
Abstract The effect of enalapril and low prednisone
doses on the urinary protein electrophoretic pattern 
was studied in 13 pediatric patients with glomerular dis-
eases and steroid-resistant nephrotic syndrome. Enalapril
was administred at doses of 0.2–0.6 mg/kg per day for
24–84 months, and prednisone was introduced 2 months
later in 11 patients at doses of 30 mg/m2 on alternate
days. The urine protein electrophoretic pattern showed a
reduction of 80% and 70% in the total protein and albu-
min, respectively, after enalapril. Total urinary protein
decreased from 5.46 to 1.1 g/m2 per day (P<0.001). A
marked change from a pattern of non-selective urinary
protein loss to an albumin-selective proteinuria was ob-
served. Mean total plasma proteins increased from 4.7 to
5.43 g/dl (P<0.001). Four patients became free of pro-
teinuria 24 months after enalapril was started, but only 2
remained free of proteinuria at 48 months of follow-up.
The other 11 patients had persistent albuminuria of be-
tween 0.5 and 2.6 g/m2 per day with a selective urinary
electrophoretic pattern. No additional decrease was ob-
served after steroids were introduced. A clinical im-
provement in edema was observed in all children. Three
patients developed transient acute renal failure, during
the course of an infectious disease; 2 developed peritoni-
tis and 1 pneumopathy. In these patients withdrawal of
enalapril was necessary until a complete recovery of re-
nal function was observed. Four patients were hyperten-
sive on admission, achieving normal blood pressure 

1 month after enalapril was started. No episodes of sys-
temic arterial hypotension were seen. Creatinine clear-
ance and serum potassium showed no statistically signif-
icant change.
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Introduction

Despite a better understanding of etiopathogenic mecha-
nisms, steroid-resistant nephrotic syndrome (SRNS) still
represents a challenge for the nephrologist, not only in
treatment of the glomerulopathy but also in the remis-
sion of proteinuria, which is strongly associated with
edema and complications such as sepsis, thromboembo-
lism, malnutrition, and progression of renal damage. In
90% of cases, idiopathic nephrotic syndrome in child-
hood corresponds to a minimal change disease (MCD),
and of these 85% benefit from steroid treatment. The
other, less-frequent causes of SRNS are focal segmental
glomerulosclerosis (FSGS) and membranoproliferative
glomerulonephritis (MPGN), with more than 50% of 
patients progressing to end-stage renal failure within
2–10 years. Despite this, these diseases have a variable
progression in their nephrotic characteristics [1, 2].

The use of immunosuppressive therapy, such as oral
or intravenous cyclophosphamide, azathioprine, or chlor-
ambucil, has had disappointing results and undesirable
side effects [3, 4]. In pediatric patients cyclosporine has
been used successfully in steroid-dependent nephrotic
syndrome. However the majority of these patients be-
came cyclosporine dependent with a high risk of nephro-
toxicity, as shown by renal biopsies [5]. Recently, 
Niaudet et al. [6] reported the use of intravenous cyclo-
sporine in recurrent SRNS, but the benefit of cyclospo-
rine in these patients was still debatable. Recently, an-
giotensin-converting enzyme inhibitors (ACEI) have
been proposed as a treatment for steroid non-responding
nephrotic syndrome, showing a variable decline of pro-
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teinuria. The antiproteinuric effect of ACEI has been as-
cribed to various factors, including a decrease in the
glomerular capillary plasma flow rate, a decrease in
transcapillary hydraulic pressure, or a change in the
permselectivity of the glomerular filtering membrane at
the level of the glomerular capillary wall [7–10].

New advances in electrophoresis for the separation of
urinary proteins according to molecular size have al-
lowed different patterns of proteinuria in renal diseases
to be distinguished. The purpose of this study was to
evaluate the effect of enalapril on the plasma and urine
electrophoretic patterns.

Patients and methods

Study population

The study population included 13 patients with SRNS, all second-
ary to glomerular diseases (10 boys, aged 1.8–12 years, mean 
8 years) were treated for 24–84 months (mean 48 months). Renal
biopsies showed: FSGS (n=4), type I MPGN (n=3), crescentic glo-
merulonephritis (n=3), 2 cases secondary to Henoch-Schonlein
disease and the other to post-streptococcal glomerulonephritis,
MCD with IgM deposition in 2 patients and diffuse mesangial
sclerosis in the youngest patient.

All showed persistent nephrotic-range proteinuria above 
40 mg/m2 per hour, and had received prednisone (60 mg/m2 per
day) for at least 8 weeks, according to standard recommendations,
without response. In addition, 8 patients received cyclophospha-
mide therapy for 2 months (2 mg/kg per day) and 5 patients were
treated with methylprednisolone bolus 1 g/m2 (3 doses), after stan-
dard oral prednisone treatment, but despite this no change was ob-
served in proteinuria [11, 12].

Urine collection, blood samples, and electrophoresis

Urine collection began after the first-morning voiding at 7 a.m.
and included the first-morning urine at 7 a.m. the following day.
Blood samples for serum creatinine and electrolytes were taken in
the morning while fasting. Creatinine clearance was estimated
from the serum creatinine using the Schwartz formula.

Electrophoresis is a reliable method for detecting serum and
urinary protein changes associated with certain broad disease cate-
gories. In our study electrophoresis was performed at pH 8.6 on
agarose gel, which separates serum and urinary proteins into five
distinct and well-defined bands. These protein bands were identi-
fied in order of decreasing electrophoretic mobility as albumin, al-
pha1-globulin, alpha2-globulin, beta globulin, and gamma globu-
lin. Following electrophoresis, the separated protein bands were
visualized by staining with amido black 10 B. The dried agarose
film is durable and shows little or no deterioration upon storage.
Quantification was easily accomplished with densitometry due to
the clarity of the finished electrophoretogram [13, 14].

Urine and blood samples were obtained at the beginning of the
treatment, twice a month for 2 months, and once a month thereaf-
ter, until the proteinuria had decreased by 50%, and once every 
3 months until the end of the study.

Treatment

Enalapril was started at 0.2 mg/kg per day (maximum 30 mg/day)
and increased by 0.1 mg/kg per day each month until a 50% de-
crease in basal proteinuria was reached. Prednisone was intro-
duced 2 months later in 11 patients at doses of 30 mg/m2 on alter-
nate days with the aim of further reducing proteinuria (Table 1).

Statistical analysis

The data are presented using statistical analysis of median values
and non-parametric Wilcoxon tests.

Results

Four patients showed a complete remission of protein-
uria 4–12 months after enalapril was started. The other
patients showed an 80% and 70% decrease in both uri-
nary total protein and albumin excretion, respectively. A
clinical improvement in edema was observed in all chil-
dren. Four patients who had arterial hypertension on ad-
mission achieved normal values of arterial pressure ac-
cording to the Task Force Report [15] 1 month after
enalapril was started. Mean arterial pressure was 91±10

Table 1 Enalapril and prednisone in nephrotic-range proteinuria –
follow-up of urinary protein (g/m2 per day) (DMS diffuse mesan-
gial sclerosis, FSGS focal segmental glomerulosclerosis, MPGN

membranoproliferative glomerulonephritis, CGN crescentic glo-
merulonephritis, MCD minimal change disease)

Underlying Before After Before After Alternate- 6 months 12 months 24 months 36 months 48 months
disease treatment classical enalapril enalapril day

treatment 0 months 2 months prednisone

DMS 2.92 3.5 2.65 1.05 10 0.8 0.9 1.2 0.9 0.5
FSGS 5.2 4.98 5.46 1.25 15 1.2 0.8 1.8 2.0 2.2
FSGS 5.46 10 12.3 4.5 20 2.7 1.0 1.2 1.4 1.1
FSGS 8.6 7.5 5.2 1.9 25 1.8 1.8 1.9 – –
FSGS 10.5 8.0 8.6 6.5 15 4.1 2.7 2.2 2.0 1.9
MPGN 4.79 5.6 4.7 1.7 10 1.9 0.0 0.0 0.0 0.0
MPGN 4.0 6.0 4.2 1.52 25 1.6 1.0 1.2 1.4 1.2
MPGN 4.4 5.34 5.45 2.68 30 2.8 1.2 1.8 1.9 1.6
CGN 8.9 3.0 8.6 1.08 – 0.0 0.0 2.5a 1.3 0.9
CGN 8.7 5.0 8.2 1.57 15 1.0 0.0 1.9a 1.8 0.7
CGN 5.45 5.9 6.0 0.8 10 0.0 0.0 0.0 0.0 0.0
MCD 2.65 2.9 2.92 2.96 20 2.6 2.6 2.8 – –
MCD 7.65 5.0 10.5 1.89 20 1.6 1.1 1.9 2.6 2.6

a Enalapril was restarted
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and 81±6.7 mmHg before and after enalapril (P<0.02).
No additional significant change in blood pressure was
observed, even in those patients with maximum enalapril
doses. No episodes of systemic arterial hypotension were
observed.

When the pattern of urinary proteins was analyzed,
the initial non-selective pattern had changed to an albu-
min-selective urinary protein loss in all patients (Fig. 1).
An average decrease from 5.46 to 1.1 g/m2 per day
(P<0.001) and 3.2 to 0.99 g/m2 per day (P<0.001) was
recorded for total urinary protein and albumin, respec-
tively. Urinary globulins showed a significant decrease
in all the urine protein fractions. The plasma electropho-
retic protein pattern showed a significant increase in
plasma levels of albumin and total protein (Table 2).

In 5 children creatinine clearance showed hyperfiltra-
tion secondary to nephrotic syndrome at the beginning of
the study. After enalapril therapy was started the glomer-
ular filtration rate was in the normal range in all patients
and creatinine clearance showed no statistically signifi-
cant change during the study. Mean creatinine clearance
was 89±16.8 and 78±18.6 ml/min (P<0.31) before and
after enalapril treatment. Three patients presented with
mild hyperkalemia (mean 5.6 mEq/l), but the doses of
enalapril were not changed. Of the 4 patients who be-
came free of proteinuria, only 2, 1 with crescentic (post-
streptococcal) glomerulonephritis and 1 with MPGN, re-

mained free of proteinuria after 4 years of follow-up.
The other 11 patients had persistent albuminuria of be-
tween 0.5 and 2.6 g/m2 per day. In all, prednisone at dos-
es of 30 mg/m2 on alternate days was added to achieve
better control of proteinuria. No additional decrease in
proteinuria was observed in these patients after steroids
were introduced (Table 1).

After 12 months of complete remission of proteinuria
in 3 patients with crescentic glomerulonephritis, enala-
pril therapy was discontinued for 2 years. It was neces-
sary to restart treatment in 2 patients because of recur-
rence of proteinuria, and a good response was obtained
with a remission of proteinuria.

Few adverse side effects of enalapril therapy were ob-
served in our patients. Three patients developed transient
acute renal failure during the course of an infectious dis-
ease; 2 peritonitis and 1 pneumopathy. Enalapril treat-
ment was interrupted until complete recovery of renal
function was observed.

Discussion

Since early clinical trials with diabetic patients and ani-
mal experiments, ACEI have proven to be useful in de-
creasing intraglomerular hypertension and progressive
renal deterioration [16, 17]. Early trials in diabetic pa-
tients showed that ACEI reduced proteinuria without any
further reduction in renal function [18]. Theoretical ana-
lyses of experimental data document that ACEI uniform-
ly reduce the radius of all membrane pores in rats [19].
Morelli et al. [20] reported that, in humans with insulin-
dependent diabetes, enalapril exerts an antiproteinuric
effect by reducing the size of glomerular pores, thus en-
hancing the size-selective barrier.

Chronic renal disease evolves to end-stage renal fail-
ure through various stages, which include enhanced
intraglomerular pressure and plasma protein ultrafiltra-
tion, produced at least in part by angiotensin II. ACEI
reduce intracapillary pressure, leading to a recovery in
glomerular size-selective function, which may account
for their antiproteinuric and potential renoprotective ef-
fect [21, 22]. A selective decrease in intraglomerular
transcapillary pressure has also been shown, not related
to any change in systemic blood pressure, but mainly
due to ACEI-induced efferent arteriolar dilation [23,
24].

Table 2 Enalapril and predni-
sone in nephrotic-range pro-
teinuria – serum and urine elec-
trophoresis

Fig. 1 Electrophoretic pattern of urinary protein before and after
enalapril. A significant change in the electrophoretic pattern was
observed after the enalapril treatment. The non-selective protein-
uria became an albumin-selective urinary protein loss (GAMMA
gamma globulin, ALPHA 2 alpha2-globulin, ALPHA1 alpha1-globu-
lin, ALB albumin)

Urinary protein Serum protein 
(g/m2 per day) (g/dl)

Pre Post P* Pre Post P*

Total protein 5.46 1.1 0.001 4.7 5.43 0.001
Albumin 3.2 0.99 0.001 1.41 2.43 0.001
Alpha1-globulin 0.4 0.0 0.02 0.25 0.30 NS
Alpha2-globulin 0.57 0.0 0.001 1.55 1.14 0.01
Beta globulin 1.0 0.0 0.001 0.83 0.89 NS
Gamma globulin 0.15 0.0 0.009 0.50 0.65 NS* Values are median in urine

and plasma



Experiments in animals and humans have document-
ed that inhibition of the renin-angiotensin system by
ACEI reduces the urinary protein excretion rate and de-
lays the development of renal injury. Angiotensin II in-
duces changes in the urinary protein excretion rate and
modulates glomerular capillary permselectivity in isolat-
ed perfused rat kidneys; these changes were completely
prevented by angiotensin II receptor antagonist [25].

The first studies on the efficacy of ACEI treatment in
children with SRNS appeared 10 years ago. Trachtman
and Gauthier [8] reported a 50%–70% decrease in uri-
nary protein loss, but no significant change was observed
in blood pressure and creatinine clearance following this
therapy. More recently, Proesmans et al. [9] studied the
effect of enalapril in six pediatric patients with nephrotic
proteinuria, and observed an important reduction of pro-
teinuria in two patients and a moderate decrease in three
others. However, therapy was accompanied by a fall in
glomerular filtration in all subjects.

Dextran sieving studies showed that angiotensin II
blockade reduced fractional clearance values for large
neutral dextrans near to values observed in normal rats,
but had no effect on the fractional clearance of dextran
sulfate. These findings indicate that reducing angiotensin
II activity improves size selectivity without affecting
charge selectivity in injured remnant glomeruli [26].

Electrophoresis is a well-established technique for the
analysis of proteinuria in renal diseases which allows the
differentiation of urinary proteins according to their mo-
lecular weight. Many variations of polyacrylamide gel
electrophoresis have been applied to routine clinical
practice and numerous publications have classified pro-
teinurias according to the different molecular weight pat-
terns of urinary protein.

Our findings indicate that enalapril, an oral ACEI, can
safely reduce urinary protein loss in children, changing a
non-selective electrophoretic urinary protein pattern into
a selective one. Otherwise, total protein and albumin
plasma levels show a statistically significant increase,
without any significant reduction in creatinine clearance.
This kind of therapy seems to be useful and safe in the
management of proteinuric nephrotic patients, allowing a
better clinical outcome in children with SRNS.
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