
Abstract Tubular function of 17 pediatric patients with
a mild form of acute post-infectious glomerulonephritis
was prospectively evaluated by assessment of the urinary
activity of proximal and distal tubule enzymes. Neutral-
like endopeptidase (NEP-like) and angiotensin-convert-
ing enzyme (ACE) were the proximal tubule enzymes
assessed, while prolyl-endopeptidase (PE) and serine-en-
dopeptidase H1 and H2 were the distal tubule enzymes
analyzed. Urine was collected at diagnosis (T0) and 
after 2 (T2) and 6 (T6) months of follow-up. NEP-like
enzyme activity (nmol/mg creatinine; median±quartile
range) was increased at diagnosis, and this remained 
stable during the first 6 months (T0 18.30±83.26, T2
17.32±49.56, T6 23.38±107.18). Urinary activity of the
other enzymes was as follows: ACE (mU/ml per mg 
creatinine) T0 0.08±0.16, T2 0.06±0.10, T6 0.18±0.29;
PE (nmol/mg creatinine) T0 6.70±84.87, T2 9.55±69.00,
T6 13.67±28.70; serine-endopeptidase H1 (nmol/mg cre-
atinine) T0 7.86±26.95, T2 17.17±59.37, T6 18.19±
79.14; and serine-thiol-endopeptidase H2 (nmol/mg cre-
atinine) T0 3.06±21.97, T2 12.06±32.42, T6 16.22±
44.06. Thirty other healthy children matched for age and
gender were considered as a control group. This group

was assessed once and the results were: NEP-like 
activity 6.05±10.54, ACE 0.11±0.22, PE 7.10±13.36, H1
5.00±17.30, and H2 6.00±20.16. In conclusion, we ob-
served that NEP-like and H1 enzymes exhibited signifi-
cant increased urinary activity 6 months after the diagno-
sis. This increase occurred in spite of the disappearance
of clinical symptoms, which occurred 2 months after the
diagnosis. We believe that the increase in urinary enzy-
matic activity could be a manifestation of a silent tubular
dysfunction following an episode of acute post-infec-
tious glomerulonephritis.
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Introduction

Acute post-infectious glomerulonephritis (AGN) is a
well-known disease, usually associated with a favorable
prognosis, and most frequently seen in children and ado-
lescents. Clinical and laboratory aspects of AGN and its
glomerular lesions have been extensively investigated in
several studies [1, 2, 3]. In the majority of cases the dis-
ease is quite silent and mild severity is to be expected;
only rarely are severe complications, such as acute renal
failure or hypertensive encephalopathy, present. The
course of the disease is also benign and the main symp-
toms usually disappear after 1–2 months of follow-up.
The only symptom that persists is microscopic hema-
turia, which can be present up to 1 year following the di-
agnosis [4]. The integrity of tubular function has rarely
been assessed in AGN, since the disease is believed to
have a benign nature, and only a few studies to date have
reported long-term glomerulotubular involvement [5, 6,
7, 8].

Urinary enzyme activity has been used as a method of
assessment of tubular functional integrity. Some evi-
dence suggests that there is a correlation between mor-
phological lesions and cellular functional changes [9, 10,
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11, 12], indicating that it might be possible to detect and
follow renal tubular involvement by periodical assess-
ments of urinary enzyme activity.

The present pilot study aims to evaluate urinary en-
zyme activity in a group of patients with a mild form of
AGN (a frequent disease in our country), both in the
acute phase and during a medium-term follow-up period,
in order to assess the tubular function of this selected
group of patients for whom usual clinical and laboratory
data are expected to be uneventful.

Patients and methods

The study group comprised 17 children (13 boys) with a mean age
of 6.7±2.3 years (range 2–10 years) and a clinical diagnosis of
mild acute post-infectious glomerulonephritis syndrome. The syn-
drome was characterized by an appropriate history and clinical 
evidence of at least two of the following: hypertension, fluid re-
tention, and/or hematuria (after an episode of infectious disease).
All patients were assessed during the acute phase (T0 from onset
of symptoms up to a maximum of 15 days later), and again at 
2 (T2) and 6 (T6) months of follow-up.

A group of 30 healthy children was recruited in local schools
as controls (22 boys, mean age 6.4±2.1 years, range 2.4–
9.9 years). They were not taking medications nor presented with
any renal or systemic disease. Evaluation of urinary enzyme activ-
ity was performed only once for this group, and they were com-
pared with the patients only at T6, because this is a period usually
characterized by remission of clinical symptoms.

Samples of 5 ml of urine were collected from patients and con-
trols by spontaneous voiding in the morning, after discarding the
first flush. This strategy was adopted in order to avoid confound-
ing variables, such as urinary flow rate, physical exercise, and cir-
cadian rhythm. The urine samples were then stored at –20°C until
biochemical analyses were performed. Collected urine was centri-
fuged at 3,000 rpm at 4°C and then 4 times concentrated in an
Amicon concentrator. Samples were then incubated with 5 µg/ml
substrate, in 50 nM TRIS-HCl buffer, pH 7.0, at 37°C [13].

Activity of the enzymes neutral-like endopeptidase (NEP-like),
prolyl-endopeptidase (PE), serine-endopeptidase (H1), and serine-
thiol-endopeptidase (H2) was determined by a spectrofluorimeter
(F2000, Hitachi) with specific fluorogenic substrates derived from
the substrate Abz-RPPGFSPFRQ-EDDnp (Abz-BKQ-EDDnp)
(Abz=orthoaminobenzoic acid, EDDnp=2,4-dinitrophenyl ethyl-
enediamine, BK=bradykinin, and Q=glutamine). Glutamine was
used to adapt the solid-phase methodology. Results are expressed
as nanomoles per milligram creatinine [13, 14, 15].

Angiotensin converting enzyme (ACE) activity was deter-
mined fluorimetrically by the quantity of L-His-Leu released and
was expressed as milliunits per milliliter per milligram urinary
creatinine. This is based on the conversion of the substrate analog,
hippuryl-L-histidyl-L-leucine, to hippurate and L-histidyl-L-leu-
cine, which is quantified spectrofluorimetrically [16, 17].

Samples of urine from the patients were also checked for pH,
urine density, glycosuria, and hematuria. Hematuria was detected
on centrifuged urine by light microscopy. Concentration of urinary
protein was determined by the method of Bradford. Determination
of urinary creatinine was performed according to the Jaffé reac-
tion, an alkaline picrate method automated on a Cobas Mira Plus
(Roche). The reaction was read by the absorbance at 520 nm and
the quantity of creatinine was determined from a standard curve
expressed in milligrams per milliliter of urine.

Blood samples were drawn only from patients at T0. Serum
creatinine was determined according to the Jaffé reaction, while
serum C3 was assessed by immunoenzyme reaction.

Since the numerical data had a skewed distribution, non-para-
metric tests were used for the statistical analysis of the results.
Friedmann’s post test [18] was used for analysis of variance. Anal-
ysis was complemented by the multiple comparisons test when a
significant difference was found by Friedmann’s analysis of vari-
ance [19]. Mann-Whitney U test for two independent samples [18]
was used to compare controls with AGN patients at T6. Sperman’s
correlation coefficient was used to correlate enzyme activity with
other parameters.

The protocol was reviewed and approved by our hospital’s 
ethics committee. All patients and their guardians were informed
about the study at the beginning of the survey and the children
were included only after signing the informed consent form.

Results

All 17 patients fulfilled the clinical criteria for AGN.
The most frequent sites of associated infections were the
skin [11/17 (64.7%)] and the upper respiratory tract
[6/17 (35.3%)]. One-third of the patients received antibi-
otics (benzathine penicillin) because of active infection
at the time of the study. Only 6 children were admitted 
to hospital and all were discharged in good health. All
patients presented with hematuria, while 14 children 
exhibited oliguria and edema; hypertension was noted in
10 patients at T0. Three patients with acute renal failure
at the time of diagnosis were excluded from the study
due to severe clinical presentation.
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Table 1 Clinical and laborato-
ry values (mean±standard devi-
ation) in acute post-infectious
glomerulonephritis patients at
the time of diagnosis (T0), and
after 2 (T2) and 6 (T6) months.
For normal children (control
group) the analysis was con-
fined to one period (BP blood
pressure)

T0 (n=17) T2 (n=17) T6 (n=17) Control (n=30)

Systolic BP 128±25 88±9 91±9 92±10
(mmHg)
Diastolic BP 88±20 58±7 56±8 51±11
(mmHg)
Hematuria 378,000±38,522 12,176±17,278 8,058±18,403
(rbc/ml urine)
Serum complement C3 42±28 118±36 133±42
(mg/dl)
Serum creatinine 0.8±0.6 0.7±0.2 0.6±0.2
(mg/dl)
Serum albumin 4.2±0.7 4.7±0.4 4.8±0.4
(g/dl)
Urine protein 455±776 58±29 106±231
(mg/24 h)
Urine pH 5.5±0.6 5.9±0.7 5.7±0.6
Urine density 1023±6 1020±5 1018±7



All patients showed a benign clinical and laboratory
course and had no clinical involvement in the 2nd month
of follow-up, as shown in Table 1. Enzymatic activity in
patients with AGN at three different stages of follow-up,
as well as the differences between this group and con-
trols at T6, are shown in Table 2. NEP-like enzyme ac-
tivity was increased at T0, and this was maintained dur-
ing the first 6 months; this was significantly different
from controls. However, there were minimal variations
in ACE during the entire follow-up period and results for
this enzyme did not attain statistical significance. We
also observed a significant rise of enzymuria for en-
zymes with primary activity in the distal tubule (PE, H1,
and H2) up to 6 months of follow-up. H1 activity in 
patients was significantly different from controls at T6
(Table 2). We found no meaningful correlation of urinary
enzymatic activity and clinical and laboratory data.

Discussion

Although investigating the epidemiology of the disease
was not our goal, the triggering infection is likely to
have a streptococcal origin, such as impetigo and tonsil-
litis, due to the great prevalence of these conditions.
Pyoderma represented the main cause, probably related
to the climate of the region (hot and dry), the presence of
insects, and the low socioeconomic level of the popula-
tion, factors which have been described in previous 
studies [20, 21, 22, 23].

Increased amounts of urinary enzymes have been
used as initial markers of renal injury. Their quantitative
assessment and monitoring represent a promising non-in-
vasive diagnostic technique for evaluation of acute and
chronic nephron damage, since excretion of these en-
zymes usually rises before other markers, such as serum
creatinine, urinary glucose, phosphate, amino acids,
and/or proteins [11, 12].

Casarini et al. [24] and Di Marco et al. [13] demon-
strated that endopeptidases and exopeptidases are excret-
ed by the kidney. The initial portion of the proximal tu-

bule secretes ACE and NEP-like, while the final segment
of the distal tubule secretes PE, serine endopeptidase,
carboxypeptidase, and NEP. The excretion of urinary en-
zymes may vary according to age, sex, and physical ex-
ercise. Different urinary flow rates, physical exercise,
and circadian rhythm are typical short-term physiologi-
cal variables that influence the pattern of excretion [11,
25].

The urinary activity of NEP-like was high in the ini-
tial phase of glomerulonephritis and at 6 months, with a
significant difference between patients and controls.
NEP-like is amply distributed throughout the human
body (kidneys, central nervous system, lungs, male geni-
tal tract, plasma membrane of neutrophils). Its molecular
weight is high (94 kilodaltons), its serum concentration
is very low, and, under normal conditions, NEP is not fil-
tered by the glomeruli [26]. The presence of neutrophils
in the mesangium during the acute phase of the disease
might account for the increased amounts of this enzyme
at the onset of symptoms (T0) [27]. However, the persis-
tence of increased excretion at T6 might reflect a lesion
of the tubular surface, since NEP is an enzyme located in
the brush border of the proximal tubule cells [26, 28].

ACE has been detected in many tissues (lung, kidney,
blood plasma). In the kidney, it is located on the surface of
the brush border [29]. In our study, ACE showed low uri-
nary activity during the whole follow-up period. In other
studies, a low concentration of this enzyme was observed
compared with NEP [30, 31]. Our data do not allow us to
conclude whether this low ACE activity occurred indepen-
dently of high NEP-like activity, or if partial degradation of
the enzyme occurred during the purification method [30].

Serine proteinases are not filtered by the glomeruli
and it is known that PE, H1, and H2 have activity in the
distal portion of the kidney, but the specific cellular site
has not been defined yet [24, 32, 33]. A progressive in-
crease in urinary activity of H1 and H2 was observed in
our patients at T2 and T6. This is in agreement with the
hypothesis that tubular function might be altered during
a period characterized by the remission of clinical symp-
toms of AGN. In accordance with this hypothesis, previ-
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Table 2 Urinary enzymatic activity (median±quartile range) in
acute post-infectious glomerulonephritis patients at the time of di-
agnosis (T0), and after 2 (T2) and 6 (T6) months. For normal chil-

dren (control group) the results are confined to one period (NEP
neutral-like endopeptidase, ACE angiotensin converting enzyme,
PE prolyl-endopeptidase)a

Enzymes T0 (n=17) T2 (n=17) T6 (n=17) Control (n=30) P

NEP-like 18±83 17±50 23±107 6±11 <0.05* 
(nmol/mg creatinine)
ACE 0.1±0.2 0.1±0.1 0.2±0.3 0.1±0.2 NS
(mU/ml per mg creatinine)
PE 7±85 10±69 14±29 7±13 NS
(nmol/mg creatinine)
H1 8±27 17±59 18±79 5±17 <0.05*
(nmol/mg creatinine)
H2 3±22 12±32 16±44 6±20 NS
(nmol/mg creatinine)

* Control less than patients at T6, according to Mann-Whitney U test
a T0=T2=T6 by Friedmann Post test



ous studies have established by morphometric methods
that the distal tubule is mostly affected by interstitial
damage, whatever the type of glomerulonephritis. More-
over, due to its proximity to other nephron segments, it
can be affected even when it is not the primary site of
damage [34]. However, our data showed a wide range of
variation and should be interpreted with caution.

In conclusion, we observed that some enzymes exhib-
ited increased urinary activity 6 months after the diagno-
sis of AGN. This is in contrast to the observed clinical
picture, which was characterized by the disappearance of
clinical symptoms with no apparent sequelae. This sug-
gests that there is a silent tubular dysfunction in AGN, in
spite of the favorable short-term clinical course of the
disease. We do not know the implications of this phe-
nomenon in the long-term evolution of these patients.
However, it would be interesting to investigate whether
the observed enzymuria persists for a longer period of
follow-up in AGN patients, and whether it occurs in 
other forms of glomerulonephritis.
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