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Abstract Experimental data indicate that excessive pro-
duction of reactive oxygen molecules contributes to pro-
gressive renal injury and that treatment with antioxidants
attenuates this damage. Therefore, we investigated
whether vitamin E supplementation could ameliorate re-
nal disease and reduce proteinuria in children with a va-
riety of kidney disorders. Vitamin E, 200 IU twice daily,
was administered orally to 11 children with focal seg-
mental glomerulosclerosis (FSGS) (group A) and 9 pa-
tients with miscellaneous kidney diseases (group B)
[Henoch-Schonlein purpura nephritis (n=3), urinary tract
anomalies (n=2), non-specific immune complex glomer-
ulonephritis (n=2), IgA nephropathy (n=1), and reflux
nephropathy (n=1)]. The duration of vitamin E treat-
ment, when no other therapy was introduced, was
2.9+0.4 months. Proteinuria was determined by measur-
ing the protein:creatinine ratio (mg/mg) in an early
morning urine specimen. In children with FSGS, admin-
istration of vitamin E lowered the protein:creatinine ratio
in 10 of 11 patients from 9.7+5.1 to 4.1+1.1 (P<0.005).
In contrast, among children with miscellaneous renal dis-
eases, vitamin E had no beneficial impact on urinary pro-
tein excretion-protein:creatinine ratio 2.5+1.0 pre versus
2.4+1.2 post antioxidant. Vitamin E supplementation had
no effect on glomerular filtration rate, serum albumin, or
cholesterol concentration in either group of patients.
These findings suggest that reactive oxygen molecules
may play a more-prominent role in causing renal injury
in patients with FSGS than in other kidney disorders.
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Antioxidant therapy may be a useful adjunct in the treat-
ment of children with FSGS and proteinuria that is re-
fractory to standard medical management.
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Introduction

Vitamin E was discovered by Evans and Bishop in 1922
and was isolated from wheat germ oil in 1936 [1]. Vita-
min E is a naturally occurring lipid-soluble, chain-break-
ing antioxidant [2]. The most-important dietary sources
of vitamin E are vegetable oils such as soybean, cotton-
seed, safflower, sunflower, and wheat germ oils [3]. The
daily requirement for vitamin E in children is age-depen-
dent and ranges from 2 to 7 1U (3—10 mg) daily [3].
There isincreasing evidence that vitamin E has a ben-
eficial effect on free radical-mediated diseases, including
progressive renal injury [4, 5]. In animal models of 1gA
nephropathy and focal segmental glomerulosclerosis
(FSGS), in which excessive production of oxygen free
radicals is implicated in the pathogenesis of disease, die-
tary supplementation with vitamin E protects against re-
nal dysfunction and structural damage to the kidney [6, 7].
Therefore, based on these experimental findings, we
conducted a prospective open-label, non-placebo-con-
trolled trial to test the hypothesis that the oral adminis-
tration of vitamin E will reduce proteinuria in patients
with renal disease that is refractory to standard medical

therapy.

Patients and methods

Patients

The study included two patient groups. Group A was comprised of
11 subjects with biopsy-proven FSGS. Group B contained 9 pa-
tients with miscellaneous rena diseases. The diagnosis in these
patients was: Henoch-Schonlein purpura (HSP) nephritis, n=3;
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non-specific immune complex nephropathy, n=2; urinary tract
anomalies, n=2; IgA nephropathy, n=1; and reflux nephropathy,
n=1.

Vitamin E treatment

Patients were given vitamin E, 200 IU twice daily, by mouth. Vita-
min E was purchased by the patient without a prescription, and no
standard formulation was administered. Informed consent was ob-
tained in each case prior to commencing vitamin E treatment.

Clinical definitions

The duration of vitamin E treatment was defined as the period of
time, in months, during which no other therapy was introduced
and the estimated glomrular filtration rate (GFR) remained within
25% of baseline. In particular, no immunosuppressive medications
or angiotensin converting enzyme inhibitors (ACEI) were started
during this period.

Analytical methods

Proteinuria was determined by measuring the protein:creatinine
ratio (mg/mg) in an early morning urine specimen. The normal
value is less than 0.2. This measurement was performed at the
start and at the end of the vitamin E treatment period. The estimat-
ed GFR (ml/min per 1.73 m?) was calculated using the appropriate
length-serum creatinine formula [8, 9].

Statistical methods
Data are provided as mean (SEM). Differences between the two

groups were analyzed with the Mann-Whitney test and were con-
sidered significant if the P value was <0.05.

Table 1 Clinical features of the patients with focal segmental glo-
merulosclerosis (group A) and those with other renal diseases
(group B) (W white, B black, H Hispanic, ACEI angiotensin con-

verting enzyme inhibitor)

Group A Group B
(n=11) (n=9)
Age (years) 12.9+1.2 13.2+1.8
Sex (M:F) 6:5 7:2
Ethnicity (W:B:H) 6:4:1 7:0:2
Duration of disease prior 2.0+0.8 1.4+0.5
to vitamin E (years)
Duration vitamin E (months) 2.4+0.5 3.6£0.7
Prior treatment
Prednisone 8 4
Cyclophosphamide 4 0
Cyclosporine 4 0
Antihypertensives (ACEI) 11 (8) 7(7)

Table 2 Laboratory results of the two groups of patients before
and after vitamin E treatment (GFR glomerular filtration rate)

Group A Group B
(n=11) (n=9)
GFR (ml/min per 1.73 m2)
Pre 115+17 95+17
Post 104+14 102+21
Serum cholesterol (mg/dl)
Pre 273+41 228+53
Post 251+45 188+9
Serum albumin (g/dl)
Pre 3.3+0.3 3.5+0.2
Post 3.1+0.3 3.6£0.2

Results

The clinical features of the two patient groups are sum-
marized in Table 1. The age, sex distribution of the pa-
tients, duration of disease (in years) prior to initiation of
vitamin E treatment, and duration of antioxidant therapy
(in months) were comparable in groups A and B. Inter-
estingly, 4 African-American children were included in
group A but nonein group B.

More patients with FSGS than with miscellaneous re-
nal diseases had been treated with immunosuppressive
medications prior to starting vitamin E therapy. Among
the children in group A, corticosteroid therapy was uni-
formly ineffective in 8 patients treated with this medica-
tion, and the other immunosuppressive agents did not in-
duce a sustained reduction in proteinuria. In group B,
treatment with oral corticosteroids was associated with a
decrease in urinary protein excretion in the 3 patients
with HSP nephritis, but there was no beneficial effect in
1child with non-specific immune complex nephropathy.
A similar number of children in the two groups had re-
ceived antihypertensive drugs, including ACEI.

The period of vitamin E treatment was limited in
most cases because alternative immunosuppressive med-
ications or ACEI were subsequently introduced in an at-
tempt to further reduce urinary protein excretion. In

group A, 5 patients were taking other drugs (3 were tak-
ing more than one medication) during the vitamin E
treatment period. Two children received furosemide,
2 were taking lovastatin, and 1 patient each was given
prednisone, methylphenidate, nifedipine, and calcium
carbonate. Among patients with miscellaneous renal dis-
eases (group B), 1 patient was taking prednisone and an-
other was receiving calcitriol. The corticosteroid dosage
was unchanged in both patients receiving this drug con-
comitantly with vitamin E. There is no evidence that vi-
tamin E exerts a beneficial impact on the therapeutic ef-
ficacy of the various medications that were prescribed
during the vitamin E treatment period.

None of the patients reported any side effects related
to the administration of vitamin E. Antioxidant therapy
had no significant effect on the serum albumin and cho-
lesterol concentrations in patients from either group
(Table 2). The estimated GFR remained within 25% of
the baseline value during the period of vitamin E thera-
py in patients with FSGS and in those with miscella-
neous renal diseases (Table 2). There was no correla-
tion between the alteration in GFR and the change in
urinary protein excretion observed in patient group A
or B.
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Fig. 1 Urinary protein excretion [protein:creatinine ratio (mg/mg)
in an early morning specimen] in the patients with focal segmental
glomerulosclerosis (group A, n=11). The lines connect the values

prior to and at the completion of vitamin E treatment. The mean
values are indicated by the triangles

However, vitamin E supplementation had a markedly
different effect on urinary protein excretion in the two
patient groups. In the children with FSGS (group A), 10
of 11 patients showed a decrease in proteinuria (Fig. 1).
The wurinary protein:creatinine ratio declined from
9.7+5.1 at the start of vitamin E supplementation to
4.1+1.1 at the completion of the vitamin E treatment pe-
riod, a 58% reduction (P<0.005). This change was till
significant if the patient with the highest urinary protein
excretion was excluded from the analysis. There was a
significant relationship between the initial amount of
proteinuria and the degree of reduction in urinary protein
excretion that was achieved following vitamin E treat-
ment (P<0.01). However, the magnitude of the reduction
in proteinuria was not related to the percentage of scle-
rotic glomeruli or the degree of tubulointerstitial changes
in the renal biopsy specimens obtained from the patients
with FSGS.

In contrast, in the patients with miscellaneous renal
diseases (group B), while proteinuria was decreased in
6 of the 9 subjects, the overall effect was much less
marked than in group A. Thus, the urine protein:creati-
nine ratio was virtually unchanged: 2.5+1.0 pre vitamin
E versus 2.4+1.2 post vitamin E treatment (P>0.7). If pa-
tients in group B were further divided into two sub-
groups — those with anatomical abnormalities (n=3) and
those with glomerular disease (n=6) — there was still no
change in proteinuria in response to vitamin E treatment.
Thus, in the children with primary urological disease, the
urine protein:creatinine ratio was 2.4+0.9 pre vitamin E
versus 2.1+0.7 post vitamin E treatment, while in chil-
dren with glomerulopathies, the urine protein:creatinine
ratio was 2.6+1.6 before starting vitamin E and 2.6+1.8
at the completion of the vitamin E treatment period.
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Discussion

There is much evidence that reactive oxygen molecules
contribute to organ injury in many systems, including the
heart, liver, and central nervous system [10-13]. Oxygen
free radicals have also been implicated in ischemia
reperfusion renal failure and acute toxin-induced neph-
ropathy [14-16]. Finally, initiation and progression of
chronic glomerular and tubulointerstitial disease have
been related to oxidant damage, and antioxidant treat-
ment protects against progressive deterioration in kidney
disease [17-21]. In an experimental model of 1gA neph-
ropathy, administration of vitamin E prevented hema-
turia, lowered proteinuria, stabilized renal blood flow,
and reduced lipid peroxidation of the renal parenchyma
[6]. In arat model of FSGS induced by serial injections
of puromycin aminonucleoside, protective effects of die-
tary vitamin E supplementation included decreased uri-
nary protein and albumin excretion, reduced hypoalbu-
minemia and hyperlipidemia, stabilization of the GFR,
improved tubular function, diminished glomerulosclero-
sis and tubular interstitial fibrosis, and reduced renal and
glomerular hypertrophy. These actions were associated
with diminished oxidant damage to the renal parenchy-
ma[7].

This preliminary report suggests that there is a benefi-
cial effect of antioxidant therapy in the clinical manage-
ment of pediatric patients with FSGS who have persis-
tent proteinuria that is refractory to standard medical
therapy. Proteinuria is a hallmark of glomerular disease
and reduction in urinary protein excretion is often used
as a surrogate marker for diminished glomerular barrier
dysfunction [22]. The degree of reduction in urinary pro-
tein excretion that can be achieved with vitamin E thera-
py may not be of sufficient magnitude to favorably im-
pact on edema and other complications of the nephrotic
syndrome. Nonetheless, if proteinuria per se is injurious
to the renal parenchyma [23-25], then any decrease in
proteinuria may be associated with a parallel reduction
in the rate of progression of glomerular disease [26]. The
estimated GFR did not change appreciably during the vi-
tamin E treatment period. There may have been subtle
changes in GFR that were not detected using the serum
creatinine-body length formulae. However, this makes it
even less likely that the reduction in proteinuria was due
to a significant decline in kidney function. Whether the
vitamin E-induced decrease in proteinuria in children
with FSGSis linked with long-term preservation of renal
function must be determined in studies with a prolonged
follow-up period which incorporate more-sensitive
methods for measuring GFR.

Based on the disparate effect of vitamin E treatment
in children with FSGS versus those with miscellaneous
renal diseases, it would appear that oxygen-free radicals
may contribute more prominently to progressive renal
injury in FSGS than in the other kidney disorders stud-
ied. The observed benefit of vitamin E treatment within
1 month is consistent with a direct effect on immunoef-
fector cells that may mediate the increased glomerular



652

permeability to protein [27]. Alternatively, the antioxi-
dant may act in a non-specific manner, e.g., reduction in
transforming growth factor-f3 bioactivity and extracellu-
lar matrix protein gene expression, to diminish interstiti-
a inflammation and fibrosis [28].

Additional studies are required to clarify the mecha-
nism of action of vitamin E in reducing urinary protein
excretion in children with renal disease. We acknowl-
edge several shortcomings in our study. The protocol
was open label and not a placebo-controlled trial. The di-
etary intake of our patients was not assessed, standard-
ized, or controlled. While group A was a homogeneous
sample of patients with FSGS, group B was heterogene-
ous and was comprised of several diseases. Thus, we
cannot say with certainty that vitamin E is ineffective in
diseases other than FSGS. Serum vitamin E levels were
not measured to confirm compliance with the therapeutic
regimen, and there was no direct confirmation that vita-
min E exerts an anti-oxidant effect in our patient popula-
tion. Finally, no attempt was made to systematically cor-
relate the clinical response to vitamin E treatment and
disease activity.

In summary, in this open-label study, we have demon-
strated that short-term oral administration of vitamin E
to children with FSGS leads to a nearly 60% reduction in
the urinary protein:creatinine ratio. This effect is not ob-
served in pediatric patients with other renal diseases.
Further evaluation of the efficacy of antioxidant treat-
ment is warranted, because it is a safe, well-tolerated di-
etary supplement that may be a useful adjunct in the
clinical management of children with FSGS. In order to
confirm the findings in this report, the Society for Pedi-
atric Research is supporting a multi-center, double-blind,
placebo-controlled trial of vitamin E as an antioxidant in
the treatment of FSGS.

Acknowledgements This work was presented in part at the annu-
a meeting of the Society for Pediatric Research, New Orleans,
Louisiana, USA, 3 May 1998.

References

1. Rudman D (1985) Pathophysiologic principles of nutrition. In:
Smith LH Jr, Thier SO (eds) Pathophysiology: the biological
principles of disease, 2nd edn. Saunders, Philadelphia, pp
477478

2. Burton KW, Ingold KU (1989) Vitamin E as an in vitro and in
vivo antioxidant. Ann N Y Acad Sci 570:7-21

3. Riedel BD, Greene HL (1991) Vitamins. In: Hay WW Jr (ed)
Neonatal nutrition and metabolism. Mosby-Year Book, Phila-
delphia, pp 162-164

4. Frei B (1994) Reactive oxygen species and antioxidant vita-
mins. mechanisms of action. Am J Med 97 (Suppl 3A):55-
13s

5. BaligaR, Ueda N, Walker PD, Shah SV (1997) Oxidant mech-
anisms in toxic acute rena failure. Am J Kidney Dis
29:465-477

6. Trachtman H, Chan JCM, Chan W, Valderrama E, Brandt R,
Wakely P, Futterweit S, Maesaka J, Ma C (1996) Vitamin E
ameliorates renal injury in an experimental model of immuno-
globulin A nephropathy. Pediatr Res 40:620-626

10.

11.

12.

13.

14.

15.

16.

17.

18.

10.

20.

21.

22.
23.
24.

25.

26.

27.

28.

. Trachtman H, Schwob N, Maesaka J, Vaderrama E (1995)

Dietary vitamin E supplementation ameliorates renal injury in
chronic puromycin aminonucleoside nephropathy. J Am Soc
Nephrol 5:1811-1819

. Schwartz GJ, Haycock G, Edelmann CM Jr, Spitzer A (1976)

A simple estimate of glomerular filtration rate in children de-
rived from body length and plasma creatinine. Pediatrics
58:259-263

. Schwartz GJ, Gauthier BG (1985) A simple estimate of glom-

erular filtration rate in adolescent boys. J Pediatr 106:522-526
Janero DR (1991) Therapeutic potential of vitamin E against
myocardial ischemic reperfusion injury. Free Radic Biol Med
10:315-324

Marubayashi S, Dohi K, Ochi K, Kawasaki T (1985) Role of
free radicals in ischemic rat liver cell injury: prevention of
damage by apha-tocopherol administration. Surgery 99:184—
191

Sokol RJ, McKim JM Jr, Devereaux MW (1996) a-Tocophe-
rol ameliorates oxidant injury in isolated copper-overloaded
rat hepatocytes. Pediatr Res 39:259-263

lwasa K, lkata T, Fukuzawa K (1989) Protective effect of vita-
min E on spina cord injury by compression and concurrent
lipid peroxidation. Free Radic Biol Med 6:599-606

Paller MS, Hoidal JR, Ferris TF (1984) Oxygen free radicals
in ischemic acute renal failure in the rat. J Clin Invest
74:1156-1164

Bird JE, Milhoan K, Wilson CB, Young SG, Mundy CA, Part-
hasarathy S, Blantz RC (1988) Ischemic acute renal failure
and antioxidant therapy in the rat: the relation between glom-
erular and tubular dysfunction. J Clin Invest 81:1630-1638
Walker PD, Shah SV (1988) Evidence suggesting a role for
hydroxyl radical in gentamicin-induced acute renal failure. J
Clin Invest 81:334-341

Shah SV (1995) The role of oxygen metabolites in glomerular
disease. Annu Rev Physiol 57:245-262

Trachtman H, Del Pizzo R, Futterweit S, Levine D, Rao PS,
Valderrama E, et a (1992) Taurine attenuates renal disease in
chronic puromycin aminonucleoside nephropathy. Am J
Physiol 262:F117-F123

Magil A (1996) Inhibition of progression of chronic puromy-
cin aminonucleoside nephrosis by probucol, an antioxidant. J
Am Soc Nephrol 7:2340-2347

Lee HS, Jeong JY, Kim BC, Kim YS, Zhang YZ, Chung HK
(1997) Dietary antioxidant inhibits lipoprotein oxidation and
renal injury in experimental focal segmental glomerulosclero-
sis. Kidney Int 51:1151-1159

Nath KA, Salahudeen AK (1990) Induction of rena growth
and injury in the intact rat kidney by dietary deficiency of anti-
oxidants. J Clin Invest 86:1179-1192

Remuzzi G, Ruggenenti B, Benigni A (1997) Understanding
the nature of renal disease progression. Kidney Int 51:2-15
Eddy AA (1989) Interstitial nephritis induced by heterologous
protein-overload proteinuria. Am J Pathol 135:719-733
Hirschberg R (1996) Bioactivity of glomerular ultrafiltrate
during heavy proteinuria may contribute to renal tubulo-inter-
stitial lesions. J Clin Invest 98:116-124

Burton C, Harris KPG (1996) The role of proteinuria in the
progression of chronic renal faillure. Am J Kidney Dis
27:765-775

Perna A, Remuzzi G (1996) Abnormal permeability to pro-
teins and glomerular lesions. a meta-analysis of experimental
and human studies. Am JKidney Dis 27:34-41

Savin VJ, Sharma R, Sharma M, McCarthy ET, Swan SK,
Ellis E, Lovell H, Warady B, Gunwar S, Chonko AM, Artero
M, Vincenti F (1996) Circulating factor associated with in-
creased glomerular permeability to albumin in recurrent focal
segmental glomerulosclerosis. N Engl JMed 334:878-883
Nath KA, Grande J, Croatt A, Haugen J, Kim Y, Rosenberg
ME (1998) Redox regulation of renal DNA synthesis, trans-
forming growth factor-B1 and collagen gene expression. Kid-
ney Int 53:367-381



