, ul. Unii dren of comparable age, on a normal diet without vitamin supple-
Lubelskiej 1, 71-252 Szczecin, Pol:nd mentation.
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Table 1. Clinical data of patien s Glutathione peroxidase (GPX) activity in red blood cells was
measured by the method described by Sinet et al. [22], with an in-

Patient Age No. of Proteinuria (mg/h pe®m cubation temperature of 25° C instead of 37° C. The vitamin C
no. (years) relapse  Serum albumin (g/dl) level in blood was determined by electron spin resonance (ESR)
with the use of ESR spectrometer SE/X 2544 Radiopan and reso-

I I 1] \% nance chamber RCX 660. Diphenyl-picryl-hydrazyl was em-

ployed as a standard to determine gheoefficient and the con-

1 4 1 46.0 - - - centration of unpaired electrons. Lyophilized blood has a strong
34 35 4.0 ND ESR in air, originating from the ascorbyl free radical whose pre-
2 7.5 3 1340 - - - cursor is L-ascorbic acid [23]; 1®spin/g dry blood is approxi-
23 27 3.9 ND mately equal to 76.@mol vitamin C/I of blood.
3 4 1 1720 - - - Reduced glutathione (GSH) was estimated in blood using a co-
15 36 4.7 ND lorimetric method with dithionitrobenzoic acid [24]. Serum vita-
4 4.5 7 133.0 - - - min E was measured by high-performance liquid chromatography
29 30 4.1 ND (HPLC) [25, 26] on Merck Hitachi equipment with fluorometric
5 12 12 759.0 - - - detection (excitation 292 nm, emission 324 nm). Plasma malondi-
22 30 4.3 ND aldehyde (MDA) was measured by HPLC (after reaction with
6 4 1 129.0 - - - thiobarbituric acid) and fluorometric detection (excitation 532 nm,
19 36 3.8 ND emission 553 nm) [27].
7 13 9 120.0 - - - Serum triglycerydes (TG), total cholesterol, low-density lipo-
15 20 4.2 4.6 protein (LDL)-cholesterol, and high-density lipoprotein (HDL)-
8 4 1 64.0 - - - cholesterol levels were estimated using kits produced by Boehrin-
1.2 34 4.5 ND ger Mannheim. Results and the ratio of vitamin E to lipid frac-
9 9 5 93.0 - - - tions were compared with the normal values of Polish children.
24 40 4.5 ND The results are expressed as means plus or minus standard de-
10 5 6 40.0 - - - viation and were analyzed statistically by analysis of variance and
22 23 3.4 ND Fisher test. A°<0.05 was considered statistically significant.
11 4 1 63.0 - - -
1.6 1.8 4.2 ND
12 12 1 293.0 - - -
18 38 ND  ND Results
13 11 6 1400 - - - . . . . .
28 28 4.1 4.5 The results in nephrotic patients obtained during select-
14 10 6 296.0 - - - ed stages of NS were compared with values found in
3.4 4.0 ND ND healthy children. NS patients in relapse were also com-
15 13 12 187.0 - - - pared with those in full unmaintained remission (Table
1.8 1.8 ND 3.8 2)
16 4 3 2440 - - - ’ . . .
33 34 39 ND CuZn SOD activity was enhanced during the protein-
17 4.5 4 160.0 - _ _ uria stage KB<0.05) and thereafter normalized. CuZn
1.6 3.2 3.8 ND SOD activity was normal in remission. GPX activity was
18 10 9 407.0 - - - decreased in relaps®<0.05), was normal when pro-
13 17 4.5 ND teinuria disappeared, and again decreased at termination

gf prednisone therapy and in remissiéx(.05). GPX

| Relapse, before prednisone administration; Il, disappearance aof % . - . O
proteinuria; Ill, prednisone cessation; IV, remission at least 42CUVILY was decreased both in relapse and in remission.

weeks after prednisone withdrawal; ND, not determined Serum vitamin C was low during relapse<(.05).
When treatment was terminated (stage lll) the vitamin C

_ o ~_level increased, but was still lower than in remission
Methods.Copper/zinc superoxide dismutase (CuzZn SOD) activity (stage V). The vitamin C level in remission (stage 1V)

in red blood cells was determined by the spectrophotometri ; ;
method described by Misra and Fridovich [21]. CuZu SOD presi{Nas higher than in relapsB<0.05). The GSH level was

ent in red blood cells inhibits spontaneous autooxidation of adrenconsistently and significantly elevated during all four
aline to adrenochrome (wavelength 320 nm); 50% inhibition ofStages. During remission the GSH level was still higher
adrenaline oxidation was taken as a unit of CuzZn SOD activity. ~than in controls and during relap$&<Q.05).

Table 2. Parameters of indirect reactive oxygen species activity in various stages of steroid-sensitive nephrotic zyndrome

Parameter Normal value | 1l 1] v

CuZn SOR: (U/mg Hb) 0.97+0.27 1.17+0.39* 1.16+0.37% 0.98+0.43 1.07+0.38
GPXg (nmol NADPH/mg Hb per min) 13.16+2.95 10.69+3.12* 11.87+3.46 11.90+3.40 9.78+3.80%
Vitamin Cg (umol/l) 114.3 +16.8 67.06+22.9%3 67.81+12.9% 88.4 +23.6% 96.8 +18.3
GSH; (mg/dl) 26.06+4.99 33.60+5.98*3 34.77+5.64% 33.09+7.102 30.13+5.73%
Vitamin Eg (umol/l) 23.31+£3.75 43.24+12.90%4  40.27+11.57% 29.23+18.75% 26.10+9.83
MDA p (umol/l) 0.59+0.16 2.22+1.13F4 1.79+0.56%2 1.14+0.46% 0.95+0.42%

E, Erythrocytes; B, blood; S, serum; P, plasma; CuZn SOD, copper/zinc superoxide dismutase; GPX, glutathione peroxidasegdSH, redu
glutathione; MDA, malondialdehyde; Hb, hemoglobin
*1P<0.05 vs. normal; #P<0.001 vs. normal;¥*P<0.05 group IV vs. group |;4#P<0.001 group IV vs. grouf: |
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The vitamin E level was elevated during the protein-tential of the ascorbyl radical/vitamin C compared with
uria stage B<0.001) and at termination of treatment the reduction potential of several other one-electron re-
(P<0.05). During remission the vitamin E level was de-duction potential systems makes it a very effective anti-
creased compared with during relap&x@.001). The oxidant [37]. The low level of vitamin C during relapse,
MDA concentration was significantly increased duringwith increasing levels thereafter, indicates its consump-
all four stages (stages |-1lP<0.001; stage IVP<0.05). tion in the process of antioxidant activity.

The highest level was observed during the proteinuria  GSH, besides being an independent antioxidant, is a
stage, declining throughout the period of observationkey compound for regeneration of GPX and the oxidized
The MDA concentration during remission was higherform of vitamin C in a non-enzymatic reaction [38]. Af-

than in controls ¥<0.05) and lower than during relapse ter completing its role as a reductant, GSH undergoes
(P<0.001). oxidation to GSSG, which in turn becomes reduced in

Total cholesterol, LDL-cholesterol, and TG were ele-the presence of glutathione reductase and NADPH.
vated, the highest levels being noted during relapse arsince GSH-levels were high throughout period of obser-
declining steadily throughout the subsequent stages ofation, GSH-dependent element of antioxidant defense
NS. The vitamin E/lipid ratio was elevated. Detailed lip- were sufficient in the patients examined.

id values are not shown in this paper. In contrast to manganese SOD which is an inducible
enzyme, CuzZn SOD is considered a constitutive enzyme
[39, 40]. Despite this, increased CuzZn SOD activity was
Discussion observed during NS relapse and subsidence of proteinur-
ia (P<0.05). Interpretation of this findings is difficult. In-
The term “antioxidant” is not uniformly interpreted. creased CuZn SOD activity in stage | cannot be attribut-
Some investigators restrict this term to chain-breakingd to prednisone therapy, since measurement of enzyme
inhibitors of peroxidation. We accept a broader defini-activity during relapse preceded treatment.
tion of an antioxidant, as any substance that significantly Of particular interest and requiring further investiga-
delays or prevents oxidation of the substrate [28—30ltion is the behavior of GPX, which catalyzes decomposi-
For this reason, in addition to vitamin C, vitamin E andtion of hydrogen peroxide and organic peroxides. GPX
glutathione, enzymes also active in ROS neutralizatiomactivity was decreased during the proteinuria stage
have been included in the study. (P<0.05 vs. controls), after cessation of prednisone ther-

The role of free radicals in inducing proteinuria ex-apy (P<0.05 vs. controls), and during unmaintained re-
perimentally has been well documented [5, 6, 8, 11]mission P<0.05 vs. controls). The decreased GPX activ-
However, in humans there is no direct evidence of aty observed during relapse was also seen in remission.
cause-effect relationship. Hyperlipidemia, which wasThe possible impact of prednisone on the normal GPX
observed throughout the stages of SSNS and which &ctivity observed at the time of disappearance of protein-
known to be linked to oxidative reactions and generatiomria (stage Il), which coincided with the end of high-
of radicals, appears to be the most likely cause of thdose prednisone therapy, remains unclear. GPX is a sele-
majority of findings reported in the present investigation.nium (Se)-containing enzyme, Se being localized to the

Vitamin E is an important lipid-soluble antioxidant active center of the enzyme. In this study neither blood
that acts synergistically with vitamin C, which regen- Se level nor catalytic activity of GPX in terms of exist-
erates vitamin E by reducing the tocopherol radical proing inhibitors were investigated. Se-deficient nephrotic
duced when vitamin E scavenges peroxyl radicals [31]rats had reduced activity of GPX and significantly great-
Vitamin E is transported in serum with serum lipids, ander proteinuria than animals with a normal Se supply
vitamin E levels correlate with serum lipid concentra-[41]. Moderately but repeatedly reduced GPX activity
tions [32]. As the serum lipid level increases vitamin Eduring the course of NS — if confirmed — may be a fea-
appears to partition out of the cellular membranes intdaure of SSNS and a factor limiting antioxidant capacity
circulating lipoproteins [33]. In accordance with this ob-in this disease.
servation, we found a decreased vitamin E concentration
in erythrocyte membranes during relapse of NS when se-
rum lipids were typically elevated [34]. The high ratio of References
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