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Abstract. The effects of chronic uraemia and serial acetate 
(HDA) or bicarbonate (HDB) haemodialysis on the aggre- 
gation, thromboxane B2 (TXB2) relea~e and cyclic AMP 
(cAMP) concentration of platelets from, arterial blood were 
studied in 14 uraemic patients (6 dialysed and 8 conserva- 
tively treated) and 10 controls. Platelets from uraemic 
patients, either dialysed or treated conservatively, ex- 
hibited a significantly higher cAMP level (P <0.005), a 
lower TXB2 level (P <0.01), and a lower aggregability 
(P <0.001) than the controls. The platelet cAMP level was 
more markedly decreased after HDB than after HDA 
(P <0.05). Greater increases in platelet aggregation 
(P <0.05) and TXB2 formation were observed after HDB 
than after HDA. The concentration of platelet cAMP and 
aggregability, and also the platelet cAMP and the TXB2 
level showed a significantly negative correlation (r = -0.7, 
P <0.05 and r = -0.60, P <0.05, respeclfively). There was a 
positive correlation between the platelet-derived TXB2 and 
the aggregability (r = 0.67, P <0.05). Although most 
patients had secondary hyperparathyroidism, the serum 
parathyroid hormone level did not correlate closely with 
the cAMP, TXB2 or aggregation results. The dysfunction 
of uraemic platelets accompanied by a reduced TXB2 re- 
lease may be explained by an increased cAMP and a 
decreased arachidonic acid availability. HDB improves the 
platelet function to a greater degree than does HDA. 
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Introduction 

Patients with uncontrolled renal failure have a haemor- 
rhagic tendency. Plasma coagulation factor activities are 
normal [ 1 ]. A number of studies have reported a decreased 
platelet count [2, 3], a reduced platelet factor 3 availability 
[4, 5], a defective clot retraction [6, 7], a decreased platelet 
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retention on glass beads [3, 8] and a prolonged bleeding 
time [3, 8, 9]. In vitro platelet aggregation studies have led 
to conflicting results. A reduced aggregation in response to 
ADP epinephrine, collagen and thrombin has been reported 
by some investigators [10-12], but others have found an 
enhanced aggregability [3, 13]. Several platelet biochemi- 
cal abnormalities have been observed in platelets from 
uraemic subjects. Thromboxane B2 (TXB2) production 
was normal in response to exogenous arachidonic acid, 
whereas it was decreased by 40%-50% in response to 
thrombin and collagen [14], which reflects a decreased 
release of arachidonic acid from platelet phospholipids. On 
the other hand, there is a reduction in ATP secretion in 
response to thrombin, collagen and arachidonic acid, as- 
sociated with a reduced ADP content, suggesting a storage 
pool defect [14]. An elevation in platelet cyclic AMP 
(cAMP) level [ 15] in uraemic patients could contribute to a 
defective aggregation response by reducing the availability 
of intracytoplasmatic calcium. There are conflicting results 
on the role of parathyroid hormone (PTH) in uraemic 
thrombocytopathy [16, 17]. The whole process of platelet 
dysfunction is associated with an increased ability of the 
uraemic vessels to produce prostaglandin I2, which has 
strong anti-aggregatory and vasodilatory effects [ 18]; this 
is believed to play a central role in the regulation of plate- 
let-vessel wall interactions [ 19]. 

Dialysis was found to improve threshold aggregation in 
response to collagen, ADP and epinephrine [14]. In some 
of our patients we observed thrombosis in the dialyser and 
in general, a better aggregability of platelets following the 
introduction of bicarbonate haemodialysis (HDB) com- 
pared with acetate dialysis (HDA). 

The aim of this study was to investigate the effects of 
HDB and HDA on the aggregation, cAMP concentration 
and TXB2 production of platelets from uraemic patients. 

Patients and methods 

Six patients with chronic renal failure (CRF) (3 boys and 3 girls, aged 
15.0_+3.2 years) had been on HD treatment for 27.4_+6.7months 
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Fig. 1. Changes in platelet aggregability. HDA, 
Acetate haemodialysis; HDB, bicarbonate hae- 
modialysis; HD, uraemia with conservative treat- 
ment; HD- vs controls, P <0.001; HDA vs controls, 
P <0.001; HDB vs controls, P <0.001 ; post-dialysis 
samples HDA vs HDB, P <0.05 (induced by 1 or 
3 gg/ml collagen) 

(group 1), 8 patients with CRF (5 boys and 3 girls, aged 12.1 +4.3 years) 
on conservative treatment (group 2), and 10 age- and sex-matched con- 
trols (group 3) were studied. The patients from groups 1 and 2 had a 
history of a haemorrhagic tendency (easy bruising, nose and gum bleed- 
ing). The patients from group 1 had a pre-dialysis Ivy bleeding time of 
9.5 _+0.7 min; in the controls it was 4.7 +0.9 rain. The primary diagnoses 
in groups 1 and 2 were: chronic glomerulonephritis 5, hydronephrosis 3, 
unilateral renal agenesia with hypoplastic kidney on the contralateral 
side 4, nephrosclerosis 1 and polycystic kidney disease 1. The patients in 
group 1 (n = 6) were treated with 5-5 HDA and I-IDB respectively. HD 
was performed with a cuprophan single-use Travenol dialyser. Blood 
flow was 200 ml/min and the duration of each dialysis was 3.5 h. Heparin 
was administered in an initial bolus dose (2000 units) and it was followed 
by a constant infusion (1200 units/h). The pre-dialysis haematocrit (Htc) 
was 0.24 ___ 0.02, platelet count 183 _+ 31.105/p~l, blood serum concentra- 
tions were: sodium 139.3 _+ 4.6 mM, potassium 5.4 _+ 0.4 mM, urea nitro- 
gen 36.9-+6.8 mM, and creatinine 929_+ 112 gM, with the capillary 
blood pH 7.31 _+0.07. 

Before and during the study, none of the patients underwent parathy- 
roidectomy. Serum PTH concentration was measured by radio-im- 
munoassay (Byk-Sangtec Diagnostica, Dietzenbach, FRG). The normal 
range is 310-600 pg/ml. The average serum PTH level in group 1 was 
5256.1+ 2815.2 pg/ml. None of the patients was given non-steroidal 
anti-inflammatory drugs or blood transfusions during and 2 weeks prior 
to the study. 

In group 2, the average level of serum urea nitrogen was 
18.2-+4.1 raM, creatinine 480_+89 gM, sodium 138.2_+2.3 raM, potas- 
sium 4.8 _+ 0.3 mM, PTH 1810 +753 pg/ml. Htc was 0.34 +_0.04, platelet 
count 192 _+ 27.105/gl. 

At the beginning and the end of HD, blood samples (9 rrd) were 
collected in plastic tubes containing 1 ml 3.8% trisodium citrate from the 
arterial line of the dialyser after a few HDA and HDB treatments. Blood 
samples treated with 3.8% trisodium citrate were also taken from 
groups 2 and 3. The patients and the controls did not receive any medica- 
tion known to affect the platelet function. The study was approved by the 
University Research Ethical Committee. 

Platelet aggregation. Citrated blood was centrifuged within 30 rain of 
collection, at 500 g for 10 min at room temperature, to obtain platelet- 
rich plasma (PRP). Platelet-poor plasma (PPP) was obtained by centrifu- 
gation of PRP at 4,000 g for 10 rain. PRP platelet counts were slightly, 
but significantly reduced (P <0.05) in the uraemic patients: 
350_+ 5.105/gl in normal subjects, 290_+ 6.105/gl in uraemic patients. 
Platelet aggregation was induced with collagen (Kollagen Reagents, 
Hormon Chemie, Munich, FRG) at a final concentration of 1 gg/ml or 
3 gg collagen/ml PRP. Platelet aggregation was determined in a 
Chronolog-Aggregometer. The apparatus was adjusted so that PRP and 
PPP produced 10% and 90% light transmittance, respectively. During 
aggregation, the changes in the transmittance of PRP were measured 
using a control of PPP obtained from the same patient. Using this meth- 

od, the disturbing effects of various plasma constituents (e. g. lipids) 
were avoided. Aggregating agent was added to PRP that had been stirred 
at 1000 rpm at 37 ~ C for 1 min. Aggregation curves were evaluated by a 
computer method and characterized in aggregation units (slop x ampli- 
tude). 

cAMP concentration in platelets. The concentration of cAMP was mea- 
sured in the platelets before and following aggregation [20]. Platelets 
were exposed and cAMP was released by cytolysis. During platelet 
preparation, the platelet cAMP was protected from cAMP-dependent 
phosphodiesterase (PDE) with a diluting buffer containing (in final con- 
centrations) 0.5 mM 3-isobutyl-l-methyl-xanthine, a specific PDE inhib- 
itor (Sigma, Poole, UK), 4 mM EDTA (Sigma) and 50 mM TRIS-HC1 
buffer (pH 7.5), and the mixture was centrifuged at 800 g for 10 rain at 
4 ~ C. The sediment was lysed in a hypotonic solution containing 4 mM 
EDTA, 8 mM theophylline (Sigma) and 20 mM TRIS-HC1 buffer 
(pH 7.5). For more complete exposure of the platelets, cytolysis was 
completed by boiling this mixture for 2 min in a hot water bath [20]. The 
protein-free supernatant was obtained by centrifugation for 30 rain at 
6,000 g in a refrigerated Janetzky K 24 centrifuge, cAMP was deter- 
mined in 50 gl of the supernatant of the lysed platelets with a cAMP- 
binding assay kit (Amersham TRK 432, Amersham, UK). The buffer 
used for the binding assay was the same as that used for cytolysis. 
Radioactive samples were measured in a Triton-toluene cocktail with a 
tritium programme with a Beckman LS 100C liquid scintillation counter. 

TXB2 measurements. TXB2 levels were measured by radio-immunoassay 
[21] in both controls and dialysed patients. This was carried out on 
aliquots of the supernatant after the measurement of platelet aggregation. 
The sensitivity of the method was 3 ng/ml. 

Statistical analysis. All platelet aggregation, cAMP and TXB2 studies 
were carried out in duplicate. Statistical analysis was performed with 
Student's t-test and the Spearman rank correlation test. The results of the 
groups are given in mean values _+ standard deviation. 

Results 

Platelet aggregation 

Platelets from uraemic patients, either dialysed or treated 
conservatively, displayed a significantly lower aggregabil- 
ity than those from controls (P <0.001). With 1 gg/ml col- 
lagen, the platelet aggregability of non-dialysed uraemic 
patients was 1,520+ 330 aggregation units (AU). Before 
HDA it was 905+457 AU, following HDA it was 
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Fig. 2. Changes in platelet cyclic AMP (cAMP) con-
centration. HD- vs controls, P <0.05; HDA vs con-
trols, P <0.05; HDB vs controls, P <0.05; post-dialy-
sis samples: before aggregation HDA vs controls 
P <0.05, HDB vs controls, P <0.05; following aggre-
gation (induced by 1 or 3 pg/ml collagen) HDB vs 
controls, P <0.05 

tion: C R F patients with conservative treatment 72.5 ± 28.9, 
before H D A 100.6 ±28 .4 , following HDA 44.5 ± 7 . 4 1 , 
before HDB 80 .2±21 .9 , following HDB 25.2 ± 16.1, con-
trols 35.5 ± 6 . 5 pM cAMP/109 platelets; at the end of plate-
let aggregation induced by 1 pg/ml collagen: CRF patients 
with conservative therapy 101.9 ± 3 7 . 3 , before HDA 
75.1 ± 2 0 . 8 , following HDA 5 6 . 7 ± 1 8 . 7 , before HDB 
8 8 . 9 ± 2 2 . 1 , following HDB 4 2 . 7 ± 1 8 . 9 , controls 
38.8 ± 5.1 pM/109 platelets. After 3 p.g/ml collagen admin-
istration: C R F patients with conservative management 
115.2 ± 3 7 . 5 , before HDA 90.7 ± 2 0 . 6 , following HDA 
86.5 ± 2 0 . 7 , before HDB 80.7 ± 2 2 . 4 , following HDB 
43.1 ± 20.4, controls 54 .0± 8.8 pM cAMP/10 9 platelet^Jn 
the non-aggregated platelets cAMP concentration 
decreased significantly following HDA and HDB 
(P < 0.05). A similar tendency was observed during HDB 
in the aggregated platelets (aggregation was induced by 
either 1 p.g/ml or 3 pg/ml collagen, P <0.05, Fig. 2). 

A significant negative correlation was observed in all 
groups between the aggregation value and the platelet 
cAMP concentration (r = - 0 . 7 , P <0.05). There was no 
significant correlation between the. results of serum PTH 
and platelet cAMP measurements. 

54 ± 4 5 0 AU; before HDB it was 1390 ± 4 5 4 AU, follow-
lg HDB it was 1750 ± 4 6 0 AU, and in the controls it was 
150 ± 5 8 0 AU. Similar results were obtained on 3 |ig/ml 
ollagen administration. The aggregability of non-dialysed 
raemic patients was 1704 ± 3 8 0 AU; before HDA 
1 0 ± 3 5 0 AU, following HDA 721 ± 2 5 4 AU, before 
1DB 1 3 6 3 ± 5 4 2 AU, following HDB 2 1 5 0 ± 8 3 2 A U , 
ad in the controls 4050 ± 7 6 1 AU In response to 1 pg/ml 
r 3 pg/ml collagen, a greater increase in platelet aggrega-
on was observed following HDB than following HDA, 
nd there was a significant difference between the post-
ialysis samples (HDB vs HDA, P <0.05). We observed a 
ignificant difference in platelet aggregability between the 
amples form non-dialysed and dialysed patients before or 
iter HDA (P <0.05, Fig. 1). 

There was no significant correlation between the serum 
T H values and the platelet aggregability in groups 1 
md 2. 

^latelet cAMP concentrations 

rhe platelet cAMP concentration was significantly higher 
n uraemic patients (conservative treatment, before HDA 
ind HDB), than in the controls (P <0.05). Before aggrega-

Platelet TXBi release 

^XB2 formation by platelets in response to 3 jig/ml colla-
g e n was measured in the dialysed (HDA,_HDB) and con-
trol groups (n = 6 and 10, respectively), f h e results for 
uraemic patients were: before HDA 38.7 ± 18.2 ng/ml, fol-
lowing H D A 4 3 . 4 ± 2 7 . 6 ng/ml, before HDB 56.5 ± 2 8 . 9 
ng/ml, following HDB 72 .4±28 .2 ng/ml. and in the con-
trols 1 1 2 . 1 ± 29.1 ng/ml. There was a significant difference 
between the values for pauents and controls (P <0.01)- The 
level of TXB 2 released from the aggregating platelets was 
increased more after HDB than after HDA, but the differ-
ence was not significant (Fig. 3). The correlation coeffi-
cient for the platelet aggregability and the T X B 2 level was 
0.67 (P <0.05). A negative correlation was observed be-
tween the platelet cAMP and TXB 2 levels (r = -0 .60 , 
P <0.05). There was no signifies nt correlation between the 
serum PTH and platelet TXB2 . 

Discussion 

The dysfunction of platelets is one of the major contribut-
ing factors in the haemorrhagic tendency of patients with 
CRF. The platelet aggregation in response to a variety of 
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single agents is reduced [22, 23]. These abnormalities are 
partially and transiently corrected in some cases after either 
HD or peritoneal dialysis [24, 25]. Therefore, it has been 
assumed that an inhibitor with low molecular weight is 
present in these patients. Individual studies suggest that the 
inhibitor might be guanidinosuccinic acid [12], phenolic 
acids [11], urea [3], or a combination of these [26]. Di 
Minno et al. [14] found that uraemic platelets have a defec-
tive aggregation, and they appear to release arachidonic 
acid from phospholipids abnormally after stimulation with 
some agents. However, the metabolism of exogenous ara-
chidonic acid and the response to its metabolites are nor-
mal. There is also a modest reduction in the storage pool of 
adenine nucleotides. Dialysis resulted in partial correction 
of the abnormalities of aggregation and the arachidonic 
acid metabolism. However, it did not alter the storage pool 
defect. 

In our study the platelets from dialysed or non-dialysed 
uraemic patients showed a significantly higher cAMP, a 
lower TXB2 and a lower aggregability than those from the 
controls. These results are consistent with observations that 
in CRF patients the platelet cAMP is increased [15]. This 
elevation may contribute to the defective aggregation re-
sponse. The lower level of platelet TXB2, also observed by 
Di Minno et al. [14], suggests a decreased release of arachi-
donic acid from platelet phospholipids in uraemic patients. 
Although the stimulation of platelets by aggregating agents 
is usually accompanied by a decrease in cAMP [27], in our 
patients (following 1 or 3 |ig/ml collagen) the pre-dialysis 
HDA samples exhibited only a slightly lower cAMP con-
tent than before the addition of collagen. The platelet 
cAMP decreased more markedly after HDB than after 
HDA, and a greater increase was observed in platelet 
aggregation and TXB2 formation after HDB than after 
HDA. The possible reason for the different results may be 
that acetate is a weak acid, and in protonated form it is lipid 
soluble. It behaves as an uncoupling agent and prevents the 
phosphorylation of ADP to ATP, and possibly decreases 
the electrochemical potential on the internal mitochondria 
[28]. In platelets experimental control is required. 

Lindsay et al. [10] demonstrated that platelets from 
patients with CRF aggregate normally in response to ADP 
as long as the serum creatinine level is less than 530 |iM. 
The platelet aggregation was found to be impaired in 
patients with a more severe renal insufficiency. We have 
demonstrated that the platelet aggregability might be seri-
ously impaired at a lower level of serum creatinine (aver-
age 480 pM) and the cAMP could be as high as in the 
dialysed patients with a higher level of serum creatinine. 
This might reflect the multifactorial origin of uraemic 
thrombocytopathy. In this respect we should take into ac-
count the possible role of concomitant hyperlipidaemia 
seen in dialysed uraemic patients, especially in view of the 
specific receptors on the platelets for lipoproteins [29,30]. 
The picture is more complicated as regards the possible 
platelet activation induced by dialysis membrane [31] or 
heparin [32], 

At the time of the study our patients had secondary 
hyperparathyroidism. It has been found that PTH inhibits 
platelet aggregation induced by ADP, arachidonic acid and 
calcium ionophore [27], Since all these inducers are 

believed to affect the platelet function by altering the plate-
let level of cAMP and/or calcium, it was hypothesized that 
PTH interferes with the platelet function by the stimulation 
of adenyl cyclase and by the augmentation of intracellular 
cAMP. However, a recent study found no correlation be-
tween the impaired platelet aggregation and secondary hy-
perparathyroidism in uraemic patients [17]. Moreover, the 
platelet aggregation was found to be more altered in 
uraemic patients on conservative treatment than in patients 
on chronic HD, in spite of the higher blood PTH levels in 
the latter. In the patients of Docci et al. [17], treatment with 
1,25 (OH)2 vitamin D3, which should normalize the ele-
vated intraplatelet calcium level, did not ameliorate the 
platelet dysfunction, thereby indicating that PTH can ag-
gravate uraemic thrombocytopathy, but is probably not the 
main factor which determines it. In our study, the patients 
in group 1 had a much higher level of PTH than those in 
group 2 (non-dialysed uraemic patients), but the platelet 
cAMP and the aggregability, particularly before and after 
HDB, did not differ significantly from the results in 
group 2. These observations seem to confirm that there is 
no correlation between the serum PTH level and the degree 
of disturbance of the biochemistry and aggregation c r 

uraemic platelets. 
' Our results demonstrate that platelets from dialysed or 

non-dialysed uraemic patients display a significantly 
1 higher cAMP, a lower TXB2, and a lower aggregability 

than the controls. The role of PTH, in spite of the signifi-
cant increase, seem to be less important. During HDB, the 
platelet cAMP level decreased more markedly than during 
HDA and greater increases were observed in platelet 
aggregation and TXB2 formation following HDB. Further 
studies are required to compare the effects of HDB and 
HDA on intracellular calcium changes, ATP release and 
arachidonic acid production. 
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Reduction of albuminuria after angiotensin converting enzyme inhibition in various 
renal disorders 

Jan Kurkus and Hans Thysell 

The urinary albumin excretion measured by the a lbumin creatinine clear-
ance ratio (Calb/Ccreat) and the mean supine arterial blood pressure 
( M A P ) were studied before the start of A C E inhibition, at the start and 
during up to I year of ACE inhibition with Captopril or Enalapril in 
35 patients with various chronic proteinuric renal disorders with or 
without renal failure, arterial hypertension and nephrotic syndrome. 
Before the start of A C E inhibition mean Calb/Ccreat . MAP. s-ablumin 
and s-creatinine did not change. During A C E inhibition the Calb/Ccreat 
w a s reduced f rom 759F (/> <0.05) in patients with minimal albuminuria to 
419'r (/: <0.005) in patients with extensive albuminuria. Average reduc-
tion of albuminuria was 4491- at one yea r ' s observation time. Serum 
albumin increased 99r (/> <0.05). serum creatinine did not change signif-

icantly and M A P showed a slight, not un i formly significant decrease. 
The reduction of Calb/Ccreat was of the same o rde r in the different renal 
d isorders studied and was independent of the renal funct ion, presence or 
absence of nephrotic syndrome and treatment with antihypertensive or 
immunosuppress ive drugs. The decrease in Calb/Ccreat during ACE 
inhibition was related to the reduction in M A P at most t ime intervals, but 
Calb/Ccreat decreased also when M A P was unchanged or increased. 
T h u s the decrease in Calb/Ccreat during A C E inhibition does not only 
seem to be a consequence of a decrease in the systemic arterial blood 
pressure but reasonably also due to changes in the intra-renal hemody-
namics and most probably a decrease in the g lomeru la r capillary pres-
sure. 





Nephrol Dial Transplant (1998) 13: 1604-1611 

Letters 

Nephrology 
Dialysis 

Transplantation 

Increased platelet thromboxane release in focal 
segmental glomerulosclerosis 

Sir, 
I t-has remained an unanswered question as to whether 
minimal change nephrotic syndrome (MCNS) and focal 
segmental glomerulosclerosis (FSGS) are different entities or 
merely different manifestations of one disease. There are 
significant dissimilarities in the course of the disease and in 
the effectiveness of the treatment of MCNS and FSGSA 

We recently reported our findings on the platelet function 
in children with different forms of nephrotic syndrome [1], 
There were increases in platelet aggregation, thromboxane 
B, (TXB2) release and ATP release and a decrease in the 
cAMP concentration in the platelets. We concluded that this 
increased platelet activation may play a role in the pathogen-
esis of nephrotic syndrome. Oral prednisolone and plasma 
lipids did not change the platelet function significantly. We 
found a moderately higher in vitro platelet aggregation in 
FSGS than in MCNS, but statistically it was not significant. 
Nevertheless, we did not compare these disease groups as 
concerns the platelet TxB, release and cAMP concentration, 
mainly because of the small number of FSGS patients. We 
have now repeated such examinations, focusing on a compar-
ison of the platelet TxB2 release and cAMP concentration in 
FSGS and MCNS with nephrotic syndrome and with early 
remission. 

Sixteen patients (pts) with FSGS (eight adult and eight 
paediatric pts) and 27 children with MCNS (12 in relapse 
and 15 in remission) were investigated. At the time of the 
study, patients with clinical symptoms were within 3 months 
after kidney biopsy. Of the controls, 12 were adults (aged 
31+5.0 years) (Control adult) and 15 were children from 
the orthopaedic clinic (Control paed). None of the patients 
had renal or extrarenal thrombosis. The patients with MCNS 
in relapse or in FSGS had a urinary protein excretion level 
of > 3 g/24 h and a plasma albumin concentration of 
20 + 3 g/1 (x + SD). All patients with MCNS in relapse 
received 60 mg/m2 prednisolone, and those with FSGS 
received 2 mg/kg/day cyclophosphamide with 35 mg/m2 

prednisolone on alternate days. The patients with MCNS in 
remission had no proteinuria (< 1 month), their plasma 
albumin concentration was 28 ±2.5 g/1 and they were on a 
tapering dose of prednisolone. None of the patients were 
given non-steroidal antiinflammatory drugs, albumin, or 

blood transfusion within the 2 weeks prior to the study. 
Neither the patients nor the controls received any medication 
known to affect the platelet function. The study was approved 
by the University Research Ethical Committee. 

Platelet aggregation was studied by laser aggregometry, 
platelet thromboxane B2 (TxB2) levels by radioimmunoassay, 
and cyclic AMP (cAMP) levels by binding assay [1], 

The platelet aggregation was significantly higher in all 
patient groups compared with the age-matched controls 
(P<0.01 and /><0.05). The platelet TxB2 release was also 
significantly higher in all patients compared with the controls 
(FSGS: P<0.01, MCNS rel. and MCNS rem.: /><0.05). 
The correlation coefficient for the platelet TxB2 release and 
platelet aggregation was 0.63 (P<0.05). 

Nevertheless, the TxB2 release was significantly higher in 
the FSGS than in the MCNS rem. or MCNS rel. pts 
(P<0.01). Platelet cAMP concentrations were significantly 
lower in all patient groups than in the controls (PcO.Ol). A 
significant negative correlation was observed between the 
platelet cAMP concentration and the platelet aggregation 
(r= -0.62, P<0.05) and between the platelet cAMP and 
the TXB2 release (r= -0.60, P<0.05). 

The increased platelet aggregability and TxB2 release sug-
gest that these abnormalities may be involved in the patho-
genesis of both FSGS and MCNS. Platelet TxB2 is 
significantly higher in FSGS than in MCNS, which may have 
an impact in the progression of glomerular damage by an 
increased vasoconstriction and intraglomerular pressure. 
Intraplatelet cAMP is a regulator of platelet activity by 
inhibiting Ca release from the cytosol [2]. An increased 
production of cAMP results in a diminished adhesion and 
aggregation ability in the platelets. In our FSGS and MCNS 
pts, the inhibitory effect of cAMP on platelet activation is 
decreased by a reduction of it's platelet concentration. 

Interestingly, the pts with MCNS in remission still had 
platelet disorders. Koyama et at. [3] reported a vascular 
permeability factor, a postulated lymphokine, which induces 
nephrotic syndrome by impairing the GBM anionic charges. 
This factor impairs not only GBM permeability, but also 
other cell membranes, as presumed by Levin et al. [4] and 
Boulton-Jones et al. [5]. If this factor impairs the platelet 
function and still remains functional shortly after the pro-
teinuria remission obtained with corticosteroids, this could 
explain our findings. 

Table 1. Platelet function in nephrotic syndrome 

FSGS (A + P) MCNS Rel. MCNS Rem. Cont. A Cont P 

Number of pts 
Platelet aggr. 

( + S D ) AU 
Platelet TxB2 

( ± SD) ng/ml 
Platelet cAMP 

( + S D ) pmol/109 plat. 

16 

28 700 + 3810** 

17.1+2.2** 

14.1 +2.9** 

12 

26954 + 3016** 

12.1+3.4* 

12.1+3.4** 

15 

25 537 + 3165* 

11.9 + 2.9* 

11.7 + 2.7** 

12 

19 898 + 3206 

7.1 + 1.6 

26.8 + 4.8 

15 

18648 + 3165 

6.9+1.8 

25.5 + 2.1 

A: adult, P: paediatric, FSGS: focal segmental glomerular sclerosis, MCNS: minima! change nephrotic syndrome, AU: Aggregation Units, 
TXB2: thromboxane B2, CAMP: cyclic AMP, *: P<0.05 , **: PcO.Ol. 

© 1998 European Renal Association-European Dialysis and Transplant Association 
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Failure of cyclosporine A in controlling Schoenlein-
Henoch purpura 

Sir, 
The treatment of Schoenlein-Henoch purpura (SHP) is still 
under debate. It has been suggested [1,2] that pulse doses of 
i.v. methylprednisolone followed by oral steroids may be 
beneficial. Schmaldienst el al. [3] recently suggested that 
treatment with cyclosporine A (CyA) permitted steroid with-
drawal and remission of severe nephrotic syndrome in a 
patient with SHP. We report on a patient with SHP who 
was treated with prednisone and CyA, but never became 
steroid-independent and eventually died due to massive reoc-
currence of the acute vasculitic syndrome. 

A 64-year-old man (90 kg, height 176 cm) was admitted 
due to acute renal failure and a purpuric rash. He was an 
ex-smoker and hypertensive. In 1993, he suffered a myocard-
ial infarction and non-insulin dependent diabetes mellitus 
was diagnosed. After two more years, he had anaphylactic 
shock with macrohaematuria and purpura in the lower limbs 
secondary to cefriaxone. A skin biopsy was suggestive of 
leucocytoclastic purpura. Two years later, he presented with 
right lower lobe pneumonia, which was successfully treated 
with i.v. ceftazidime. However, he developed a purpuric rash 
involving the lower extremities and within 2 weeks, serum 
creatinine increased from 1.5 to 8.6 mg/dl (132-757 pmol/1). 
He became oliguric and was then transferred to the renal 
unit on 22 April, 1997. The erythrocyte sedimentation rate 
(ESR) was 121, C reactive protein (CRP) 56mg/l (normal 
reference values <5mg/l), serum IgA 850 mg/dl (normal 
reference values <300). ANCA were negative. Urinalysis 
showed >100 rbc/mf and proteinuria 100 mg/dl. Renal 
histopathology was suggestive of SHP with mesangial prolif-
eration and IgA deposits in the mesangium, but without 
crescents. The patient was treated with three boluses of 1 g 
methylprednisolone (MP) daily for 3 days followed by 
prednisone 100 mg daily. The purpuric rash improved dra-
matically, the diuresis improved, whilst serum creatinine 
decreased to 2.5 mg/dl 13 days later. Unfortunately, the 
patient's insulin requirement became erratic and it was 
necessary to treat him with multiple insulin injections. In 
order to improve control of the diabetes, the prednisone dose 

was rapidly reduced to 75 mg every other day. The patient 
then developed macrohaematuria and fever which persisted 
for 1 week and the ESR increased to 100 mm. We then 
decided to administer a second course of MP at 250 mg daily 
for 3 days followed by prednisone 100 mg daily. Once again 
the patient became apyretic and the macrohaematuria disap-
peared, whilst the diabetic control became more difficult. At 
this point, proteinuria was 5-7 g/day and 150 mg CyA b.d. 
was added to his regime. Proteinuria decreased to 1 g/24 h, 
whilst serum creatinine was stable ~2.0 mg/dl (176 pmol/1), 
ESR was 20 mm and CRP 3.5mg/l. The CyA dose was 
reduced to 75 mg b.d. in order to maintain a trough CyA 
level between 100 and 150 pg/1. He was apyretic and no 
macrohaematuria was present. However, control of the dia-
betes was difficult and the patient complained of marked 
astenia. Again we reduced the prednisone dose to 90 and 
then 80 mg daily. On 17 July 1997, he was re-admitted with 
oliguria and a new purpuric rash on the lower extremities. 
Serum creatinine was 2.9 mg/dl (253 pmol/1), ESR was 
94 mm and CRP 79 mg/1. We started a third course of MP 
500 mg daily for 3 days followed by prednisone 75 mg daily. 
Again diuresis improved and at discharge on 12 August, 
ESR was 37 mm, CRP was 3.5 mg/1, serum creatinine 
1.5 mg/dl (132 pmol/1) and proteinuria ~1 g/24 h. CyA was 
continued. 

The patient, a doctor, was convinced that his poor physical 
state was due to the steroid therapy. He requested care in 
another hospital where the prednisolone was reduced to 
50/75 mg on alternate days from 22 August. A review of the 
clinical records showed that from 1 September 1997, the 
ESR and CRP began to rise steadily and the purpuric rash 
reappeared on 25 August. On 17 September, the patient 
became oliguric, CRP was 127 mg/1 and ESR 68 mm. 
Another course of MP 250 mg daily was tried but the 
patient's condition failed to improve and he returned to the 
renal unit. On admission, he looked very unwell, anuric, 
polypnoic and oedematous. ESR was 109 mm, CRP 199 mg/1 
and BP was 80/60 mmHg. Haemodialysis and plasmapheresis 
were tried, but were discontinued since the patient became 
severely hypotensive and eventually died. A post mortem 
examination was not performed at the relatives' request. 

Recently, Schmaldienst et al. [3], reported that treatment 
with CyA permitted steroid withdrawal and remission of a 
severe nephrotic syndrome in a patient with SHP. In our 
case, chronic CyA treatment failed to control the unfavour-
able evolution of SHP, even though it was apparently 
associated with a decrease in proteinuria. In spite of chronic 
treatment with CyA, each reduction of the prednisone dose 
appeared to be associated with reacutization of SHP and the 
patient died due to extensive reoccurrence of the acute 
vasculitic syndrome. The acute episode may have been trig-
gered by the reduction of the steroid dose. This patient had 
two relapses while on CyA treatment when the prednisone 
dose was reduced to ~75mg/day and, therefore, the CyA 
did not have a steroid sparing effect. Based on the experience 
of our case, the favourable development reported by 
Schmaldienst et al. [3], may have been a spontaneous remis-
sion rather than secondary to CyA therapy. However, the 
CyA treatment may have had a positive effect on the 
proteinuria. In any case, the role of CyA treatment in 
vasculitides is still under debate [4,5] and a controlled trial 
is necessary to determine whether CyA is beneficial in SHP. 

Unita' Operativa di Nefrologia e Carlo Catalano 
Dialisi F. Fabbian 
Monselice (Padova), Italy V. Bordin 

D. Di Landro 
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ABSTRACT. Platelet function was studied in 56 children with nephrotic syndrome, 33 were on oral 
prednisolone (P) treatment (group 1), while 23 were in early (< 6 months) remission (group 2): 12 on P (group 
2a) and 11 not on P (group 2b), and there were 18 controls (group 3). The following tests were used: platelet 
aggregation with collagen in a laser rheoaggregometer; adenosine triphosphate (ATP) release: during 
aggregation with luciferin-luciferase in a lumiaggregometer; thromboxane B, (TXB2) release: by radio-
immunoassay; platelet cAMP concentration: by binding assay. The changes in plasma cholesterol (C) and 
triglycerides (TG) were compared with the platelet aggregation results. Patients in group 1 and 2 exhibited 
significantly higher aggregability, TXB2 release and ATP release in response to collagen than those in group 3 
(p < 0.01), but there was no difference between groups 1 and 2 or groups 2a and 2b. Some differences were 
observed between the histological groups. Patients with IgA and SLE nephropathy displayed higher 
aggregability than those with minimal change nephrotic syndrome in remission (p < 0.05). The highest level 
was in membranous nephropathy. The platelet cyclic adenosine monophosphate (cAMP) concentration was 
significantly lower in groups 1 and 2 than in group 3 (p < 0.001). No differences were observed between groups 
1 and 2 or between groups 2a and 2b. Plasma C and TG levels did not show any correlation with the platelet 
aggregation. The increased platelet aggregation, TXB2 release and ATP release and decreased cAMP 
concentration in the platelets may play a role in the pathogenesis of nephrotic syndrome which remains altered 
in early remission. Oral P and plasma lipids did not change the platelet function significantly. 

PROSTAGLANDINS LEUKOTRIENES 
AND ESSENTIAL FATTY ACIDS 

Prostaglandins Leukotrienes and Essential Fatty Acids (1994) 51, 69-73 
© Longman Group Ltd 1994 

INTRODUCTION 

Several abnormalities in both coagulation and fibri-
nolytic systems have been observed in many patients 
with nephrotic syndrome. The clinical implications of 
these changes are not clear although they result in a 
hypercoagulable state with an increase in thromboem-
bolic problems. Renal venous thrombosis is much rarer 
in children (1) than in adults (2-4), which may be ex-
plained, at least in part, by the difference in frequency 
of the various underlying glomerular lesions. 

Although the number of platelets in patients with 
nephrotic syndrome is normal, or increased (2, 5, 6), 
abnormalities in platelet function have been described. 
The spontaneous aggregation of platelets and aggrega-
tion in response to collagen and adenosine diphosphate 
(ADP) are increased (2, 5). In children with nephrotic 
syndrome in relapse. Bang et al (5) found that the degree 
of platelet dysfunction was correlated with the degree of 
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proteinuria and the degree of hypoalbuminaemia. It was 
suggested that hypoalbuminaemia in nephrotic children 
causes the increased platelet aggregation. 

In glomerular disease, an increased platelet aggrega-
tion is frequently caused by the production of platelet 
activating factor (PAF), and therapy with a specific PAF 
receptor antagonist has prevented or reduced proteinuria 
(7). Similar results were observed in adriamycin neph-
ropathy (8). In membranous nephropathy, a significant 
positive correlation was detected between the urinary 
excretion of PAF and proteinuria (9). This suggests a 
key role for PAF in the pathogenesis of experimental 
glomerular diseases. Steroids appear to act as thrombo-
genic factors by accelerating thrombocytosis and hyper-
lipidaemia and by reducing plasma fibrinolysis in 
children with minimal change nephrotic syndrome 
(MCNS) (10). During aggregation, the platelets release 
serotonins and thromboxane (TX), which further increase 
platelet aggregation and vasoconstriction, resulting in 
more profound changes in the glomeruli. Adenosine 
triphosphate (ATP) release is an indicator of platelet 
function, which changes with platelet aggregation (11). 
Intraplatelet cyclic adenosine monophosphate (cAMP) 
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is a regulator of platelet activity by inhibiting Ca release 
from the cytosol (12). 

The aim of the present study was to investigate in 
vitro platelet aggregation, ATP release, TX release and 
cAMP concentration in children with nephrotic syndrome 
in relapse and in early remission. A further aim was to 
study the effects of the type of glomerular lesions, of 
steroid therapy and of hyperlipidaemia on the platelet 
function. 

MATERIALS AND M E T H O D S 

57 patients with nephrotic syndrome (28 boys and 29 
girls, aged 4—17 years) and 18 age- and sex-matched 
controls were studied. 34 patients were in relapse 
(urinary protein > 3 g/24 h, plasma albumin 20 ± 3 g/1 
x ± SD) and 23 were in early (< 6 months) remission 
(urinary protein 0, plasma albumin 26 ± 2 g/1). Histo-
logical examination indicated that 25 children had 
MCNS, 9 had focal segmental glomerular sclerosis 
(FSGS), 6 had membranoproliferative glomerulone-
phritis (MPGN), 6 had IgA nephropathy (IgAGN), 7 had 
systemic lupus erythematodes (SLE) and 4 had membra-
nous nephropathy (MGN). One patient with MGN had a 
history of unilateral renal venous thrombosis 8 months 
before the study, and was on 60 mg/m2 prednisolone (P) 
daily. None of the other patients were known to have 
renal or extrarenal thrombotic complications. All patients 
in relapse received 0.5 mg/kg P every second day as part 
of an immunosuppressive treatment with chlorambucil 
or azathioprine. or 1 mg/kg P monotherapy every other 
day in MCNS. 12 patients in remission were still on a 
tapering dose of P and 11 received no therapy (Table 1). 

None of the patients were given non-steroidal anti-
inflammatory drugs, albumin or blood transfusion in the 
2 week period prior to the study. Neither patients nor 
controls received any medication known to affect the 
platelet function. The study was approved by the Univer-
sity Research Ethical Committee. 

Table 1 Histological distribution of patients with nephrotic 
syndrome 

Ns in remission Ns in relapse 

MCNS 
Prednisolone + 7 11 
Prednisolone - 7 — 

FSGS 
Prednisolone + - 9 

MPGN 
Prednisolone + - 5 

IgAN 
Prednisolone + 1 2 
Prednisolone - 3 _ 

SLE 
Prednisolone + 4 3 

MGN 
Prednisolone + - 3 
Prednisolone - 1 -

23 33 

Blood samples (9 ml) from a peripheral vein were 
collected in plastic tubes containing 1 ml 3.8% trisodium 
citrate, within 30 min of collection. Citrated blood was 
centrifuged at 500 g for 10 min at room temperature, to 
obtain platelet-rich plasma (PRP). Platelet-poor plasma 
(PPP) was obtained by centrifugation of PRP at 4000 g 
for 10 min. The PRP platelet count was adjusted to 
300 ± 10 x 105/|+1. 

Platelet aggregation was carried out with a laser 
rheoaggregometer (Servibio, Meudon, France (13), 
using collagen stimulation (Kollagen reagents, Hormon 
Chemie, Munich, Germany) at a final concentration of 
2 (ig/ml PRP. The slope and the amplitude of the platelet 
aggregation curves obtained with transmitted light and 
diffused light simultaneously were estimated by com-
puter analysis. The results of platelet aggregation were 
expressed in aggregation units (AU = slope x amplitude 
of platelet aggregation curve). 

ATP release from the platelets during aggregation was 
studied with a Chronolog Lumiaggregometer. A parallel 
PRP sample (350 p.1) was investigated by using luciferin 
as substrate and luciferase as enzyme (30 p.1) (Luciferin-
luciferase Sigma Poole UK) (11). The amount of ATP 
released from the platelets during aggregation stimulated 
by collagen was estimated from a comparison of the 
peak of the curve obtained by addition of 20 ng ATP 
(ATP Sigma Poole, UK) to a mixture of 350 pi 0.9% 
NaCl and 30 pi luciferase-luciferin. The ATP release 
was expressed in ng/ml. The sensitivity of the method is 
0.5 ng/ml. 

CAMP concentration in platelets. The concentration of 
cAMP in the platelets was measured following aggrega-
tion (14). Platelets were lysed and cAMP was released 
by cytolysis. During preparation, the platelet cAMP was 
protected from cAMP-dependent phosphodiesterase 
(PDE) with a diluting buffer containing (in final concen-
tration) 0.5 mM 3-isobutyl-l-methylxanthine (Sigma, 
Poole, UK) a specific PDE inhibitor and the mixture was 
handled as described elsewhere (14, 15). CAMP was 
determined in 50 pi of the supernatant of the lysed 
platelets with a cAMP binding assay kit (Amersham 
TRK 432, Amersham, UK) (15). 

TXB2 measurements. TXB2 levels in both controls and 
patients were measured by radioimmunoassay (16) on 
aliquots of the supernatant after the measurement of 
platelet aggregation. The sensitivity of the method was 
3 ng/ml. 

Plasma cholesterol and triglyceride (TG) measure-
ments were carried out by standard methods. 

Statistical analysis. All platelet aggregation, ATP, cAMP, 
TXB2 and lipid measurements were carried out in dupli-
cate. Statistical analysis was performed with a paired 
t-test and the Spearman rank correlation test. The results 
for the groups are given as mean values ± standard 
deviations. 
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RESULTS 

Platelet aggregation. In vitro laser aggregometer studies 
revealed significantly higher diffusion and transmission 
results for platelets from nephrotic patients than for 
those from the controls (p < 0.01). There was no signifi-
cant difference between the groups in remission and in 
relapse (Fig. 1). 

A significant positive correlation between the dif-
fusion and transmission values was observed in the 
nephrotic groups (r = 0.85, p < 0.05) (Fig. 2). The plate-
let aggregation results demonstrated significantly higher 
aggregation for all the different histological subgroups 
than for the controls (p < 0.01). The number of patients 
with MGN was low for statistical analysis although 
these patients displayed the highest platelet aggregability 
amongst the nephrotic children. The transmission values 
were significantly higher for the platelets from patients 
with IgA and SLE nephropathies than for those from 
MCNS patients in early remission (p < 0.05). Similarly, 
the diffusion values were higher in IgAGN and SLE than 

Table 2 
patients 

Laser aggregometer studies with platelets from nephrotic 

Fig. 1 Platelet aggregation measurements in nephrotic patients with 
laser aggregometer. NS rem: nephrotic syndrome in remission, NS 
rel: nephrotic syndrome in relapse. § | x, | | ±SD 

Transmission: NS rem and NS rel - controls: p < 0.01. Diffusion: 
NS rem and NS rel - controls: p < 0.001. 

5 1 0 1 5 2 0 
TRANSMISSION: Aggr Unit (Thousands) 

(Thousands) 

Fig. 2 The correlation of diffusion and transmission values obtained 
with laser aggregometer in nephrotic children, r = 0.85, p < 0.05. 

Platelet aggregation (Aggregation Unit) 
Dg n Diffusion Transmission 

MCNS in remission 14 27 185 ± 3705 11 722± 1006 
in relapse 11 26 913 ±3146 12 456 ± 1503 

FSGS 9 31 409 ±5886 12 916 ± 1012 
MPGN 5 29 325 ± 4148 12 572 ± 2116 
SLE 7 31 873 ±3194 15 657 ± 2420 
MGN 4 40 574 ± 3070 16 419 ±954 
Controls 18 19 898 ± 3206 9769 ±918 

in MCNS, although the differences were not significant 
(Table 2). 

Platelet ATP release. Platelets from nephrotic patients 
either in relapse or in remission released significantly 
more ATP than those from the controls (p<0.01). A 
higher ATP release was observed in relapse than in 
remission, and in the remission group without P than 
in the group taking P, but the differences were not sig-
nificant. A significant positive correlation was found 
between the ATP release and the diffusion (r = 0.68, 
p < 0.05) and between the ATP release and the trans-
mission results (r = 0.65, p < 0.05) (Table 3). 

Effects of lipids on platelet aggregation. Although the 
platelet aggregability was similar in nephrotic patients in 
relapse and in early remission, the plasma cholesterol 
and TG levels were significantly higher in relapse than 
in remission or in the controls (p < 0.05). No correlation 
was observed between the plasma or TG level and the 
platelet aggregation results (Fig. 3). 

Platelet cAMP concentration. The platelet cAMP con-
centration was significantly lower in the nephrotic 
patients than in the controls (p<0.01) . There was no 
significant difference between remission and relapse or 
between the steroid treated and non-treated patients in 
remission (Table 3). A significant negative correlation 
was detected between the platelet cAMP concentration 
and the diffusion results obtained with platelet aggrega-
tion (r = 0.64, p < 0.05). 

Platelet TXBZ release. TXB : formation by the platelets 
in response to collagen was significantly higher in the 
nephrotic patients than in the controls (p<0.01) . No 

Table 3 Platelet cAMP concentration. ATP release and TXB, 
release in nephrotic patients 

n ATP release cAMP pmol TXB, 
ng/ml cAMP/109 ng/ml 

platelets 

Nephrotic syndrome 
in relapse 33 100.9 ±28.4 12.1 ±3.4 13.2 ± 1.9 
in remission 22 92.2 ± 18.9 11.9 ±2.9 13.0 ±2 .1 
Prednisolone+ 12 84.4 ± 12.6 12.2 ± 2.7 12.1 ± 1.8 
Prednisolone- 11 97.5 ± 11.0 11.7 ±2 .8 14.2 ± 2.2 
Controls 18 34.2 ± 10.4 25.5 ±2.1 6.9 ± 1.8 
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Ns.rel. Ns.rem. Ns.rel. | Ns.rem. 

Fig. 3 The comparison of changes in platelet aggregation and 
plasma lipids (cholesterol and TGs) of nephrotic patients with relapse 
and early remission. | platelet aggregation (diffusion), ̂  lipids 

Cholesterol and TGs: NS rel (nephrotic syndrome in relapse) -
controls and NS rem (nephrotic syndrome in remission): p < 0.05. 

significant difference was observed between the results 
for the subgroups of nephrotic patients. 

The correlation coefficients for the platelet TXB2 

release and the diffusion and also the transmission 
values obtained from platelet aggregation were 0.68 and 
0.67, respectively (p < 0.05). A negative correlation was 
detected between the platelet cAMP and TXB2 levels 
(r = -0.63. p < 0.05) (Table 3). 

DISCUSSION 

A number of haemostatic parameters change in neph-
rotic syndrome. Increases have been found in factors I, 
II, XII, VIII, and X, due to increased hepatic synthesis 
(2, 3, 6, 17) accompanying the increased synthesis of 
albumin and lipoproteins. There is a urinary loss of anti-
thrombin II, whose molecular weight is similar to that 
of albumin (2, 18). The plasma fibrinogen level is 
increased (2, 3), as are the plasma concentrations of the 
anticoagulant protein C and protein S. Antithrombin III 
plays a major role in prevention of the intravascular 
deposition of fibrin. These findings of increased or de-
creased levels of various factors involved in the coagula-
tion process do not necessarily imply a corresponding 
clinical disorder in coagulation. 

The role of increased platelet aggregation in the 
pathogenesis of nephrotic syndrome is not completely 
understood. Important differences may exist according 
to the type of the glomerular lesions. MGN is the most 
frequent glomerulonephritis in adults, and it is also the 
lesion in which thrombosis is most common (17). 
Conversely, MCNS is the lesion least often complicated 
by thrombosis. Cameron (4) found no cases of renal 
venous thrombosis in MCNS, whereas Llach (3) found 
a 40% occurrence in MGN. In a survey of 155 nephrotic 
patients with renal venous thrombosis (19), 57% had 
MGN and 6% had MCNS. Diffuse mesangiocapillary 
glomerulonephritis is also associated with thrombosis 

but is only one-third as frequent as MGN. Like patients 
with MCNS, those with FSGS have this complication 
only rarely. Of the secondary causes of nephrotic syn-
drome, thrombosis is seen often in SLE, diabetes 
mellitus and amyloidosis (17). 

Intraglomerular fibrin depositions and thrombosis 
may play an important role in the onset of glomerular 
sclerosis (20, 21). The importance of glomerular fibrin 
formation is emphasized by the beneficial effects of anti-
coagulant or antiplatelet drugs, which in some studies 
markedly reduced the severity of lesions and functional 
impairment in treated animals (22, 23). 

In our laser aggregometer study, both transmission 
and diffusion methods revealed an increased in vitro 
platelet aggregability of platelets from nephrotic syn-
drome patients. The transmission data showed that 
patients with IgA and SLE nephropathies have a signifi-
cantly higher platelet aggregability than those with 
MCNS in early remission, while no difference in platelet 
aggregation could be detected between MCNS patients 
in remission and in relapse. The highest level of plate-
let aggregation was observed in MGN patients, one of 
whom had unilateral renal venous thrombosis. 

Abnormalities in the prostaglandin system may con-
tribute to the enhanced platelet aggregation. Albumin 
is involved in the transport of arachidonic acid. With 
hypoalbuminaemia, more free arachidonate is available 
to platelet cyclooxygenase, permitting an increased 
synthesis of TX, thereby fostering the aggregation of 
platelets (4). An increased platelet aggregation in re-
sponse to arachidonic acid infusion has been demon-
strated in platelets from nephrotic syndrome patients; 
this is normalized by the addition of albumin (2). Our 
study demonstrated an increased TXB2 release from the 
platelets of nephrotic patients either in relapse or in 
early remission, when no proteinuria was detected and 
the serum albumin level was undergoing normalization. 
Our patients did not receive an albumin infusion. This 
means that in the early phase of remission the increased 
TXB2 production continues until the enhanced serum 
albumin or other regulatory mechanism reduces it. The 
increased TXB2 level in remission was compatible 
with the increased aggregation results and the increased 
ATP release during aggregation. In nephrotic children, 
Ueda et al (10) observed the hyperaggregation of plate-
lets in response to ADP, with no relationship to serum 
albumin concentration. On the other hand, the cAMP 
concentration of platelets from our patients with neph-
rotic syndrome was reduced. This may imply that, apart 
from the serum albumin level, an intraplatelet mecha-
nism could play a role in the behaviour of the platelets 
in nephrotic syndrome patients allowing Ca release 
from the cytosol, which results in platelet activation. 

The effects of steroid therapy and hyperlipidaemia on 
the coagulation system and platelet function are not 
completely clear. The fluctuations in AT III levels in 
childhood nephrotic syndrome are determined by the 
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response to steroids (24). In remission induced by P, 
the platelet count and cholesterol, alpha 2 M, alpha 2 P, 
AT ID and protein C level were still increased (10). 
This suggests that steroid therapy could induce hyper-
lipidaemia and thrombosis. 

Our study did not reveal any significant difference 
in the results of platelet aggregation, ATP release, TXB2 

release, or platelet cAMP concentration between the 
steroid-treated and non-treated patients. The plasma 
cholesterol and TG levels were significantly higher in 
relapse than in remission; nevertheless, no difference 
in platelet function was seen between these groups. In 
conclusion, oral P therapy every second day and the 
hypercholesterol or hypertriglyceride level in the plasma 
can not be responsible for hyperaggregation of the 
platelets in nephrotic children. The effect of pulse 
methylprednisolone therapy needs further investigation. 

The change in platelet function of nephrotic patients 
is a part of the changes in the haemostatic system. 
The extent of hyperfunction may vary with the type of 
glomerular lesion and in some forms, e.g. MGN, throm-
bosis could develop, which is determined by the col-
lective change in the haemostatic system. The serum 
albumin level is not the only factor regulating the plate-
let function, and the intraplatelet cAMP concentration 
could play an important role in the extended hyper-
aggregation of platelets from nephrotic patients in remis-
sion. Low-dose oral steroid and hyperlipidaemia per se 
do not increase platelet aggregation. On the other hand, 
nephrotic patients in early remission still have hyper-
aggregable platelets producing vasoconstrictor and 
proaggregant materials, and more time is needed for 
normalization. 
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tbstract. The effect of 1-year erythropoietin (rHu-EPO) 
reatment on the bleeding time, platelet aggregation, ATP 
nd thromboxane Eh (TXEh) release, cyclic AMP (cAMP) 
oncentration and platelet surface positive charge were 
tudied in 8 haemodialysed children with chronic uraemia 
nd 8 controls. The pre-dialysis haematocrit (Hct) was 
1.21+0.01 before and 0.36 + 0.01 following 1 year of rHu-
:PO therapy. At the end of this period the pre-dialysis 
deeding time became normal (P <0.05); this was asso-
r t e d with a significant increase in platelet aggregability 
P <0.05), ATP release (P <0 .05 ) and TXBz production 
P <0.01), and with a significant decrease in platelet 
:AMP concentration (P <0 .01) . A further increase in 
ilatelet aggregation, ATP release and TXB2 production and 
1 decrease in platelet cAMP concentration was observed 
ollowing bicarbonate haemodialysis (BHD) (P <0.01). 
There was a significant positive correlation between pla-
elet aggregation and ATP release (r = 0.78, P <0.05), as 
veil as platelet aggregation and TXB2 production (r = 0.68, 
p <0.05). A significant negative correlation was found 
between platelet aggregability and cAMP concentration 
[r = -0.7, P <0.05). The platelet surface positive charge, 
which was significantly lower in the patients than in the 
:ontrols (P <0.01), did not change during rHu-EPO ther-
apy, nevertheless BHD resulted in a significant increase 
(P <0.05), suggesting the surface charge may influence 
platelet aggregation. In an in vitro and an in vivo study, 
rHu-EPO and the higher Hct did not increase platelet ag-
gregation directly. Long-term administration of rHu-EPO 
stimulated complex functional and biochemical changes in 
the platelets of uraemic patients, which resulted in an im-
proved aggregability. 

Key words: Erythropoietin - Platelet function - Uraemic 
children - Haemodialysis 
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Introduction 

Human recombinant erythropoietin (rHu-EPO) represents a 
major advance in the treatment of the anaemia of patients 
with chronic renal failure (CRF) [1 -4 ] , abolishing the need 
for transfusion and the reversal of iron overload if present. 
It is also reported to shorten the skin capillary bleeding 
time [5 -7 ] , indicating a correction of the uraemic bleeding 
tendency [8], However, it may be associated with hyper-
tension [9] and thrombosis [10], and possibly increased 
cardiovascular morbidity [11], The decrease in the bleeding 
time after treatment with rHu-EPO could be due either to 
elevation of the haematocrit (Hct), with an increased blood 
viscosity, or to changes in platelet function, or both. 

Gordge et al. [7] found that shortening of the prolonged 
bleeding time in haemodialysed patients following rHu-
EPO was due to an increase in circulating red blood cells 
(RBCs) rather than to changes in platelet aggregability. 
Fabris et al. [12] observed a significant increase in the 
platelet count of CRF patients treated with rHu-EPO. After 
correction of anaemia with rHu-EPO, platelet aggregation 
improved and serum thromboxane B2 (TXB2) levels rose to 
the normal range. They concluded that treatment with rHu-
EPO improved haemostasis, not only by correcting anae-
mia, but also by increasing platelet count and function. This 
study did not investigate in detail the biochemical changes 
occurring during platelet aggregation. 

In addition to these observations, increasing evidence 
has accumulated on the role of surface negative charge on 
the platelets, preventing their aggregation and adhesion to 
endothelial cells. In most blood cells the resultant mem-
brane surface charge is negative, but may be altered by 
several factors, such as pH, proteins and phospholipids. We 
hypothesised that a decreased platelet aggregability is as-
sociated with an increase in the negative charge on the 
platelet membrane. 

The aim of the present study was to investigate the ef-
fect of rHu-EPO treatment on the bleeding time and on 
platelet aggregation and the associated biochemical chan-
ges: ATP release, cyclic AMP (cAMP) concentration and 
TXB2 production, as well as platelet surface charge in ur-
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aemic children undergoing bicarbonate haemodialysis 
( B H D ) . 

Patients and methods 

Patients 

Eight patients with CRF (4 boys, 4 girls, aged 14.9 ±3.1 years) who 
had been on HD for 31.8 ±5.4 months (group 1) and 8 age- and sex-
matched controls (group 2) were studied. The platelets from the ur-
aemic children were investigated before and after 12 months of rHu-
EPO therapy. All patients had a history of a haemorrhagic tendency 
(easy bruising, nose and gum bleeding) prior to THU-EPO treatment. 
The primary diagnoses in group 1 were: chronic glomerulonephritis 3, 
hydronephrosis 2, unilateral renal agenesia with hypoplastic kidney on 
the contralateral side 2 and polycystic kidney disease 1. None of the 
patients was given non-steroidal anti-inflammatory drugs or blood 
transfusion during and 2 weeks prior to the study periods. The patients 
and the controls did not receive any medication known to affect the 
platelet function. The study was approved by the University Research 
Ethics Committe. 

rHu-EPO therapy. rHu-EPO for s. c. administration was provided by 
Cilag (Schaffhausen, Switzerland). In the first 12 weeks of the study, 
the dose of rHu-EPO was the same in all 8 patients: weeks 1 -4 , 
50 U/kg; weeks 5 -8 , 75 U/kg; weeks 9-12, 100 U/kg, three times a 
week following dialysis treatment. The dose of rHu-EPO was then 
individually modified to maintain a target Hct of 0.35. 

HD procedure. The patients were treated' with BHD. HD was per-
formed with a cuprophan single-use Travenol dialyser. Blood flow was 
200 ml/min and the duration of each dialysis was 3.5 h. Heparin was 
administered in an initial bolus dose (200 units) and it was followed by 
a constant infusion (800 units/h). The pre-dialysis Hct was 0.21 ±0.01 
before and 0.36 ±0.01 after 1 year of EPO treatment. Blood serum 
concentrations were: sodium 138.2 ± 3.5 mM, potassium 5.3 ± 0.3 mM, 
urea nitrogen 35.8±7.1 mM and creatinine 917± 121 fiM, with the 
capillary blood pH 7.32 ±0.06. There was no significant difference in 
the biochemistry following 1 year of rHu-EPO therapy. 

The direct effect of rHu-EPO on platelet aggregation 

The direct effect of rHu-EPO on platelet aggregation was investigated 
in vivo and in vitro. In the in vivo study platelet aggregation was 
determined prior to and 30 min following intravenous administration 
of the usual s.c. dosage of rHu-EPO. In the in vitro study blood 
samples from the uraemic patients were treated with rHu-EPO in vitro 
(10 U rHu-EPO in 10 ml citrated blood at 37° C for 30 min), and 
platelet aggregation was measured prior to and following the incuba-
tion period. 

The direct effect of RBC count on platelet aggregation 

The direct effect of RBC count on platelet aggregation was in-
vestigated by preparing a low (0.23 ±0.02) and a high Hct 
(0.38 ±0.02) in vitro using autologous RBCs. Following 1-h incuba-
tion at room temperature, platelet-rich plasma (PRP) was prepared 
from each sample and platelet aggregation was examined. These in 
vitro and in vivo studies were carried out with a laser rheoag-
gregometer [13] using collagen for stimulation of the platelets. The 
slope and the amplitude of the platelet aggregation curves obtained by 
transmitted light and diffused light simultaneously were estimated by 
computer analysis. The result of platelet aggregation was expressed in 
aggregation units (AU = slope x amplitude of platelet aggregation 
curve). 

Prospective studies 

The effect of 1 year of rHu-EPO treatment and the additional effect of 
BHD on the platelets were investigated according to the following 
protocol. At the beginning and the end of BHD, blood samples (9 ml) 
were collected in plastic tubes containing 1 ml 3.8% trisodium citrate 
from the arterial line of the dialyser. Samples were collected prior to 
and following 1 year of rHu-EPO therapy. Blood samples treated with 
3.8% trisodium citrate were also taken from group 2. 

Platelet aggregation. Citrated blood was centrifuged within 30 min of 
collection at 500 g for 10 min at room temperature, to obtain PRP. 
Platelet-poor plasma (PPP) was obtained by centrifugation of PRP at 
4,000 g for 10 min. The PRP platelet count was adjusted to 
300±10xl0s/ml. Platelet aggregation was induced with collagen 
(Kollagen reagents, Hormon Chemie, Munich, Germany) at a final 
concentration of 2 g/ml. 

Platelet aggregation and ATP release were studied using a Chronolog 
Lumiaggregometer. Platelet aggregation was carried out according to 
our previously published method [14]. Aggregation curves were 
evaluated by computer method and characterised in aggregation units 
(slop x amplitude). For the detection of the ATP release a parallel PRP 
sample was investigated using luciferin as a substrate and luciferase 
enzyme (Luciferin -luciferase, Sigma, Poole, UK) [15]. The amount of 
ATP released from the platelets during aggregation stimulated by 
collagen was estimated by comparison with the curve obtained by the 
addition of 10 nM ATP (initial concentration) to the system. The ATP 
release was expressed in nanomoles per 10s platelets. The sensitivity of 
the method was 0.5 nmol/10s platelets. 

cAMP concentration in platelets. The concentration of cAMP was 
measured in the platelets following aggregation [16]. Platelets were 
lysed and cAMP was released by cytolysis. During preparation, the 
platelet cAMP was protected from cAMP-dependent phosphodiester-
ase (PDE) with a diluting buffer containing (final concentration) 
0.5 mM 3-isobutyl-l-methyl-xanthine, a specific PDE inhibitor 
(Sigma), and the mixture was handled as described elsewhere [14,17]. 
cAMP was determined in 50 [U of the supernatant of the lysed platelets 
with a cAMP-binding assay kit (Amersham TRK 432, Amersham, UK) 
[14]. 

TSB2 measurements. TXB2 levels were measured by radio-im-
munoassay [18] in both controls and dialysed patients. This was car-
ried out using aliquots supernatant after the measurement of platelet 
aggregation. The sensitivity of the method was 3 ng/ml. 

Platelet surface positive charge. Platelet surface positive charge was 
measured using the method of Wojtczak and Nalecz [19]. The binding 
of 8-aniline-l -naphthalene sulphonate (ANS) to the platelet surface 
was measured using a Hitachi F2000 fluorimeter at 366 nm and 460 nm 
(excitation and emission wavelengths, respectively). From 5 mM al-
coholic ANS solution, 3 p.1 was added repeatedly to 3 ml PRP and 3 ml 
PPP. Following each ANS challenge, the fluorescence intensity was 
measured and the value obtained before the addition of the ANS was 
subtracted from each post-ANS result, and then related to the platelet 
number in the PRP and expressed in arbitrary units per platelet. Pre-
dialysis bleeding times and platelet counts obtained prior to and fol-
lowing 1 year of rHu-EPO therapy were compared. 

Statistical analysis. All platelet aggregation, ATP, cAMP and TXB2 
measurements and platelet surface positive charge studies were carried 
out in duplicate. Statistical analysis was performed with a paired (-test 
and the Spearman rank correlation test. The results of the groups are 
given as mean values plus or minus standard errors. 
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ble 1. The direct effect of recombinant human erythropoietin (rHu-
'O) and haematocrit (Hct) on platelet aggregability 

Platelet aggregation 
(transmission) 
mean ± SD (AU) 

vivo study 
before rHu-EPO 10,140 ± 2 , 3 0 0 
after rHu-EPO 9,464 ± 3 , 4 2 9 

vitro study 
before rHu-EPO 9,308 ± 1 , 3 8 2 
after rHu-EPO 8,950 ± 1 , 0 8 0 

Hct 0.23 + 0.02 9,415 ± 1 , 3 2 9 
Hct 0.38 ± 0 . 0 2 9 , 2 3 9 + 1 , 2 9 0 

introl 21,305 + 1,763 

(J, Aggregation units 

2,800 

= 2, ¿00 

2 ,000 
O) CT 

8 1,600 

O) o 
¡1,200 

a 
a. 

800 

¿00 

r 

BHD 

POST 

PRE 

f " 

esults 

leeding time and platelet count 

efore rHu-EPO treatment the pre-dialysis bleeding time 
as 9.4 ± 0 . 6 min which decreased to 5.7 ± 0 . 6 min fol-
twing 1 year of rHu-EPO therapy (P <0.05). In the 
yntrols it was 4.6 ± 0 . 8 min. There was no significant 
ifference in platelet count before and after 1 year of rHu-
PO treatment (178 ± 32 x K M and 187±26 .5x K M , re-
jectively; control 241 ± 12 x 105/1). The in vitro and in 
ivo studies did not show any direct effect of rHu-EPO on 
latelet aggregability. Hct increased in vitro but did not 
lfluence platelet aggregation (transmission results are 
iven in Table 1.) 

'latelet aggregation and ATP release 

'latelets from uraemic patients, either treated with rHu-
P O or untreated, displayed a significantly lower aggre-
ability in vitro than those from controls (P <0.001). One 
ear of rHu-EPO therapy resulted in a significantly higher 
ggregability (P <0.05). There was also an improvement 
/ith BHD, both during rHu-EPO treatment and without 
Hu-EPO (P <0.05, P <0 .01 , respectively) (Fig. 1). 

A significantly lower ATP release was found from the 
raemic platelets during aggregation (with and without 
Hu-EPO treatment) than from the controls (P <0.001). 
Allowing 1 year of rHu-EPO treatment, the ATP release 
vas significantly higher from the platelets during ag-
¡regation than prior to rHu-EPO therapy (P <0.05). BHD 
tself caused a significant increase in the ATP release, with 
ir without rHu-EPO therapy (P <0.01, Fig. 1). A signifi-
ant positive correlation was observed in both groups be-
ween platelet aggregation and ATP release (r = 0.78, 
» <0.05). 

3 late let cAMP concentrations 

rhe platelet cAMP concentration was significantly higher 
lefore BHD than in controls, either with or without rHu-

6 
OJ 

< 

1 

Fig. 1. Changes in platelet aggregability and ATP release from the 
platelets before and after 1 year of recombinant human erythropoietin 
(rHu-EPO) treatment (mean ± SE) in patients pre and post bicarbon-
ate dialysis (BHD). A A , Before rHu-EPO: A A , after 
1 year of rHu-EPO therapy. Patients with and without rHu-EPO (either 
pre or post BHD) P < 0 . 0 5 : patients before and after BHD (with or 
without rHu-EPO) 
* P < 0 . 0 5 ; ** P < 0 . 0 1 ; patients and controls *** P <0 .001 

EPO therapy (P <0.05, P <0 .001, respectively). Never-
theless, 1 year of rHu-EPO treatment resulted in a signifi-
cant decrease in platelet cAMP concentration (P <0.01). 
During BHD a significant decrease was observed in the 
values, regardless of rHu-EPO therapy (P <0.01, Fig. 2). 
There was a significant negative correlation in both groups 
between platelet aggregation and the platelet cAMP con-
centration (r = - 0 . 7 % , P <0.05) . 

Platelet TXBi release 

TXB2 formation by platelets in response to collagen was 
significantly lower in the uraemic patients (either with or 
without rHu-EPO treatment) than in controls (P <0.001). 
Following 1 year of rHu-EPO therapy, a significant in-
crease was observed in the values (P <0.01). BHD (with 
and without rHu-EPO) resulted in an elevation in the TXB2 
release (P <0.01, Fig. 2). The correlation coefficient for 

BHD 
POST 
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Fig. 2. Cyclic AMP (cAMP) concentration and thromboxane B2 (TXBi) 
production in platelets during aggregation (mean ± SE). A A , 
Before rHu-EPO; • • after 1 year of rHu-EPO treatment. cAMP 
and TXB2, patients with and without rHu-EPO (either pre or post 
BHD) P <0.01; cAMP, patients (pre dialysis, with or without rHu-
EPO) and controls P < 0 . 0 5 and P < 0 . 0 1 , respectively; patients (post 
dialysis, without rHu-EPO) and controls P <0.05; no difference 
between patients (post dialysis, with rHu-EPO) and controls; patients 
before and after BHD (with or without rHu-EPO) P <0.01; TXB2 , 
patients (with or without rHu-EPO, pre or post BHD) and controls 
P <0.01; patients (with or without rHu-EPO) pre and post BHD 
** P <0.01. PRP, Platelet-rich plasma 

the platelet aggregability and the TXEh level was 0.68 
(P <0.05). A negative correlation was observed between 
the platelet cAMP and TXB2 levels (r = -0 .62, P <0.05). 

Platelet surface positive charge 

The platelet positive surface charge (measured by ANS 
titration) was significantly lower in uraemic patients than in 
controls. rHu-EPO treatment did not influence the values 
significantly. Nevertheless, BHD resulted in a significant 
increase in the platelet surface positive charge (P <0.05), 
although it was still much lower than in controls (Fig. 3). A 
significant positive correlation was observed in both groups 
between the platelet aggregability and surface positive 
charge (r = 0.76, P <0.05) . 
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Fig. 3. The changes of platelet positive surface charge during BHD 
(mean ± SE) before rHu-EPO (A A ) and after 1 year of rHu-
EPO treatment A A ; pre and post BHD, * P <0.05; patients 
(with or without rHu-EPO, before or after BHD) and controls 
** P < 0 . 0 1 

Discussion 

Platelet production is not seriously impaired in CRF, but 
bleeding is a common complication [20], In general, there 
are no abnormalities of clotting factors. Most of the pro-
blems are due to platelet dysfunction and abnormalities in 
the interaction of platelets and the vessel wall [4], A 
number of factors are known to contribute to a reduced 
platelet aggregation in patients with CRF: a storage pool 
defect represented by decreased ADP and serotonin con-
tents of the platelets [21], an imperfect secretory mecha-
nism, with reduced ATP release [17, 21], a diminished 
production of TX [22] and platelet factor III [23] and the 
presence of an inhibitor against TXA 2 production [4, 17], 
ATP-ase activity is also defective in uraemic platelets [17], 
However, the functional significance of this last abnorm-
ality is unknown. Within the platelets an increased calcium 
content activates the proteolysis of actin and makes the 
platelets less sensitive [24] to the aggregating stimuli. 
Platelet cAMP is elevated, contributing to the impaired 
aggregation of uraemic platelets [25] by inhibiting the cy-
tosolic calcium release. 

In our present study, the bleeding time of the uraemic 
children was markedly shortened following 1 year of rHu-
EPO therapy, as has been reported by other authors [5, 7, 
12], The platelet aggregation increased, in accordance with 
the results of Fabris et al. [12]. Taylor et al. [26] reported an 
improvement in spontaneous platelet aggregation in pa-
tients treated with HD and erythropoietin. Although the 
bleeding time became normal in our patients and the pla-
telet aggregation increased, it was still lower than in con-
trols. Therefore, we could not exclude the beneficial effect 
of the increased Hct on the bleeding time. Nevertheless, 
according to our in vitro study the increased Hct did not 
increase the platelet aggregation in laser aggregometry. 
Therefore the increase in RBC count does not influence 
platelet aggregability. The rHu-EPO itself had no direct 
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feet on platelet aggregation, neither in the in vivo nor the 
vitro experiment. Our patients did not develop throm-

tic episodes during therapy. 
Horina et al. [27] demonstrated an increased platelet 

unt during EPO therapy, which was not confirmed in our 
tdy. However, we observed a number of changes in pla-
let biochemistry during rHu-EPO treatment. There was a 
¡¡nificant increase in the platelet ATP release and TXB2 
oduction, which further increased during BHD as did 
atelet aggregability. An increased TXB2 production was 
so observed during rHu-EPO treatment by Van Geet et al. 
1] and by Fabris et al. [12]. At the same time the platelet 
¡kMP concentration decreased significantly. In our pre-
ous study we demonstrated an elevated platelet cAMP 
vel in chronic uraemia, which may contribute to the de-
etive platelet aggregation and TXB2 release [14]. 

The presence of the platelet surface positive charge was 
smonstrated by ANS titration. These results showed a 
gnificant correlation with platelet aggregability. In most 
iological membranes the resultant charge is negative [28]. 
he surface of platelets [29] and other blood cells [30] are 
sgatively charged, largely due to the presence of sialic 
rid residues in the glycoproteins and glycolipids of the cell 
tembranes. Factors decreasing the proportion of surface 
ositive charge on the platelets make the membrane more 
egative and probably reduce the aggregability and the 
dherence of cells to die endothelium. The nature of these 
nbstances is unknown at present. Cationic surfactants de-
rease, whereas anionic surfactants increase, the negative 
urface charge. The beneficial effects of BHD suggest the 
rie of uraemic toxins and pH, which change during dia-
lysis but not on rHu-EPO therapy. 

As the normalisation of the bleeding time following 
year of rHu-EPO therapy was not associated with the 

ormalisation of platelet aggregability and biochemistry we 
an not exclude the role of the increased Hct in the short-
ning of the bleeding time. However, the increased RBC 
ount did not improve the platelet aggregation. Although 
Hu-EPO itself does not improve platelet aggregation di-
ecdy, during 1 year of rHu-EPO therapy a number of 
ilatelet functional changes were observed, including ag-
gregability, ATP and T X release, and a decrease in cAMP 
¡oncentration. These contribute to the improvement of the 
deeding time. Therefore w e consider that rHu-EPO therapy 
:an improve platelet function through biochemical changes 
md has a combined effect on the haemostasis of uraemic 
satients. 
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Growth after recombinant human growth hormone treatment in children with chronic renal 
failure: Report of a multicenter randomized double-blind placebo-controlled study 

Richard N. Fine, Edward C. Kohaut, Douglas Brown, and Andrew J. Periman, for the Genentech Cooperative Study Group 

Objective: To determine whether treatment with recombinant human 
growth hormone (rhGH) enhances growth rate in growth-retarded 
children with chronic renal failure. 

Design: One hundred twenty-five prepubertal growth-retarded children 
with chronic renal failure were randomly assigned to receive either 
rhGH (n = 82) or placebo (n = 43) for 2 years. 

Setting: The study was undertaken at 17 pediatric nephrology centers 
in the United States. 

Measurements: Growth rate, standardized height, bone age, fasting and 
2-hour postprandial glucose and insulin levels, biochemical values, and 
insulin-like growth factor I and anti-growth hormone antibody levels 
were evaluated serially during the 2-year study period. 

Results: Standardized height increased from -2.94 to -1.55 in the 
rhGH group after 24 months of treatment, and decreased from -2.82 to 
-2.91 in the placebo group (p <0.00005). Patients in the rhGH group 
who completed 24 months of study (n = 55) had a greater growth rate 
during the first year (10.7±3.1 cm/yr) than during the second year 

(7.8+2.1 cm/yr) of treatment. These growth rates were significantly 
greater than those in the placebo group (n = 27) in the first 
(6.5+2.6 cm/yr) and second (5.5 ± 1.9 cm/yr) years (p <0.00005 for 
both years). The mean A height age minus the A bone age was positive 
in the rhGH group, suggesting improved final height potential. There 
was no significant difference in the change in calculated creatinine 
clearance over baseline values in the rhGH group from that in the 
placebo group after 24 months of study (p = 0.63). Mean fasting and 
postprandial insulin values were elevated at 12 months but not at 
24 months in the rhGH-treated patients. Mean fasting and 2-hour 
postprandial glucose values at 24 months were not significantly 'ele-
vated over baseline values in either group. 

Conclusions: Growth rate and standardized height were significantly 
increased in growth-retarded prepubertal children with chronic renal 
failure when rhGH was used. The acceleration in growth was not as-
sociated with undue advancement of bone age. No clinically signifi-
cant side effects were associated with rhGH treatment. The use of 
rhGH in growth-retarded children with chronic renal failure may fa-
cilitate the achievement of the inherent growth potential of such 
children. 

Kidney Int (1993) 44: 65-74 

Shared idiotypes in mesangial deposits in IgA nephropathy are not disease-specific 

A. Warmold L van den Wall Bake, Jan Anthonie Bruijn, Mary Ann Accavitti, Peggy A. Crowley-Nowick, Ralph E. Schrohenloher, 
Bruce A. Julian, Susan Jackson, Hiromi Kubagawa, Max D. Cooper, Mohamed R. Daha, and Jiri Mestecky 

The antigenic specificity of the mesangial IgA in IgA nephropathy 
(IgAN) remains unknown. Because shared antigenic specificities may 
be reflected in the usage of shared idiotypes, we prepared five 
monoclonal anti-idiotypic antibodies (MoAbs) specific for the me-
sangial IgA eluted from the kidney of an IgAN patient. All five MoAbs 
reacted with the same idiotype, which proved to be of a public nature. 
Although the idiotype could be identified in the mesangial deposits of 
the majority of IgAN patients studied, it was not specific for the dis-
ease because it was also found in the glomerular deposits of other types 

of glomerulonephritis. The idiotype was also expressed in polyethyl-
ene glycol precipitates of sera and in pokeweed mitogen-induced 
plasma cells from both IgAN patients and healthy controls. The con-
clusion that no disease-specific idiotypes are present in the renal eluate 
was further supported by the failure to produce polyclonal anti-idio-
typic antibodies by immunizing a rabbit with the eluted mesangial IgA. 
Our results support the concept that mesangial IgA deposits in IgAN 
are of a polyclonal nature. 
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Krónikus urémiás gyermekek trombocita funkciójának változása 
egyéves erythropoietin kezelés alatt 

TÚRI SÁNDOR1. SOÓS JÓZSEF'. TORDAY CSILLA1 . BERECZKI CSABA1 ÉS IIAVASS ZOLTÁN1 

A „humán recombinans erythropoietin" (rHu-EPO) drámai javulást hozott az urémiás 
betegek anémiájának kezelésében [1, 2, 3, 4]. Hatására a betegek nem igényelnek több 
transzfuziót és vas-túlterhelt állapotuk is megszűnik. Néhányan beszámoltak arról, 
hogy a vérzési idő megrövidült [5, 6, 7], ami arra utal, hogy az urémiás vérzékenységi 
tendencia javul rHu-EPO kezelés alatt [8]. Ugyanakkor a kezelés mellékhatásaként 
hipertónia [9] ill. trombózis [10J alakulhat ki, sőt egyesek felvetették a 
cardiovascularis morbiditás lehetőségét is [11]. A vérzési idő csökkenésének oka lehet 
a hematokrit emelkedése — a vér viszkozitás emelkedése révén —, a trombocita 
funkció változása, vagy mindkettő. Gordge és mtsai [7] vizsgálatai szerint a hemodia-
lizált betegek megnyúlt vérzési idejének korrekcióját inkább a keringő vörösvérsejtek 
(vvs.) számának növekedése okozza, mint a trombocita aggregábilitás változása. Fabris 
és mtsai (12) a trombocita szám szignifikáns növekedését figyelték meg krónikus 
urémiások rHu-EPO kezelése során. Amint az anémia rendeződött, a trombociták agg-
regációja javult és a szérum tromboxán koncentráció (TXB2) a normál szintre 
emelkedett. Ezek alapján arra a következtetésre jutottak, hogy az rHu-EPO kezelés 
hemostázist javító hatása nem csak az anémia korrekciója, hanem a trombocita szám és 
funkció javítása révén is érvényesül. Ebben a vizsgálatban azonban nem foglalkoztak a 
trombocita aggregáció során lezajló biokémiai változásokkal. 

Az utóbbi időben egyre több adat gyűlt össze a trombociták felületi negatív tölté-
seinek szerepéről, amelyek feltehetően akadályozzák a trombociták aggregációját és az 
endoteliális sejtekhez való adhéziót. Bár a vérsejtek felszínén az elektromos töltések 
eredője negatív, ezt számos tényező befolyásolhatja (pl. pH, fehérjék, foszfolipidek). 
Hipotézisünk szerint az urémiás trombociták csökkent aggregábilitásában szerepet ját-
szik azok felületi negatív töltésének fokozódása. 

Jelen.vizsgálatunkban azt tanulmányoztuk, hogy hogyan hat az rHu-EPO kezelés és 
maga az acetátos és bikarbonátos hemodializis (AHD, BHD) a krónikus urémiások 
vérzési idejére, trombocita aggregációjára ill. az ezalatt lezajló biokémiai változásokra: 
az ATP-release-re, a ciklikus AMP (cAMP) koncentrációra és a TXB2 termelésre. 
Ezen kívül megfigyeltük, hogy hogyan változik mindezen beavatkozások során a 
trombociták felületi pozitív töltése. 

Beteganyag és módszerek 

Nyolc krónikus urémiás beteget vizsgáltunk (4 fiú és 4 leány, átlagos életkoruk 
14,9±3,1 év), akik mintegy 31,8+5,4 hónapja részesültek hemodializis (HD) 
kezelésben (1. csoport). A kontroll csoportba 8, életkor és nem szerint azonos meg-
oszlást mutató, gyermek tartozott (2. csoport). Az urémiás gyermekek trombocitáit 
közvetlenül az rHu-EPO kezelés bevezetése előtt, majd 12 hónapos terápia után vizs-
gáltuk. A betegek anamnézisében vérzékenységre utaló tünetek szerepeltek az rHU-
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EPO kezelés bevezetése előtt (fogíny-, orr-, bőrvérzés). Az 1. csoportban az eredeti 
diagnózisok a következők voltak: krónikus glomerulonephritis 3, hydronephrosis 2, 
egyoldali vese agenesia hypoplasiás vesével az ellenkező oldalon 2, polycystás vese 1. 

RHu-EPO kezelés. A szubkután kezelésre alkalmazott RHu-EPO-t a CILAG AG 
Pharma (Schaffhausen, Svájc) biztosította. A 4000 E-et tartalmazó ampulla 33,6 /xg 
rílU-EPO-nak felel meg 2,5 mg/ml pufferezett, steril humán szérum albuminban. A 
készítmény tisztasága 99%-os. Az RHu-EPO-t szubkután adtuk be a dialízis végén a 
felkarba, vagy a femorális regióba. A vizsgálat első 12 hetében az rHu-EPO dózisa 
mind a nyolc beteg esetében azonos volt: 1—4. hét 50 E/kg, 5—8. hét 75 E/kg, 9—12 
hét: 100 E/kg hetente 3-szor. Ezt követően az rHU-EPO dózisát individuálisan változ-
tattuk, hogy fenntartsuk a 0,35 %-os cél-hematokrit (Htk) értéket. 

Minden beteg felváltva részesült HDA és HDB kezelésben, amelyet cuprophan-, 
egyszer használatos Travenol dializátorral végeztünk. A dialízisek időtartama 3 és fél 
óra volt, a vér áramlási sebesség átlagosan 200 ml/perc. A HD kezelések elején 200 E 
heparint adtunk bólusban, ezt követően 800 E/óra adag folyamatos infúzióban. A pre-
dialízis Htk az rHU-EPO kezelés előtt 0,21 ±0,01 egyéves kezelés után 0,36+0,01 
volt. Az rHU-EPO terápia bevezetése előtt a szérum-értékek a következők voltak: Na 
138,2+3,5 mML, K 5,3±0,3 mML, urea N 35,8—7,1 mML, kreatinin 917±121 
pML, kapilláris vér pH 7,32+0,06. Az egy évvel később talált eredmények szig-
nifikáns különbséget nem mutattak. A betegek egyike sem kapott nem-steroid típusú 
gyulladáscsökkentő gyógyszereket vagy vértranszfúziót a vizsgálati periódus alatt ill. 
azt megelőző két héten. A HDA ill. a HDB kezelések előtt és azt követően 9 ml vért 
vettünk a dializáló szerelék artériás szagából 1 ml 3,8%-os nátrium citrátot tartalmazó 
plasztik csövekbe. Ezek a vérvételek az rHu-EPO terápia bevezetése előtt és egyéves 
kezelés után történtek. Na citráttal a 2. csoport tagjaitól is vért vettünk. A vizsgálatok 
az Egyetemi Tudományetikai Bizottság engedélyével történtek. 

Tromboáta aggregáció. A citrátós vért a levétel után 30 percen belül 500 g-vel 10 
percig szobahőmérsékleten centrifugáltuk, hogy trombocitában dús plazmát (TDP) 
nyerjünk. A TDP-t 4000 g-vel 10 percig tovább centrifugálva trombocitában szegény 
plazmát készítettünk. A TDP trombocita számát 300xl0Vml-re állítottuk be. A trom-
bocita aggregációt kollagénnel indukáltuk (Kollagén reagents, Hormon Chemie, 
Münich, FRG) 2 /xg/ml-es végkoncentrációban. A trombocita aggregációt és az ATP 
rclease-t Chronoíóg típusú Lumiaggregométerrel (Micro GMK, Szeged) vizsgáltuk. A 
trombocita aggregáció korábbi munkánkban leírt módon történt [13]. Az aggregációs 
görbéket computerrel értékeltük, és ún. aggregációs egységgel jellemeztük (a görbe 
meredeksége szorozva a görbe amplitúdójával). 

Az aggregáció közben történő ATP-release mérésére paralell TDP mintákat vizs-
gáltunk. A módszer elve, hogy a luciferáz enzim ATP jelenlétében bontja a luciferint 
(Luciferin-luciferase Sigma Poole UK), amely fényreakciót ad a lumiaggregométerben. 
A fényeffektus mértéke az aggregálódó trombocitákból kiszabaduló ATP 
mennyiségétől függ [14]. Az aggregáció stimulálását itt is kollagénnel végeztük. A 
kapott lumiaggregometriás görbék kiértékelése úgy történt, hogy ezek amplitúdóját 
összehasonlítottuk azzal a kitéréssel, amelyet 10 nM ATP-nek a luciferin-luciferáz 
rendszerhez történő adása után kaptunk. így az ATP-release-t nM/105 trombocita 
értékben fejeztük ki. A módszer érzékenysége 0,5 nM/105 trombocita. 

A trombociták cAMP koncentrációja. Az aggregációt követően mértük a trombociták 
cAMP koncentrációját [15.] A cAMP-t cytolysissel szabadítottuk ki a trombocitákból. 
A preparáció alatt a cAMP-t védtük a cAMP-dependens phosphodiesterase (PDE) 
hatásától olyan hígító pufferrel, amely 0,5 mM 3-isobutyl-l-methyl-xantint (specifikus 
PDE gátló, Sigma Poole UK) — tartalmazott [13]. A cAMP-t a cytolysisnek kitett 
trombociták 50 /¿l-nyi felülúszójából cAMP binding assay kit segítségével határoztuk 
meg (Amersham TRK 432, Amersham UK [13]. 
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TXB2 mérések. A kontrollok és a betegek trombocita TXB2 koncentrációját ra-
dioimmunoassay módszerrel határoztuk meg [16]. A vizsgálathoz a trombociták agg-
regáció utáni felülúszóját használtuk. A módszer érzékenysége 3 ng/ml. 

A trombociták felületi pozitív töltésének vizsgálata 
Wojtczak és Nalecz módszere szerint történt [17]. A pozitív töltés kimutatására szol-

gáló festéknek: a 8-anilin-l-naphtalen-sulphonatnak (ANS) a trombocita felszínhez 
való kötődését Hitachi F2000 fluoriméterrel mértük 366 nm excitációs és 460 nm 
emissziós hullámhossz tartományban. 5 mM alkoholos ANS oldatból 3 /d-t adtunk is-
mételten 3 ml TDP-hez és 3 ml TSZP-hez. Minden ANS adag hozzáadása után mértük 
a fluoreszcencia-intenzitást. Az ANS hozzáadása előtti értékeket levontuk a poszt-ANS 
eredményekből, amelyeket a TDSZ trombocita számára kifejezve önkényeses választott 
egységben adtunk meg. 

Statisztikai számítások. A trombocita aggregáció, az ATP, a cAMP és a TXB2 
mérések, valamint a felületi pozitív töltés vizsgálata duplikációban történt. A 
statisztikai analízist a két mintás t próbával és a Spearman rank korrelációs teszttel 
végeztük. A csoportok eredményeit átlag + SE értékben adtuk meg. 

Eredmények 

A vérzési idő és a trombocita szám változása. Az rHU-EPO kezelés bevezetése előtt 
a dialízis előtti vérzési idő 9,4+0,6 perc volt, amely egyéves erythropoietin kezelés 
után 5,7+0,6 percre csökkent (p<0,05). A kontroll esetekben ez 4,6+0,8 percnek 
bizonyult. A trombocita számban nem találtunk szignifikáns különbséget az rHu-EPO 
kezelés bevezetése előtt (178+32x105/1) és egy évvel utána (187 + 26,5x105/1); 
kontroll csoport: 241 + 12x105/1). 

Trombocita aggregáció és ATP-release. Az urémiás betegek trombocitái akár 
kezelték a beteget rHU-EPO-val, akár nem, szignifikánsan gyengébb in vitro aggregá-
bilitást mutattak, mint a kontrollok (p <0,001). Egyéves rHu-EPO terápia után az agg-
regábilitás szignifikánsan fokozódott (p<0,01). A BHD kezelés rHu-EPO terápiával 
(p<0,01) és anélkül is (p<0,05) szignifikáns fokozódást idézett elő a trombociták 
aggregációjában, de még így is alacsonyabb volt mint a kontrolloké. 

A párhuzamosan mért ATP-release szignifikánsan alacsonyabb volt az urémiások 
trombocitáiból (rHu-EPO kezelés előtt és egyéves terápia után), mint a kontrollok ese-
tében (p <0,001). Amikor az urémiások ATP-release értékét hasonlítottuk össze az 
erythropoietin terápia bevezetése előtt és egyéves kezelés után, az utóbbi értékek szig-
nifikánsan nagyobbak voltak (p<0,01). Az AHD és a BHD kezelések végére az ATP-
release szignifikánsan magasabb lett az rHu-EPO terápia alatt (p<0,01). Amikor a 
betegek még nem kaptak erythropoietint a BHD önmagában is szignifikáns emelkedést 
idézett elő (p<0,01), de ez nem volt megfigyelhető az AHD során (l. ábra). Mindkét 
csoportban szignifikáns pozitív korrelációt figyeltünk meg a trombocita aggregáció és 
az ATP-release között (r=0,78, p<0,05). 

Trombocita cAMP koncentráció. Az urémiás betegek trombocita cAMP koncentrá-
ciója az AHD ill. BHD előtt szignifikánsan magasabb volt mint a kontrolloké akár 
kaptak erythropoietint, akár nem (p<0,05 ill. 0,001). BHD hatására a cAMP koncent-
ráció szignifikánsan csökkent (p<0,01). Az rHu-EPO kezelés további csökkenést 
idézett elő a cAMP értékekben (p<0,01) (2. ábra). 

Mindkét csoportban szignifikáns negatív korrelációt figyeltünk meg a trombocita 
aggregáció és a cAMP értékek között (r=0,7, p<0,05). 

Trombocita TxB2 értékek. A kollagén adására a trombocitákban bekövetkezett TxB2 
termelés szignifikánsan kevesebb volt az urémiások trombocitáiban mint a kontrol-
lokéiban (p <0,001). Egyéves erythropoietin terápia után ez szignifikánsan fokozódott 
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7. ábra. A tromhocita aggregábilitás és az ATP-relcase változása az rHu-EPO kezelés bevezetése előtt és 
egy évvel utána (átlag ±SE), AHD: acetátos-hemodialízis (előtt és után), BHD: bikarbonátos hemodialisis 
(előtt és után); o—o. és o o rHu-EPO előtt; o—o, és A — A egy évvel az rHu-EPO kezelés bevezetése 
után; HD előtt és után: *p <0,05, **p<0,01; beteg és kontroll csoport összehasonlítása ***p< 0,001 

a kiindulási értekekhez képest (p<(7,01). A BHD kezelés rHu-EPO kezeléssel 
anélkül is szignifikáns növekedést idézett elő a trombocita TxB2 koncentrációban 
(p <0,01), amely AHD során nem volt megfigyelhető (Fig.2). 

A trombocita TxB2 értékek és az aggregációs eredmények közötti korrelációs koeffi-
ciens 0,68 volt (p<0,05) . Negatív korreláció volt a trombocita cAMP és a TxB2 kon-
centrációk között (r = —0,62, p<0 ,05) . 

2. ábra. Trombocita ciklikus AMP (cAMP) koncentráció és tromboxán B2 (TxBj) termelés az aggregáció • 
alatt (átlag ± SE). 0—0, és o—o az rHu-EPO bevezetése előtt; o—o, és A — A egy évvel az rHu-EPO 
bevezetése után. HD előtt és után * p<0,05; **p<0,01; cAMP: betegek rHu-EPO-val HD előtt és 

kontrollok *p<0,05; betegek rHu-EPO nélkül HD előtt és kontrollok (nem jelzett) p< 0,001. 
\ 

3. ábra. A trombociták felületi pozitív töltéseinek változása AHD és BHD alatt (állag ± SE). 0—0, és o—o, 
az rHu-ET'O kezelés bevezetése előtt; o—o, és A — A egy évvel az rHu-EPO kezelés bevezetése után; 
HD előtt és után *p<0,05; betegek (rHu-EPO-val és anélkül, HD előtt és után) és kontrollok **p<0,01. 



Trombocita felületi töltés (U/105 trombocita) TxB, (ng/ml t romboci ta dús plazma) cAMP (pmol/109 t romboci ta) 



Trombocita felületi pozitív töltés. Az urémiás betegek trombocita felületi pozitív 
töltése szignifikánsan alacsonyabb volt, mint a kontrollokban (p<0,01). Az rHu-EPO 
terápia nem befolyásolta ezeket az eredményeket szignifikáns mértékben. Mindazonál-
tal a BHD után a felületi pozitív töltések mértéke szignifikánsan növekedett (p<0,05), 
bár még mindig sokkal alacsonyabb volt, mint a kontrollokban (Fig.3). 

Mindkét csoportban szignifikáns pozítiv korreláció volt megfigyelhető a trombocita 
aggregáció és a felületi pozitív töltések között (r=0,76, p<0,05). 

Megbeszélés 

Krónikus veseelégtelenségben a trombocitaképzés nem károsodik súlyosan, és ál-
talában nincs rendellenesség a véralvadási faktorokban, de a . vérzés az urémiának 
gyakori komplikációja [18]. A tünetek legtöbbször a trombocita diszfunkcióból és az 
érfal — trombocita kóros kölcsönhatásból származnak [4]. Krónikus veseelégtelenség-
ben számos faktor játszik szerepet a csökkent trombocita aggregációban. Az ún. 
„storage pool" defektért a trombocita alacsonyabb ADP és szerotonin tartalma a felelős 
[19], az elégtelen szekréciós mechanizmus csökkent ATP-release-ben [19, 20], ala<"~>-
nyabb mértékű tromboxán és trombocita III. faktor termelésben nyilvánul meg [^J . 
Ezenkívül a TxA2 termelést gátló faktor is jelen lehet [4, 20], Az urémiás betegek 
trombocitáiban az ATP-áse aktivitás is csökkent lehet [20], bár az utóbbi rend-
ellenesség funkcionális jelentősége még nem ismert. Amennyiben a trombociták 
kalcium koncentrációja fokozódik, ez az aktin proteolízisét kiváltva csökkenti a trom-
bociták érzékenységét az aggregáló stimulusokra [23]. Az urémiások trombocita cAMP 
koncentrációja fokozott, amely a cytosolikus Ca-release gátlása révén hozzájárul az 
aggregábilitás károsodásához. 

Mások vizsgálataival egybehangzóan [5, 7, 12] egyéves rHu-EPO kezelés jelentősen 
csökkentette az urémiás betegeink vérzési idejét. A trombocita aggregáció fokozódott 
Fabrís és mtsai eredményeihez hasonlóan [12]. Bár betegeink vérzési ideje egyéves 
erythropoietin kezelés után normális lett, a trombocita aggregáció a javulás mellett is 
még szignifikánsan alacsonyabb volt mint a kontrolloké. Ennek alapján feltételezhető, 
hogy a Htk növekedése is hozzájárult a vérzési idő csökkenéséhez. Mi nem találtunk 
szignifikáns növekedést a trombocita számban, de a biokémiai funkciók jelentősen 
változtak rHu-EPO kezelés alatt. 

A trombocita ATP release és a TxB2 termelés szignifikánsan fokozódott, amely az 
aggregációhoz hasonlóan tovább növekedett BHD kezelés alatt. Fokozott TxB2 o-
dukciót észleltek erythropoietin kezelés alatt van Geet és mtsai [6] valamint Fabrís és 
mtsai [12]. Mindez arra utal, hogy az urémiás trombocita károsodásban az arachidon-
sav metabolizmus is érintett egy funkcionális cyclooxygenase defektus és csökkent 
tromboxán szintézis formájában, amely az rHu-EPO kezelés alatt javulhat. Egyidejűleg 
a cAMP koncentráció szignifikánsan csökkent. Korábbi munkánkban kimutattuk, hogy 
krónikus urémiában a trombocita cAMP-szint emelkedik, amely hozzájárulhat a trom-
bocita aggregáció és a TxB2-release csökkenéséhez (13). A jelen vizsgálatainkban 
megerősítettük, hogy a trombocita cAMP-koncentráció nagyobb mértékben csökken, 
az aggregábilitás és a TxB2 termelés erőteljesebben javul BHD, mint AHD alatt. Ennek 
magyarázata lehet, hogy az acetát gyenge sav és protonos formában Iipid-oldékony. 
Szétkapcsoló szerként viselkedve megakadályozza az ADP-nek ATP-vé történő foszfo-
rilációját, és valószínűleg csökkenti a mitokondriumok belső felszínének elektrokémiai 
potenciálját [25]. Ennek mechanizmusa azonban részleteiben még nem tisztázott. 

ANS titrálással kimutattuk a trombociták felszínén levő pozitív töltéseket. Ezek az 
értékek szignifikáns korrelációt mutattak az aggregábilitással. Általában a biológiai 
membránok töltéseinek eredője negatív [26]. A trombociták [27] és a vérsejtek [28], 
felszíne negatív töltésű, főként a sejtmembrán glycoproteinjében és glycolipidjében 
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levő sziálsav miatt. Azok a hatások, amelyek a trombocitán a felületi pozitív töltések 
részarányát csökkentik, a membránt negatívabbá teszik és valószínűleg csökkentik az 
aggregábilitást valamint a trombociták endotéliumhoz való kitapadását. A kationos 
„surfactant"-ok csökkentik, az anionos surfactantok fokozzák a negatív töltések 
mennyiségét a trombociták felszínén. A dialízis, különösen a BHD kedvező hatása az 
urémiás toxinok és a pH szerepére utal, amelyek változnak a dialízis hatására, de nem 
az erythropoietinre. 

Egyéves erythropoietin kezelés után a vérzési idő normalizálódása nem társult a 
trombocita aggregábilitás és a biokémiai folyamatok teljes normalizálódásával. Ezért a 
magasabb Htk szerepét a vérzési idő megrövidülésében nem tudjuk kizárni. Mind-
azonáltal az rHu-EPO kezelés számottevő változást idézett elő a trombocita aggregá-
bilitásban, az ATP és a tromboxán release-ben, jelentősen csökkent a cAMP koncent-
ráció, mindezek kétségtelenül hozzájárultak a vérzési idő javulásához. Mindezek 
alapján úgy véljük, hogy az erythropoietin terápia egy sor biokémiai változáson 
keresztül javítani tudja a trombocita funkciót, és komplex szerepe van az urémiás 
betegek hemosztázisában. 

Köszönetnyilvánítás 

Ezt a munkát az OTKA támogatta (OTKA TI 86). A szerzők köszönetüket fejezik ki Martin Barratt pro-
fesszornak a londoni Institute of Child Health vezetőjének értékes tanácsaiért. 

Összefoglalás 

A szerzők egyéves erythropoietin kezelés (rHu-EPO) hatását vizsgálták 8 krónikus 
urémiás és dializáit gyermeken. Az rHu-EPO terápia bevezetése előtt a predialízis-Htk 
0,21+0,01, egy évvel később 0,36+0,01 volt. Az egyéves rHu-EPO terápia végén a 
dialízis előtti vérzési idó normális lett (p<0,05), ez együtt járt a vérlemezke aggregá-
ció szignifikáns fokozódásával (p<0,01) az ATP-release (p <0,01) és a TxB2 produk-
ció növekedésével, valamint a cAMP koncentráció csökkenésével (p<0,01). További 
javulás volt megfigyelhető bikarbonát-hemodialízis (BHD) hatására (p<0,01), de 
acetátos-HD alatt (AHD) nem. Szignifikáns pozitív korreláció volt a trombocita agg-
regáció és az ATP-release (r=0,78, p<0,05), valamint az előbbi és a TxB2 produkció 
között (r=0,68, p<0,05). Szignifikáns negatív korreláció volt a trombocita aggregá-
bilitás és a cAMP koncentráció között (r=— 0,7, p<0,05). A vérlemezkék felületi 
pozitív töltése a betegekben szignifikánsan kevesebb volt, mint a kontrollokban 
(p<0,01), és nem változott az rHu-EPO kezelés alatt, ugyanekkor a BHD szignifikáns 
fokozódást idézett elő (p<0,05). Mindez arra utal, hogy a felületi töltés 
befolyásolhatja a trombociták aggregációját. Az rHu-EPO kezelés komplex 
funkcionális és biokémiai változásokat idézett elő az urémiások trombocitáiban. 

IROD ALOM: 1. Esbach JW., Egrie J., Downing RM., Browne JR., Adamson JW.: Correction of the 
anaemia of end stage renal disease with recombinant human erythropoietin. N Eng, J Med 316, 73—77, 
(1987). — 2. Winearls CG., Oliver DO., Pippard MJ„ Reid C., Downing MR., Cotes PM.: Effect of hu-
man erythropoietin derived from recombinant DNA on the anaemia of patients maintained by chronic 
haemodialysis. Lancet 2, 1175—1178, (1986). — "i.JSchaefer RM., Kurner B„ Zech M., Krahn R., Heiland 
A.: Therapie der renalen Anamia mit rekombinantem humanem Erythropoietin. Dtsch Med Wochenschr 
113, 125—129, (1988). — 4. Esbach JW., Adamson JW.: Hematologic consequences of renal failure. In: 
Brenner BM, Rector FC (eds) The Kidney. Saunders WB Co, Philadelphia, p. 2019, (1991). — 5. Moia 
M.. Mannucci PM., Vizotto L„ Casati S., Cattaneo M., Ponticelli C.: Improvement in the haemostatic de-
fect of uraemia after treatment with recombinant human erythropoietin. Lancet 2, 1227—1229, (1987). — 
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pertension, blood viscosity and cardiovascular morbidity in renal failure: implications of erythropoietin 
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bonate and acetate haemodialysis on platelet cyclic AMP concentration, thromboxane Bz-release and aggre-
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Intern Med 726. 823—826, (1970). — 23. Gura V., Creter D„ Levi J.: Elevated thrombocyte calciun 
content in uremia and it's correction by 1,25-alpha(OH) vitarriiit D treatment. Nephron 30, 237—239 
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S. Turi , J. Soos , Cs i l l a T o r d a y , Cs. B e r e c z k i , Z . 'Havass : Changes in platelet Junction r> 
chronic uraemic children during a one-year treatment with erythropoietin. 

The effect of one year erythropoietin-(rHu-EPO)-treatment was studied on 8 haemodialysed childrer 
with chronic uraemia and, 8 control children. The pre-dialysis Htc was 0.21+0.01 before, and 0.36+0.0: 
following one year rHu-EPO therapy. At die end of this period the predialysis bleeding time became norma 
(p<0.05), which was associated with a significant increase in platelet aggregability (p<0.01), ATP-releasi 
(p<0.01), TXB2-production (p<0.01), and with a significant decrease in platelet cAMP concentratioi 
(p<0.01). A further improvement was during bicarbonate haemodialysis (BHD) (p<0.01) but not ii 
acetate haemodialysis (AHD). There was a significant positive correlation between platelet aggregation am 
ATP-release (r=0.78, p<0.05), as well as the former and TXB2 production (r=0.68, p<0.05). ! 
significant negative correlation was found between platelet aggregability and cAMP concentratioi 
(r=—0.7, p<0.05). The platelet surface positive charge which was significantly lower in the patients thai 
in the controls (p<0.01) did not change during rHu-EPO therapy, nevertheless BHD resulted in \ 
significant increase (p<0.05), suggesting that the surface charge may influence platelet aggregation. RHu 
EPO itself stimulated a complex functional and biochemical change in the platelets. 
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Selected Summaries 

| Effect of r-HuEPO on PLT 
•1 function in uraemic children 

Treatment with recombinant human erythropoietin 
(r-HuEPO) has been shown to correct uraemic bleed-
ing tendency in patients with chronic renal failure 
(CRF). The improvement in haemostasis following 
treatment with r-HuEPO could be related to elevation 
of the haematocrit (Hct) and a subsequent increase in 
blood viscosity, or to changes in platelet (PLT) func-
tion, or both. The aim of this study was to investigate 
further the effect of r-HuEPO on haemostasis and as-
sociated biochemical changes in uraemic children 
undergoing haemodialysis. 

Eight patients (mean Hct 21 ± 1%) of mean age 
14.9 ± 3.1 years who had received bicarbonate 
haemodialysis for an average 31.8 ± 5.4 months for 
the treatment of CRF were entered into the study. All 
patients had a history of haemorrhagic tendency. 
Treatment with r-HuEPO commenced at a dosage 
of 50 IU/kg subcutaneousiy (SC) 3 times a week, 
increasing to 75 IU/kg and 100 IU/kg after 4 and 
8 weeks' treatment, respectively. The dosage of 
r-HuEPO was subsequently adjusted from week 13 
onwards to maintain a target Hct of 35%. The fol-
lowing PLT function parameters were assessed be-
fore and after 12 months' r-HuEPO treatment: 
bleeding time; PLT count; PLT aggregation and 
adenosine triphosphate (ATP) release; PLT cyclic 
adenosine monophosphate (cAMP) concentration; 
PLT thromboxane B2 (TXBj) formation and PLT 
surface positive charge. Eight age- and sexrmatched 
patients acted as controls. Neither group of patients 
received drugs known to affect PLT function. 

After 12 months' r-HuEPO treatment, predialysis 
bleeding time decreased significantly from 9.4 ± 
0.6 min at baseline to 5.7 ± 0.6 min (p<0.05); the 
corresponding value in untreated controls was 
4.6 ± 0.8 min. However, mean PLT count did not in-
crease significantly following r-HuEPO treatment. In 
comparison with baseline, r-HuEPO treatment re-
sulted in a significant improvement in PLT aggrega-
bility (p<0.05), ATP release (p<0.05) and TXin-
formation (p<0.01), whereas PLT cAMP concentra-
tion decreased significantly (pxO.Ol). Similar effects 
were observed following haemodialysis. both prior to 
and following r-HuEPO treatment. In comparison 
with untreated controls, however, PLT aggregability, 
ATP release and TXB- formation remained signifi-
cantly attenuated (p<0.001), whereas PLT cAMP 
concentration was significantly elevated (p<0.05). In 
both groups of patients, significant positive correla-
tion was evident between PLT aggregation and ATP 
release or TXB- formation (p<0.05), whereas signifi-
cant negative correlation was evident between aggre-
gation and PLT cAMP levels (p<0.05). and between 
P L T c A M P and T X B - l eve ls ( p < 0 . 0 5 ) . R - H u E P O 
t r e a t m e n t had no e f f e c t on P L T pos i t i ve s u r f a c e 
cha rge , which was s ignif icant ly lower in compar i son 
wi th un t r ea t ed c o n t r o l s (p<0 .01) . H o w e v e r , h a e m o -
d ia lys i s s ign i f i can t ly increased P L T posi t ive s u r f a c e 
c h a r g e (p<0 .05) . S ign i f ican t pos i t ive correlat ion was 
o b s e r v e d b e t w e e n P L T a g g r e g a b i l i t y a n d s u r f a c e 
posi t ive charge in both groups (p<0.05) . 

The authors concluded that long-term administra-
tion of r-HuEPO in uraemic patients leads to im-
proved PLT function and haemostasis. However, as 
normalisation of bleeding time was not associated 
with complete normalisation of PLT aggregability 
and biochemistry, a role for increased Hct in the 
shortening of bleeding time cannot be excluded. 

Reference: Turi S, Soos J, Torday C, et al. The effect of 
erythropoietin on platelet function in uraemic children on 
haemodialysis. Pediatr Nephrol 1994; 8: 727-32 
Cited affiliations: Departments of Paediatrics and 
Experimental Surgery. Albert Szent-Györgyi Medical 
University, Szeged. Hungary: Biological Research Centre. 
Szeged, Hungary 

Comment: It has been recognised for many years 
that a defect in PLT function is a contributory 
factor in uraemic bleeding, although the exact 
mechanism is still unclear. In this study, Turi and 
colleagues demonstrated that r-HuEPO decreased 
bleeding time in children on haemodialysis. 
Although the absolute PLT count did not in-
crease, several parameters of PLT function did 
improve, e-g. aggregability, ATP release and 
TXB2 formation. Despite normalisation of bleed-
ing time, however, the latter parameters of PLT 
function did not normalise. Such results suggest 
an important role for increasing Hct; indeed, it 
may be necessary to increase Hct to within the 
normal range to produce a further improvement 
in the bleeding time. A low Hct level may there-
fore be of greater significance than PLT dysfunc-
tion in uraemic bleeding. 

j Serotonergic mechanisms 
^ improve haemostasis in 
Ér-HuEPO-treated patients 
A l t h o u g h it is e s t a b l i s h e d that r - H u E P O i m p r o v e s 
h a e m o s t a s i s in pa t i en t s with C R F . the m e c h a n i s m s 
under ly ing this e f f e c t h a v e not been d e t e r m i n e d . 
M a n y of the s tud ies f o c u s i n g on the m o d i f i c a t i o n s 
o f h a e m o s t a t i c and fibrinolytic p a r a m e t e r s d u r i n g 
r - H u E P O t r e a t m e n t h a v e been c o n d u c t e d a f t e r 
3 - 6 m o n t h s ' therapy . In contras t , this s tudy f o c u s e d 
u p o n ea r ly c h a n g e s of h a e m o s t a t i c a n d f i b r i n o l y t i c 
p a r a m e t e r s , par t icular ly those changes occu r r ing be-
f o r e the correct ion of anaemia . 

A to ta l of 22 a n a e m i c ( h a e m o g l o b i n ( H b ) l eve l s 
< 8 g /d l ) h a e m o d i a l y s e d pa t ients a g e d 21-61 ( m e a n 
4 0 . 4 ) y e a r s r e c e i v e d r - H u E P O 2 0 0 0 1U S C three 
t i m e s a w e e k a f t e r e a c h dia lys is s e s s i o n . T h e f re -
q u e n c y of r - H u E P O a d m i n i s t r a t i o n w a s r e d u c e d to 
t w i c e w e e k l y w h e n H b levels r e a c h e d 10 g /d l . and 
f u n h e r r e d u c e d to o n c e week ly if the r e s p o n s e re-
m a i n e d s t ab le . Ora l i ron (up to 3 0 0 m g e l e m e n t a l 
i ron pe r day) and folic acid (15 mg a f t e r each d ia ly-
s i s s e s s i o n ) s u p p l e m e n t a t i o n was g iven to c o r r e c t 
i r on a n d fo l ic ac td d e f i c i e n c y p r io r to and d u r i n g 
r - H u E P O t h e r a p y . H y p e r t e n s i v e pa t i en t s r e c e i v e d 
h y d r a l a z i n e and i nc r ea sed u l t r a f i l t r a t ion d u r i n g 

O 1993 Adis International Limited 
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The roles of platelet function, 
thromboxane, blood lipids and nitric 
oxide in hypertension of children and 
adolescents 
Cs. Bereczki,1 S. Túri,1 I. Németh,1 É. Sallai,1 Cs. Torday,2 E. Nagy,31. Haszon,1 F. Papp1 

'Department of Paediatrics, 
"Experimental Surgery, and 
"Clinical Chemistry, University of Szeged, Korányi Str, 14. H-6725 Szeged, Hungary 

Summary The roles of platelet function, plasma lipids and nitric oxide (NO) were studied in adolescent patients with 
essential hypertension (JEHT group), with chronic renal failure (CRF) associated with hypertension (CRFH group), 
and CRF patients with normal blood pressure (CRF group), as compared with normal controls (cont. group). Platelet 
aggregation and the thromboxane B2 (TxB2) level were significantly higher in the JEHT and CRFH groups as 
compared with the cont. group, whereas they were significantly lower in the CRF group. On the other hand, the 
platelet cAMP level was significantly lower in the JEHT and CRFH groups than in the cont. group. The plasma NO 
level was significantly higher only in the JEHT as compared with the cont. group (120 ± 39 and 89 ± 21 uM, 
respectively). The plasma total cholesterol, triglyceride and LDL cholesterol concentrations were normal in the JEHT 
group, but high in the CRF and CRFH group, the HDL cholesterol level was lower in the CRF and CRFH groups as 
compared with the cont. and JEHT groups. There was a positive correlation between the platelet aggregation and the 
TXB2 level and between the BP and the platelet aggregation. In conclusion, hyperlipidaemia is commonly present in 
uraemia with haemodialysis, but is not specific for hypertension in chi ldren, while an increased platelet function is 
frequently associated with hypertension. The increased NO level might play a compensatory role in JEHT. 
© 2000 Harcourt Publishers Ltd 

I N T R O D U C T I O N 

The vascular endothelium controls the vasomotor tone 
by releasing a number of substances, such as nitric oxide 
(NO) and endothelin-1 (ET-1). NO has been shown to play 
a very important role, because it mediates vasodilatation 
and furthermore inhibits platelet aggregation, the expres-
sion of adhesion molecules for monocytes and the adhe-
sion of neutrophils, and impairs the growth of vascular 
smooth muscle cells. An increased oxidative stress, 
decreasing the bioavailability of NO, is mainly responsi-
ble for a blunted endothelium-dependent vasoreactivi-
ty.u Whereas ET-1 has a relatively small influence on the 
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basal regulation of the blood pressure (BP), NO appears to 
play a central role under normal conditions. On the other 
hand, in pathological states a balance between NO and 
ET-1 production may be central to changes in blood ves-
sel reactivity, smooth muscle proliferation and blood 
coaguability.3 Opposing actions of NO and angiotensin II 
(Ang II) in vascular contraction and vascular smooth 
muscle cell proliferation and apopfosis are well docu-
mented. Additionally, various experimental approaches 
have demonstrated that NO negatively modulates the 
renin-angiotension system by inhibiting angiotensin con-
verting enzyme (ACE) activity and down-regulating AT-1 
receptors. NO inhibits the proliferation4 and migration5 

induced by Ang II in vascular smooth muscle cells. NO 
has emerged as a factor regulating the renin-angiotensin 
system at different levels, while Ang II seems to have a 
regulatory influence on NO generation.6 As hypertension 
is a major risk factor for stroke and myocardial infarction, 
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the platelets play a fundamental role in such disease 
processes. Under physiological conditions, there is an 
equilibrium between pro-aggregating and anti-aggregat-
ing factors predominate. Some antihypertensive drugs 
tend not only to reduce the elevated BP to control levels, 
but also to reduce the platelet aggregation and re-estab-
lish the broken equilibrium in eicosanoid production.7 

Adult patients with hypertension display a state of hyper-
aggregation, even with no other risk factors for cardiovas-
cular disease. The platelet aggregation, the P-selectin 
(CD62) expression on the platelet surface, the serum lev-
els of interleukin-lbeta and of interleukin-6, and the plas-
ma levels of soluble P-selectin and endothelin-1 are 
reduced with the normalization of BP.8 Dockrell et al. 
demonstrated that the enhanced platelet sensitivity to 
endothelin-1 in young men with high BP appears to be a 
feature of a familial predisposition to hypertension.' 

Diabetes mellitus, cigarette smoking, hypercholestero-
laemia and an increased body mass index are well-known 
risk factors for hypertension in adults. Experimental and 
clinical data suggest an important interaction between 
hyperlipidaemia and hypertension. Not only do they fre-
quently coexist, but hypertension dramatically exagger-
ates hyperlipidaemic injury and substances which 
maintain the basal vascular tone.10 The occurrence and 
the role of these metabolic states have not been investi-
gated in children. Accordingly the aim of this study was 
to examine the roles of hyperlipidaemia, the platelet func-
tion and plasma NO in juvenile essential hypertension 
(1EHT). 

MATERIALS AND METHODS 

Examinations were performed on 14 patients with chron-
ic renal failure (CRF) undergoing chronic bicarbonate 
haemodialysis (BHD) three times a week, eight of them 
with hypertension (four boys and four girls, aged 14.6 ± 
3.6 years), six with normal BP (three boys and three girls, 
aged 13.4 ± 2.9 years), on 12 patients with JEHT six boys 
and six girls, aged 12.7 ±4 .1 years), and on ten age- and 
sex-matched controls. The chronic uraemic patients with 
hypertension were on calcium channel blocker or ACE 
inhibitor therapy, while the patients with JEHT were 
before the start of any treatment. In both hypertensive 
patient groups, causes of endocrinological, cardiological, 
neurological and renovascular origin were excluded. In 
the JEHT group, the renal function and the ultrasono-
graphic findings were normal. The patients with CRF had 
an original nephrological diagnosis of obstructive uropa-
thy (5), renal agenesia with hypoplastic kidney on the 
contralateral side (4), polycystic kidney kidney disease (2), 
acute tubulointerstitial nephritis with tubular necrosis 
(1), membranoproliferative glomerulonephritis (1) or 
focal segmental glomerulosclerosis (1). 

None of the patients received on-steroidal anti-
inflammatory drugs, albumin or blood transfusion in the 
two-week period prior to the study. Neither the patients 
nor the controls took any medication known to affect the 
platelet function. The study was approved by the 
University Ethical Research Committee. 

Blood pressure was measured with an BP monitoriza-
tion (ABPM) system in all groups. 

Blood samples (9 ml) from a peripheral vein were col-
lected in plastic tubes containing 1 ml 3.8% trisodium cit-
rate. Citrated blood was centrifuged at 500 g for 10 min at 
room temperature to obtain platelet-rich plasma (PRP). 
Platelet-poor plasma (PPP) was obtained by centrifugation 
of the PRP at 4000 g for 10 min. The PRP platelet count 
was adjusted to 300 x lOVfjul. 

Platelet aggregation 

Platelet aggregation was carried out with a laser rheoag-
gregometer (Servibio, Meudon, France," using collagen 
stimulation (Kollagen reagents, Hormon Chemie, 
Munich, Germany) at a final concentration of 1 ng/ml 
PRP. The slope and the amplitude of the platelet aggrega-
tion curves obtained with light transmission and light dif-
fusion simultaneously were estimated by computer 
analysis. The results of platelet aggregation were 
expressed in aggregation units (AU = slope x amplitude 
of platelet aggregation curve). 

cAMP concentration in platelets 

The concentration of cAMP in the platelets was measured 
following aggregation.12 Platelets were lysed and cAMP 
was released by cytolysis. During preparation, the platelet 
cAMP was protected from cAMP-dependent phosphodi-
esterase (PDE) with a diluting buffer containing (in final 
concentration) 0.5 mM 3-isobutyl-l-methyIxanthine 
(Sigma, Poole, UK), a specific PDE inhibitor, and the mix-
ture was handled as described elsewhere.1213 cAMP was 
determined in 50 (jd of the supernatant of the lysed 
platelets with a cAMP binding assay kit (Amersham TRK 
432, Amersham, UK).13 

Thromboxane B2 (TxB2) measurements 

The platelet TxB2 levels in both the controls and the 
patients were measured by radioimmunoassay14 on 
aliquots of the supernatant after the measurement of 
platelet aggregation. The sensitivity of the method was 
3 ng/ml. 

Analysis of nitrite and nitrate 

Venous blood anticoagulated with EDTA was separated 
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Table 1 Comparison of blood pressure and in vitro platelet 
aggregation 

Dg n Platelet Systolic BP Diastolic BP 
aggregation (mmHg) (mmHg) 

(AU) 

Control 10 16 893 ± 1 258 104.4 ± 6.9 75.2 ±5.3 
JEHT 12 33 904 ± 2 869*" 174.1 ± 14.9"* 106.3 ± 10.4*** 
CRFH BHD 8 21 599 ± 3 742** 157.1 + 13.6*" 99.2 + 8.9*** 
CRFH AHD 8 30 629 ± 4 303*" 187.1 ± 12.4"* 117.5 ± 3.9*** 
CRF BHD 6 13 846 ± 1 923* 114.4 ±9.1 80.2 ± 6.2 
CRF AHD 6 13 306 ± 1 923* 112.3 ±11.5 72.3 ±13.5 

JEHT: juvenile essential hypertension; CRF: chronic renal failure; 
CRFH: CRF + hypertension; BHD: before haemodialysis; 
AHD: after haemodialysis. 
Statistical analysis - comparison with the control values: *:P<0.05; 

":P<0.01; *":P<0.001. 

by centrifugation (4°C, 1500 g x 10 min) and plasma sam-
ples were stored at -72°C before analysis. To eliminate 
high-molecular weight particles, samples were dialysed 
before injection onto a Polyspher IC AN-1 column (Merck 
Inc., Darmstadt, Germany). The anions were eluted iso-
cratically by a mobile phase consisting of 2 mM NaCl, 
2 mM Na2S04 1.5% methanol, pH 3.0, at a flow rate of 
2.0 ml/min.15 The amounts of nitrite and nitrate were 
determined by UV spectrophotometry (210 nm). 

Plasma cholesterol and triglyceride measurements were 
carried out by standard methods. 

Statistical analysis 
All platelet aggregation, ATP, cAMP, TxB2 and lipid mea-
surements were carried out in duplicate. Statistical analy-
sis was performed with a paired f-test and the Spearman 
rank correlation test. The results for the groups are given 
as mean values and standard deviations. 

R E S U L T S 

The values of systolic and diastolic BP and platelet aggre-
gation are demonstrated in Table 1. The Systolic and dias-
tolic BP were significantly elevated in the JEHT (P<0.001) 
and CRFH groups before and after dialysis (P<0.001). The 
post-dialysis values were significantly higher than those 
prior to dialysis (P<0.05). There were no significant differ-
ences between the CRF patients (before and after dialysis) 
and the controls. The predialysis BP in the CRFH group 
did not differ significantly from that for the controls. The 
platelet aggregation was significantly higher in the JEHT 
and CRFH group following dialysis (P<0.01). A significant-
ly reduced platelet aggregation as compared with the 
controls (P<0.01) was demonstrated in the CRF group 
both before and after dialysis. There were positive corre-
lations between both the systolic and the diastolic BP and 
the platelet aggregation (r: 0.59 and r: 0.56, respectively, 
P<0.05; Table 1). 

nitric oxide in hypertension of children and adolescents 2 9 5 

Table 2 Platelet thromboxane B2, cyclic AMP and plasma N03 
levels 

Dq n Platelet cAMP (pmol/109 Plasma N03 
TxB2 (ng/ml) platelets) 

Control 10 178 ± 16 39.1 ±9.6 89 ±21 
JEHT 12 392 ± 69*** 24.3 ± 5 . 1 " 120 ±3 .9 " 
CRFH BHD 8 273 ± 34** 29.1 ±4.1 85.8 ±10.4 
CRFH AHD 8 388 ± 29*** 15.4 ± 7 3 " * 59.7 ± 6.8** 
CRF BHD 6 156.4 ±28.2 32.5 ± 5.8 78.5 ± 7.2 
CRF AHD 6 165.3 ±17.4 43.2 ± 7.6 48.5 ± 5.8" 

JEHT: juvenile essential hypertension; CRF: chronic renal failure; 
CRFH: CRF + hypertension; BHD: before haemodialysis; 
AHD: after haemodialysis. 
Statistical analysis - comparison with the control values: **:P<0.01; 
"*:P<0.001. 

The results relating to the platelet TxB2, cAMP and plas-
ma N03 are presented in Table 2. The TxB2 release was 
significantly higher during platelet aggregation in the 
JEHT group (P<0.001) and in the CRFH group (P<0.01 
and P<0.001, respectively, before and after dialysis). A 
significant positive correlation was found between the 
platelet aggregation and TxB2 release data (r: 0.47, 
P<0.05). No significant differences were observed in the 
platelet TxB2 results between the CRF group and the con-
trols. The platelet cAMP concentration was significantly 
lower in the JEHT group (P<0.01) and the CRFH group 
after dialysis (P<0.001) as compared with the controls. In 
the CRF group (before and after dialysis) and the CRFH 
group (before dialysis) the results did not reveal any 
significant differences from the control data. A negative 
correlation exsisted between the platelet aggregation and 
cAMP levels (r: -0.42, P<0.05). The plasma N03 concen-
tration was significantly higher in the JEHT group 
(P<0.01) and lower in the CRF and CRFH groups as com-
pared with the controls (P<0.01). A negative correlation 
was found between the plasma N03 level and the platelet 
aggregation (r: -0.49, P<0.05; Table 2). 

The plasma lipoprotein values are listed in Table 3. The 
plasma total cholesterol and triglyceride levels were 
significantly higher in each uraemic group as compared 
with the controls (before and after dialysis, PC0.05, CRFH 
AHD triglyceride P<0.01). The LDL-cholesterol level was 
significantly higher (P<0.001), while that of HDL choles-
terol was significantly lower (P<0.001) in the CRF and 
CRFH groups (before and after dialysis) as compared with 
the controls. All these lipoprotein values were normal in 
the JEHT group. There was no significant difference in 
plasma VLDL concentration between any patient group 
and the controls. No significant correlation was found 
between the plasma lipid values and the BP or the 
platelet aggregation (Table 3). 

D I S C U S S I O N 

An important interaction occurs between hyperlipi-
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Table 3 Plasma lipoprotein values 

Dg n Cholesterol pM Triglyceride p.M LDL-cholesterol (%) HDL-cholesterol (%) VLDL-cholesterol (%) 

Control 10 4.5 ± 0.7 1.2 ± 0.6 43.3 ± 5.8 28.6 ±6.1 27.7 ±8.1 
JEHT 12 4.5 ±0.8 1.4 ±0.9 44.2 ±4.5 28.2 ±5.9 25.9 ±6.2 
CRFH BHD 8 5.9 ±1.1* 2.1 ±1.2* 64.4 ± 5.5*** 15.2 ±0.8*** 19.2 ±3.9 
CRFH AHD 8 5.6 ±0.5* 3.6 ± 1 . 1 " 62.7 ± 6.2*** 15.4 ±0.5*** 21.2 ±3.4 
CRF BHD 6 5.8 ± 0.7* 2.3 ±1.1* 58.3 ± 5.3*** 15.6 ±0.4*** 24.1 ±2.2 
CRF AHD 6 5.9 ± 0.8* 2.7 ±1.2* 53.6 ± 6 . 1 " 15.8 ±0.5*** 25.3 ±6.4 

JEHT: juvenile essential hypertension; CRF: chronic renal failure; CRFH: CRF + hypertension; BHD: before haemodialysis; AHD: after 
haemodialysis. 
Statistical analysis - comparison with the control values: *:P<0.05; **:P<0.01 ; "*:P<0.001. 

daemia and hypertension. Hypertension exaggerates a 
hyperlipidaemic injury, and hyperlipidaemia alters the 
systemic and glomerular vascular production of vasoac-
tive substances which maintain the basal vascular tone.10 

The study by Hayakawa and Raij16 revealed that lipid oxi-
dation products may reduce the NO bioactivity without 
affecting the endothelial NO synthase activity. A 
decreased NO bioavailability does not necessarily result 
in systemic hypertension, but it may enhance the sensi-
tivity to the hypertensinogenic effect of dietary salt. In 
our patients with JEHT, the total cholesterol and LDL-cho-
lesterol levels were normal, which is very uncommon in 
adult patients with essential hypertension. The role of 
dyslipidaemia in JEHT can therefore not be supported. 
Other risk factors, such as smoking, diabetes and alcohol 
consumption, can also be excluded in these patients with 
JEHT. The absence of dyslipidaemia in JEHT and the pres-
ence in uraemia with or without hypertension may 
exclude it's pathogenetic role in JEHT, and it seems to be 
a consequence of uraemia rather than the cause of hyper-
tension. Nevertheless, hyperlipidaemia and dyslipidaemia 
may increase the progression of vascular damage in CRFH. 

In vitro platelet aggregability and TxB2 release were 
significantly higher in the JEHT and CRFH groups. 
Although CRF itself is associated with a low platelet 
aggregability, this becomes increased in hypertension. 
The platelet aggregation was independent of the plasma 
lipid concentration, but there was a significant positive 
correlation between the platelet aggregation and TxB2 
release. The lower level of platelet cAMP resulted in a 
reduced control in platelet activation in both hyperten-
sive groups. In these patients the significantly higher 
TXB2 release may contribute to a generalized vasocon-
striction and a further increase in platelet aggregation. 
Our patients with JEHT and CRFH presented a significant 
positive correlation between the platelet aggregation and 
the BP. In the study by Riondino et al, a significant corre-
lation was observed between all platelet function parame-
ters and blood pressure values.8 An increased platelet 
aggregation in JEHT may therefore play a role in the 
progression of hypertension before the development of 
atherosclerosis. Hypertension and platelet hyperaggrega-

bility might have a common aetiological factor. As 
demonstrated by Riondino at al.8 in a population of older 
hypertensive patients with no other risk factor for athero-
genic disease, normalization of the BP resulted in a 
significant reduction in platelet hyperactivity. 

In CRFH, the platelets are overactivated, probably by 
the same factors as those responsible for the hyperten-
sion. The increased platelet aggregation with hyperlipi-
daemia, and dyslipidaemia (a high level of LDL-cholesterol 
and a low level of HDL-cholesterol) may increase the pro-
gression of atherosclerosis and hypertension in CRFH. 

Ang II may stimulate endothelial NO synthase activity 
and NO release, which could further inhibit the ACE 
activity and down-regulate the AT-1 receptors via a nega-
tive feed-back. An increase in NO generation would be 
balanced by an activation of the renin-angiotensin system 
and AT-1 synthesis, which might compete with NO for 
the active centre of ACE. A lack of NO results in an 
increased action of AT-2, with severe pathophysiological 
consequences.6 Our patients with CRFH had a significant-
ly decreased level of plasma N03 by the end of the dialy-
sis in parallel with a markedly increased BP. This may 
correspond to the ACE and ATI receptor modelling role 
of NO. In the JEHT paients, the observed elevation in 
plasma N03 level might be a result of AT-2 stimulation. 
The explanation of the missing vasodilatator effect of NO 
could be an increased degradation, probably caused by 
superoxide anion released from the dysfunctional vascu-
lar endothelium. Endothelin produced locally could 
strenghten the effects of other vasoconstrictors. 

In summary, increased platelet aggregation and TxB2 
release are characteristic features of JEHT and uraemic 
hypertension, contributing to the BP elevation, while 
hyperlipidaemia is more common in CRF, regardless 
blood pressure and does not have a role in the pathogen-
esis of JEHT at an early stage. In addition, JEHT patients 
exhibit a compensatory increase in plasma NO level. 
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