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Abstract. Plasma levels of atrial natriuretic peptide (ANP) 
and of endothelin (ET) were significantly elevated 
(87.7+13.9 pg/ml and 79.7+10.8pg/ml, respectively) 
during the acute phase of acute poststreptococcal glomem- 
lonephritis (APSGN). Plasma renin levels were normal, 
fractional excretion of sodium (FENa) was 0.5 + 0.1% and 
creatinine clearance (Ccr) averaged 82.2+18.3ml/min 
per 1.73 m 2. In the recovery phase of the disease 
(n = 12), levels of ANP (23.6+6.7 pg/ml) and ET 
(43.1 + 2.4 pg/ml) fell and were not significantly different 
from those measured in 11 control subjects. FENa increased 
to 1.3+0.1% and CcrtO 113.5--+12.1 ml/min per 1.73 m 2 
(all values mean + standard error). ANP did not correlate 
with PRA, blood pressure, Ccr or FENa. There was an 
inverse relationship between the ET level and FENa in the 
acute phase of the disease (r = 0.489, P <0.05), but no 
significant correlation between ET and blood pressure, 
PRA, Ccr or ANP was found. We suggest that, despite the 
sodium retention, the increased ANP level in APSGN indi- 
cates unresponsiveness of the kidneys to ANP; the in- 
creased ET levels may contribute to this. 
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Introduction 

Acute poststreptococcal glomerulonephritis (APSGN), a 
not uncommon disease in developing countries [1-3], is 
characterised by hypertension in 30%-90% of patients 
[2, 4] and by fluid retention in over 90% of patients [2, 4]. 
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Fractional excretion of sodium (FENa) is reduced during 
the acute phase of the disease. 

The identification of atrial natriuretic peptide (ANP) 
and endothelin (ET) has aided our understanding of sodium 
homeostasis and blood pressure regulation. Levels of ANP, 
a potent natriuretic and vasodilatory agent [5, 6], increase 
in response to acute volume expansion [7]. ET, which was 
isolated by Yanagisawa et al. [8], constricts vascular and 
non-vascular smooth muscle cells, stimulates ANP secre- 
tion and decreases renal blood flow, glomerular filtration 
rate (GFR), urine volume and urinary sodium excretion 
[8-11]. 

In the present study, children were studied in the acute 
and recovery phases of APSGN in order to determine the 
roles of ANP and ET in the pathogenesis of the oedema and 
hypertension observed in this disease. 

Patients and methods 

The study group consisted of 16 patients with APSGN, 11 of whom were 
admitted to Hacettepe Children's Hospital until the acute manifestations 
subsided; the remaining 5 were evaluated as outpatients. Twelve patients 
were subsequently studied in the recovery phase, 6 -12  weeks after pre- 
sentation of the disease. Eleven age- and sex-matched healthy children 
were also evaluated. 

The diagnosis of APSGN was made following observation of the 
typical clinical manifestations: the sudden appearance of proteinuria and 
haematuria associated with hypertension (94% of patients), oedema 
(94%), azotaemia, hypocomplementaemia and evidence of an antecedent 
group A ~-haemolytic streptococcus infection - either a positive throat 
culture for l]-haemolytic streptococcus and/or elevated titres of anti- 
streptolysin 0. In 1 patient, the diagnosis was confirmed by renal biopsy. 
No patient was included who had received diuretics prior to the time of 
blood sampling for ANP, ET and FENa measurement. Diuretics were 
administered to 7 of the 16 patients who met this requirement later in the 
course of the disease. 

Blood samples were drawn from peripheral veins following 15 rain 
rest in the supine position. Routine urinalysis and biochemical analysis 
of blood were performed in all patients. Urinary sodium excretion was 
calculated using the urinary sodium value measured in spot urine samples 
before diuretic administration. Creatinine clearance (Ccr) was calculated 
from the urine samples collected during the first 24 h. The Ccr could not 
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T a b l e  1. The  c l in ica l  and labora tory  character is t ics  of  pat ients  a 

Patient no. b Age Sex Weight Blood Oedema Proteinuria Throat ASO C3 C4 SCr CCr UNa FENa PRA ANP ET 
(kg) pressure (mg/kg culture (Todd (mg/dl) (mg/1) (ml/min (mEq/l) (%) (ng/mI (pg/ml) (pg/ml) 

(mmHg) per day) units) per 1.73 m 2) per rain) 

1 (1) 10 F 28.0 150/i00 + 960 Normal 1250 17 5 2.1 43.3 51 1.0 0.2 98.0 47.5 
(2) 25.6 100/70 - 60 Normal 833 71 22 0.8 126.2 107 1.0 19.0 32.3 

2 (1) 10 F 32.3 130/85 + 900 ~HS 1250 16 22 1.7 60.0 i4 0.2 0.1 81.8 
(2) 29.0 100/70 - 158 Normal 833 80 20 0.6 156.1 104 1.1 12.7 43.3 

3 (1) 9 M 27.0 120/90 + - [3HS 625 50 30 0.8 ND 34 0.3 4.6 16.2 49.5 
(2) 24.9 100/70 - 75 Normal 625 57 27 0.5 131.0 99 1.0 16.0 41.8 

4 (1) 9 M 20.0 130/90 + - ~HS 833 40 26 0.7 ND 31 0.5 0.2 66.8 59.0 
(2) 18.2 100/60 - 155 Normal 250 60 60 0.8 101.5 59 2.2 16.0 60.8 

5 (1) 14 F 49.6 160/110 + 1269 Normal 250 32 36 2.3 28.2 28 0.4 3.1 58.6 37.5 
(2) 45.0 120/80 - 120 Normal 250 67 19 0.7 i10.8 112 1.6 15.3 37.0 

6 (1) 4.5 M 16.2 135/95 + - ~HS 1250 12 30 0.9 ND 24 0.1 2.0 213.8 96.8 
(2) 15.2 90/60 - 90 Normal 833 42 20 0.7 85.5 101 2.1 91.2 54.0 

7 (1) 8 M 26.0 140/i00 + - Normal 250 16 16 1.0 ND 22 0.2 108.5 196.5 
(2) 24.0 90/60 - 147 Normal 166 71 20 0.5 98.3 109 0.7 33.1 36.8 

8 (1) i4 M 58.4 1451100 + 6013 ~HS 625 52 26 2.4 40.2 t7 0.2 2.5 17.0 138.5 
(2) 55.1 110/70 - 896 Normal 1250 82 19 0.9 56.7 196 1.2 

9 (1) 14 M 55.0 1401110 + - Normal 250 18 10 1.5 ND 9i 1.1 2.7 93.0 81.0 
(2) 51.2 125/75 - 51 Normal 166 55 21 0.9 40.7 155 1.5 32.9 47.5 

10 (1) 9 M 29.0 130/90 + - ~HS 1250 20 20 1.6 ND 50 0.7 2.0 76.8 47.8 
(2) 

11 (1) 6 F 21.6 140/100 + - Normal 833 12 20 0.8 ND 71 0.6 0.i i36.4 46.8 
(2) 19.1 120/80 - 135 Normal 625 72 30 0.6 215.4 143 0.7 9.1 34.3 

12 (1) 9 F 40.5 180/130 + 150 [3HS 1250 26 16 1.3 39.8 32 0.6 0.2 136.3 51.8 
(2) 37.0 110/70 - 23 Normal 1250 76 24 0.8 48.0 105 0.9 6.2 42.8 

13 (1) 12 M 60.0 135/90 + 325 ~HS 625 16 16 0.7 156.7 39 0.2 65.5 95.5 
(2) 

i4 (1) 14 F 37.5 140/90 + 196 Normal 833 16 18 0.9 146.5 129 0.5 0.5 68.7 125.5 
(2) 36.0 130/85 - 81 Normal 250 66 22 0.9 141.0 160 1.0 14.3 45.5 

15 (1) 9 F 37.8 150/110 + 74 ~HS 833 136 28 1.1 51.4 71 0.6 139.4 89.3 
(2) 35.2 120/70 - 76 Normal 833 76 26 0.7 96.8 98 1.4 11.5 41.3 

16 (1) 5 M 17.6 100/70 - 244 13HS 625 16 20 0.7 77.5 38 0.7 21.0 39.8 
(2) 17.0 100/65 - 46 Normal 625 52 20 0.6 144.6 130 0.8 

Mean (1) 9.9+0.8 139.1+4.4/97.5+4.6 30.9+7.7 21.2_+2.0 82.2+18.3 0.5+0. 1 1.5+0.4 87.7_+13.9 79.7-+10.8 
(2) 119.5+4.8/73.0+3.8 73.2+5.4 23.7+2.2 i13.5+12.1 1.3+0.I 23.6+6.7 43.1+2.4 

a F igures  are expressed  as m e a n  + s tandard error  
b (1) Acu te  phase;  (2) r ecovery  phase  
[3HS, 13-Haemolytic s t reptococcus;  ND, not  de te rmined  as pat ients  re- 
ce ived  diuret ics ;  ASO,  ant i -s t reptolys in  O; Set, se rum creat inine;  Ccr, 

c rea t in ine  clearance;  UNa, ur inary  sodium;  FENa, fract ional  excret ion of  
sodium;  PRA,  p l a s m a  renin  act ivi ty;  ANP, atr ial  natr iuret ic  pept ide;  ET, 
endothel in  

be  ca lcu la ted  in  7 pat ients  because  they  had  to be  g iven  diuret ics  dur ing  
this  pe r iod  of  u r ine  col lect ion.  

P l a s m a  ren in  ac t iv i ty  (PRA)  was  de t e rmined  by  r a d i o i m m u n o a s s a y  
(RIA)  us ing  Cis  B io  In te rna t iona l  (France)  kits.  B l o o d  samples  for A N P  
and ET de te rmina t ion  were  co l l ec ted  in  i ce -coo led  p o l y p r o p y l e n e  tubes 
conta in ing  5 m m o l  E D T A  and 2,000 uni t s /ml  aprotonin for  A N P  and 
7.5 m m o l  E D T A  and 2,500 un i t s /ml  apro tonin  for ET. Samples  w e r e  
cen t r i fuged  i m m e d i a t e l y  and s tored at  - 2 0  ~ C unt i l  assayed.  

P l a s m a  concent ra t ions  of  ET-1 and A N P  were  m e a s u r e d  by  RIA.  For  
ANP,  a 2 -ml  a l iquot  o f  p l a s m a  was  ac id i f ied  wi th  t r i f luoroace t ic  acid 
(TFA) and app l i ed  to a Spe-C8 c o l u m n  (Amprep  A m e r s h a m  Internat ion-  
al, B u c k i n g h a m s h i r e  UK)  w h i c h  had  been  p r e w a s h e d  sequen t ia l ly  w i t h  
me thano l  and  d is t i l l ed  water .  The  analy te  adsorbed  to the car t r idge  was  
e lu ted  wi th  60% ace toni t r i le  0 .1% TFA,  fo l l owing  the e lu t ion  of  interfer-  
ing  mate r ia l  w i t h  0 .1% TFA.  For  ET,  a 1-ml a l iquot  of  p l a s m a  was  
ac id i f ied  wi th  2 M HC1 and appl ied  to a Spe-C2 c o l u m n  w h i c h  had  been  
p r e w a s h e d  sequen t i a l ly  wi th  me thano l  and  d i s t i l l ed  water .  The  analy te  
adsorbed  to the car t r idge  was  e lu ted  w i t h  80% acetoni t r i le  0 .1% TFA,  
fo l l owing  the e lut ion of  in ter fer ing  mate r ia l  w i t h  0 .1% TFA.  Measure -  
men t  of  A N P  was  car r ied  out  us ing  the Incs tar  A N P  0125) R I A  and  ET  

wi th  the A m e r s h a m  ET 1,2(1125) R P A  535 ( int rassay va r i ab i l i ty  4.1%, 
in te rassay  var iab i l i ty  12.1%) assay  sys tem.  

Resu l t s  were  expres sed  as m e a n  p lus  or minus  s tandard error. Intra-  
g roup  and in te rgroup  ana lys i s  of  s ta t is t ica l  s ign i f i cance  was  pe r fo rmed  
by  W i l c o x o n  and M a n n - W h i t n e y  U tests,  respect ive ly .  Pearson  s imple  
regress ion  ana lys i s  was  used  for de t e rmin ing  corre la t ions  be tween  para-  

meters .  

Results  

Ccr was significantly lower in the acute than in the recov- 
ery period (P <0.02) (Table 1). Values increased in each of 
the patients who had reduced Ccr levels in the acute phase 
and who had sequential measurements. F E N a  w a s  

0.5 + 0.1% in the acute phase and increased to 1.3 +0.1% 
in the recovery phase (P <0.001) (Table 1). The levels of 
both ANP and ET were significantly higher in the acute 



Table 2. Serum ANP and ET levels and PRA in patients and controls 

Glomerulonephritis Control 
subjects 

Acute Recovery 

ANP (pg /ml )  87.7• 23.6___6.7*** 16.5+__2.2 
ET ( p g / m l )  79.7__.10.8"* 43.1___2.4"** 40.5+__2.7 
PRA (ng/ml per rain) 1.5 +__ 0.4 1.4 ___ 0.3 

* P <0.001 compared with control and recovery results; ** P <0.005 
compared with control and P <0.01 compared with recovery phase 
values, *** Not different from control values 

phase of  APSGN than those in the recovery phase or those 
in the healthy control subjects (Table 2). ANP and ET 
levels were similar in patients in the recovery period and in 
the control subjects. PRA was in the normal range in both 
patients and the control group (Table 2). 

There were no significant correlations between either 
ANP or ET and age, sex, PRA, blood pressure, Ccr or 
FENa, in either the acute or the recovery phase of APSGN. 
No correlations were found for ANP and ET levels in either 
phase of  the disease. There was an inverse relationship 
between the ET level and FENa in the acute phase of  the 
disease (r = 0.489, P <0.05) (Fig. 1). 

Discussion 

As expected both Ccr and FENa were lower in the early 
phase than in the recovery phase of APSGN. In recovery, 
Ccr averaged the normal level observed in the healthy 
control subjects although it remained low in some patients. 
There was no relationship between the renal sodium excre- 
tion and either blood pressure or Ccr. This suggests that the 
reduced GFR is not the only factor determining sodium 
retention. 

Most reports on ANP in renal parenchymal disease in- 
volve patients with terminal renal failure [12, 13]. We 
could not find any report on ANP levels in children with 
APSGN. Levels of  ANP are increased in adults who have 
chronic glomerulonephritis but who have maintained a 
normal GFR. It has been suggested that the increased level 
of  ANP might represent a compensatory phenomenon in 
the presence of abnormal sodium and volume homeostasis 
[14]. 

The present study demonstrates that in children with 
APSGN plasma ANP increases during the acute phase of 
the disease. Since Ccr did not correlate with ANP in 
patients either in the acute or recovery phase of the disease, 
we conclude that decreased GFR is not the main factor 
determining an increased ANP level in APSGN. There was 
also no correlation between FENa and ANP. We suggest 
that the high ANP levels found in the patients may be 
secondary to the decreased renal sodium excretion, and 
speculate that the kidneys are insensitive to the natriuretic 
action of ANP in the acute phase of  the disease. However, 
it is possible that other factors which cause sodium reten- 
tion may be far more potent than ANP and may over- 
shadow its effects. An alternative possibility is that there is 
reduced delivery of  systemically derived ANP to the renal 
tissue, secondary to decreased renal blood flow. 

250 

521 

200 

-~ 1so 

~100 

50 

o o:2 & 0'8 1:0 1.2 

FENa(%) 
Fig. 1. The correlation between plasma endothelin (ET) level and the 
fractional excretion of sodium (FENa) in the acute phase of the disease 
(n = 16, r = 0.489, P <0.05) 

Although ANP levels were increased in the patients, 
PRA was normal (Table 1) and there was no correlation 
between the ANP and PRA. ET levels are increased in 
terminal renal failure, but do not correlate with GFR 
[15-17] .  Thus it has been suggested that the elevated 
levels of  ET may be due to hypervolaemia, anoxia and 
other neuroendocrine disorders. Kanno et al. [18] sug- 
gested that injury of the vascular endothelium in vasculi- 
tides stimulates ET secretion. It is known that APSGN is an 
immune-complex disease, and it may cause glomerular 
endothelial injury. Thus the increased levels of  ET that we 
found in the acute phase of  APSGN may be secondary to 
hypervolaemia and to a possible glomerular endothelial 
injury. 

In both essential hypertension and terminal renal failure 
no relationship has been found between blood pressure and 
ET [16, 17]. We could not find any relationship between 
blood pressure and either ET or ANP, or between ET and 
ANP levels. ET has been shown to reduce renal sodium 
excretion [10]. Thus our finding of an inverse correlation 
between ET levels and renal sodium excretion in the acute 
phase of APSGN is not unexpected. ET may also inhibit 
the renal responsiveness to ANP in APSGN. 

In conclusion, in APSGN increased ANP levels despite 
sodium retention suggest a renal unresponsiveness to AN-P, 
perhaps mediated by increased ET levels. 
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Ask the expert* 

A 3-year-old girl has steroid-responsive nephrotic syn- 
drome, but proteinuria recurs persistently when the dose of 
prednisolone is reduced to 1.5 mg/kg per day or when she 
is placed on high-dose alternate-day steroids. The protein- 
uria is only moderate (Albusti 1+-2+)  and there is no 
oedema. How should this child be managed? 

Key word: Nephrotic syndrome 

This child has a steroid-responsive and steroid-dependant nephrotic syn- 
drome. She relapses on high-dose alternate-day prednisolone. If this girl 
has not developed signs of steroid toxicity, prednisolone should be re- 
placed by prednisone. It has been our experience, in some children who 
do not show cushingoid features despite high doses of prednisolone, that 
prednisone can be more effective than prednisolone in inducing or main- 
taining remission. It is not known whether this is due to a decreased 
intestinal absorption or a faster metabolism of prednisolone than predni- 
sone. 

If this girl shows signs of steroid toxicity, particularly statural growth 
impairment, she should receive a course of alkylating agents (cyclo- 
phosphamide or chlorambucil) which often induce long-lasting remis- 
sions. As shown by a study from the Arbeitsgemeinschaft fttr P~idia- 
trische Nephrologie [1], the duraton of treatment is important: 70% of 
patients are still in remission 2 years after a 12-week course of cyclo- 
phosphamide compared with only 30% after an 8-week course. No study 
has shown cyclophosphamide to be superior to chlorambucil. 

If the patient experiences further relapses despite the course of alky- 
lating agents, she should be treated again with corticosteroids. A pro- 
longed alternate-day prednisone regimen, 15-30 mg/m 2, is proposed, 
according to the dose at which the relapses occur. 

Cyclosporin should be prescribed only if relapses occur with higher 
doses of predulsone, and if the patient again develops signs of steroid 
toxicity. This treatment has been shown to be effective in 80% of steroid- 
dependant children, allowing maintenance of remission despite with- 
drawn of corticosteroids [2]. As most patients relapse when the cyclos- 
porin dosage is decreased or stopped, cyclosporin may have to be admin- 
istered for long periods, thus increasing the risk of nephrotoxicity. There- 
fore, cyclosporin should be given only to those patients who develop 
further steroid dependency despite a course of alkylating agents. 

Patrick Niaudet 
Service de Ntphrologie Ptdiatrique 
Hopital Necker Enfants Malades 
149 rue de S6vres 
F-75015 Paris, France 
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