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Sodium and potassium concentrations of red 
blood cells and plasma in children with 

nephrotic syndrome, uraemia and pyelonephritis
Z T o l d i , S T u r i

D e p a rtm e n t o f P aed ia tric s , U n iv e rs ity  M edical School, Szeged, H u n g a ry

T h e  so d iu m  and  p o tass iu m  co n cen tra tio n s  o f th e  red  b lood  cells a n d  
th e  p la sm a  in  38 ch ild ren  w ith  p y e lo n e p h r itis  (19 acu te , 10 ch ro n ic  a n d  
9 healed ), 6 ch ild ren  w ith  u raem ia , a n d  20 ch ild ren  w ith  nep h ro tic  sy n d ro m e  
w ere co m p a red  w ith  those  of co n tro l ch ild ren . T he  red  blood cell so d iu m  
co n c e n tra tio n  w as low er in  p a tie n ts  w ith  a c u te  pyelonephritis, u ra e m ia , a n d  
s te ro id - tre a te d  n ep h ro tic  syndrom e, a n d  h ig h er in  those w ith  chronio  p y e lo 
n ep h ritis  a n d  n eph ro tic  synd rom e n o t  tr e a te d  w ith  stero ids. E x c e p t in  
u raem ic  oases, these  a lte ra tio n s  w ere n o t  accom pan ied  by  p la sm a  so d iu m  
an d  p o ta s s iu m  changes. T he re su lts  m ig h t be  explained b y  p a th o lo g ica l 
N a+  a n d  K +  tra n sp o r t processes in  th e  red  cell m em brane. T h e  possib le  
role o f ex tra c e llu la r  fluid vo lum e changes, sod ium  loss and  w a te r  re te n tio n  
a re  d iscussed .

The N a+ and K + composition of 
the human red blood cells (RBCs) are 
close to those of other cells, and the 
RBC is a good model for the study of 
intracellular electrolytes and mem
brane transport processes [1, 18, 19]. 
The Na+ and K + concentration of 
the RBCs have previously been in
vestigated mainly from the aspect of 
cardiac glycosides or arterial hyper
tension [7, 14, 26, 27].

We have studied the Na+ and K + 
concentrations of the RBCs and 
plasma in children with pyelonephri
tis, uraemia and nephrotic syndrome, 
with a view to establish whether there 
was a connection between the type of 
the disease and the electrolyte differ
ences.

1

P a t i e n t s  a n d  M e t h o d s

T h e  R B C  a n d  p lasm a co n cen tra tio n s  o f  
N a +  a n d  K + w ere determ ined  in  63 ch il
d re n  w ith  re n a l diseases an d  in  16 h e a lth y  
c o n tro l ch ild ren , b y  th e  m e th o d  d escrib ed  
b y  F o r te s  M ayer a n d  S ta rk ey  [5]. A ll p a 
tie n ts  w ere  undergo ing  tr e a tm e n t in  o u r  
D e p a r tm e n t;  th e y  com prised 19 w ith  a c u te  
p y e lo n ep h ritis , 10 w ith  chronic p y e lo n e p h 
r i tis , 9 w ith  hea led  pyeloneph ritis , 6 w ith  
u ra e m ia  a n d  20 w ith  nephro tic  sy n d ro m e . 
T h ere  w as  no  difference in age d is tr ib u tio n  
b e tw een  th e  p a tie n ts  an d  th e  c o n tro ls . 
B esides th e  m assive  p y u ria  an d  b a c te r iu r ia  
ob se rv ed  in  u rin e  o b ta ined  b y  b la d d e r  
p u n c tu re , th e  c rite r ia  o f p y e lo n ep h ritis  
w ere th e  c lin ica l sym p tom s an d  th e  d ecrease  
in  re n a l co n c e n tra tin g  cap a c ity . C ases 
w ere re g a rd e d  as  chronic if  le u c o c y tu ria  
a n d  b a c te r iu r ia  h a d  persisted  fo r lo n g er 
th a n  o n e  m o n th  in  sp ite  of d irec ted  a n t i 
b io tic  tr e a tm e n t .  I n  add ition , u r in a ry  oon-
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c e n tr a t in g  c ap ac ity  rem ain ed  depressed  
a n d  I .  V . u ro g ra p h y  rev ea led  sy m p to m s of 
ch ro n ic  p y e lo n ep h ritis . I n  3 of th e  n ep h ro 
tic  sy n d ro m e  p a tie n ts , a  m o d e ra te  degree 
o f c le a ran ce  red u c tio n  w as observed ; th e  
o th e r s  d id  n o t  d isp lay  azo ta em ia . D u rin g  
th e  t im e  o f th e  ex am in a tio n , th e  nep h ro tic  
sy n d ro m e  p a tie n ts  received  u n ifo rm  doses 
p e r  w e ig h t o f lasix , KC1 an d  sp irono lac tone , 
w ith  p red n iso lo n e  o r ch lo ram b u c il t r e a t 
m e n t  w h e n  necessary . 21 o b serv a tio n s 
w ere  p e rfo rm e d  on  16 p a tie n ts  before  or 
w ith o u t  p redn iso lone  tr e a tm e n t,  a n d  23 
o b se rv a tio n s  w ere p e rfo rm ed  o n  17 p a tie n ts  
d u r in g  p redn iso lone  tr e a tm e n t.  M oderate  
h y p e r te n s io n  (average 21.6/12 k P a )  w as 
o b se rv e d  in  2 of th e  n ep h ro tic  syndrom e 
p a t ie n ts  a n d  3 of th e  u raem ic  p a tie n ts . 
T h e y  p a r t ic ip a te d  in  m e th y ld o p a  a n d  p ra - 
zo sine  t r e a tm e n t .  A  p a th o lo g ica l acid-base 
f in d in g  w as observed  in  2 u raem ic  p a tie n ts  
w ith  a  m o d e ra te  degree of co m p en sa ted  
m e ta b o lic  acidosis k e p t in  equ ilib riu m  b y  
th e  a d m in is tra tio n  of 1 g  N a H C 0 3 daily . 
T h e  se ru m  u re a  n itro g en  level in  th e  u ra e 
m ic  p a t ie n ts  w as 22 — 27 m m ol/1; one of 
th e m  u n d e rw e n t h aem od ia ly s is  tre a tm e n t.

R e su lts  a re  p resen ted  in  T ab les  I  a n d  П . 
S ta t is t ic a l  ev a lu a tio n  w as p e rfo rm ed  w ith  
S tu d e n t’s t  te s t.

R e s u l t s

Table I presents RBC and plasma 
Na + and К  + concentrations in healthy 
children and in children with acu
te, chronic or healed pyelonephritis 
and with uraemia. A significantly 
lower RBC Na+ level was observed 
in acute pyelonephritis, and a signif
icantly higher one in chronic pyelo
nephritis. The observed electrolyte 
values for the healed pyelonephritis 
cases corresponded to those of the 
controls. In the uraemic patients, 
higher plasma K+ and lower RBC 
Na+ concentrations were found. Be
cause of the low number of cases, sig- 
finicance was not calculated.

T a b l e  I

P la s m a  an d  red  b lood  cell N a + a n d  K +  c o n c e n tra tio n  in h ea lth y  ch ild ren  a n d  
in  ch ild ren  w ith  a cu te , ch ronic  o r h ea le d  p y e lo n ep h ritis  and  w ith  u ra e m ia

Plasma Bed blood cells

n
Na +

X
mmol/1

SD
K +

X
mmotyl

SD
Na+

X

mmol/1
SD

K+
X

mmol/1
SD

H ealth y  children 16 140 ± 2 4.0 ± 0 .3 6.5 ± 0 .6 94.4 ± 3 .1
A cute pyelonephritis 19 139 ± 2 4.1 ± 0 .4 4.8 ±0.8** 93.6 ± 3 .1
Chronic pyelonephritis 10 140 ± 2 4.0 ± 0 .5 7.6 ± 1 .0* 96.4 ± 3 .4
H ealed  pyelonephritis 9 139 ± 4 4.1 ± 0 .5 6.4 ± 0 .4 96.0 ± 4 .0
U raem ia 6 137 ± 6 4.6 ± 0 .5 4.9 ± 1 .2 92.5 ± 3 .8

* p <  0.01
** p  <  0.001

Table II lists the results of the 
nephrotic syndrome patients. With
out steroid treatment, the RBC Na + 
concentration was significantly higher, 
while the plasma Na+ concentration 
was significantly lower than the levels

of the controls. In response to steroid 
treatment, the RBC N a+ level fell to 
a significantly lower value as com
pared to the controls, while the plasma 
Na+ increased to normal.
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T a b l e  I I

P la sm a  an d  red  b lood  cell N a +  a n d  K +  co n cen tra tio n s  in  nep h ro tic  sy n d ro m e
p a tie n ts

n
Plasma

Na+
X

mmol/1
SD

K  +
X

mmol/1
SD

Bed blood cells 
Na+ mmol/1 

ï  SD
K +

X
mmol/1

SD

Before o r w ithout
prednisolone treatm ent 21 137 ± 3 * 4.2 ± 0 .9 8.1 ±1 .4** 93.7 ± 4 .7

D uring prednisolone 
trea tm en t 23 140 ± 2 4.0 ± 0 .3 6.1 ±1 .1** 93.3 ± 4 .2

* p  <  0.01 
** p  <  0.001

D i s c u s s io n

The Na+ and K + concentrations 
of the control RBCs and plasma were 
in accordance with recent data in the 
literature [3, 5].

The lower RBC Na + concentration 
observed in acute pyelonephritis was 
of interest, as in other investigations 
higher RBC Na+ levels were found 
in diseases involving acute inflamma
tion of the airways. The cause of the 
latter phenomenon is presumably the 
inhibitory effect of inflammation on 
the activity of the Na—К  pump. 
Furthermore in chronic pyelonephritis 
an impaired urinary concentrating 
mechanism is leading to polyuria and 
extracellular water loss. The compen
satory water efflux from the cells into 
plasma causes a relative higher Na+ 
concentration in RBC. These changes 
in Na—К  pump activity and extra
cellular fluid volume are possibly cor
responding to the alteration of RBC 
Na+ level in chronic pyelonephritis. 
A possible reason for the lower RBC 
Na+ level in acute pyelonephritis is 
that in pyelonephritis PGE synthesis 
by the kidney is enhanced [23]. PGE

probably inhibits tubular Na+ and 
water reabsorption. The process acts 
in the direction of hyponatraemia, 
which is counteracted by the Na+ 
leaving the RBCs. In healed pyelo
nephritis the RBC Na+ level is nor
mal.

Both elevated and depressed RBC 
Na+ levels have been described in 
uraemic diseases [4, 11, 24, 25, 28]. 
The inhibitory effect of uraemic toxins 
on the function of the Na—К  pump 
is assumed to be the cause of the ele
vation in RBC Na+ level [11, 13]. 
This was disputed by Funder and 
Wieth [6], who considered the role 
of acid-base changes. Cumberbatch 
and Morgan [2] attributed the lower 
RBC Na+ level to the decreased per
meability of the membranes. As to 
the RBC electrolyte changes, Sig- 
ström [21] distinguished between 
slowly and rapidly progressing urae
mia. Another possible explanation is 
that in patients with chronic uraemia 
a renal sodium loss and water reten
tion exist simultaneously, causing a 
lower level of sodium in the extra
cellular fluid. This was counteracted 
by Na+ efflux into plasma, and water
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transport into RBC. In  4 o f  our 5 
uraem ic patients, the RBC N a+  con
centration was depressed, while in 
som e cases higher plasm a K +  values 
were found.

In  th e  patients with nephrotic syn
drome, high RBC Na+ and low  plasma 
N a + levels were observed before or 
w ith ou t steroid treatm ent. Similar 
values were measured after therapy 
had been stopped. The cause o f the 
low  plasm a Na+ level m ay have been 
th e system ic diuretic treatm ent. There 
m ay be a number o f reasons for the 
increase in the RBC N a+ concentra
tion . A  role is presumably played in 
th is b y  lasix treatment, which blocks 
th e N a  + , K+-ATPase activ ity . We 
believe that another im portant causal 
factor are the hypercholesterinaemia, 
hyperlipidaemia and hypertriglycerid- 
aem ia typical of the nephrotic syn
drom e. The pathological lipoprotein 
com position of plasma leads to a 
change in the lipid com position of the 
R B C  membrane. Accordingly, there 
is a change in the flu id ity  of the 
membrane, which has a substantial 
influence on the N a + , К  + -ATPase 
a ctiv ity  and the part-phenomena of 
N a  + and K + transport [10,17]. Jack- 
son  and Morgan [10] induced an in
crease in the RBC N a + level by the 
administration o f cholesterol in  vitro.

In  response to  steroid treatment, 
R B C  N a + concentration fell signifi
ca n tly  as compared to  th e  control 
level. The effects of steroid treatment 
on th e  N a +, К +-ATPase activ ity  have 
already been described [9, 20]. The 
decrease in RBC N a+ concentration 
as a  result of steroid therapy has been

discussed previously in some patients 
with various diseases [12]. W e did 
not observe any change in the RBC  
K + concentration; the continuous ad
ministration o f diuretics m ay have 
had a part in  this. The plasma N a + 
level was found to  be lower before or 
without steroid treatment, and to  
normalize when steroids were given. 
As a consequence o f the plasma Na+  
increase and RBC Na+ decrease in 
response to  steroid treatment, it may 
be assum ed that steroid treatment 
gives rise to  the altered position of 
the extra-intracellular electrolyte 
equilibrium by enhancement o f the 
activ ity  o f  the RBC N a—К  pump.

The effect of steroid treatm ent in 
decreasing the RBC Na + concentra
tion m ay be connected with the bene
ficial therapeutic action o f the ste
roids. In  work on fibroblast cell cul
tures Mendoza [15] found that the up
take o f N a  + plays an important role 
in  the regulation o f cell proliferation. 
Since it has been demonstrated that 
virtually all cell membranes possess 
Na + , K  + -ATPase activity [1, 19, 20], 
the steroids inhibit cell proliferation 
by decreasing the intracellular Na+. 
Further studies are needed to  in 
vestigate the possible role o f natriure
tic hormone [8, 22] in the altered 
membrane transport o f sodium dur
ing the changes o f extracellular fluid  
volum e and in nephrotic patients with 
and w ithout steroid therapy.

W e have attempted to classify the 
nephrotic syndrome patients in  ac
cordance with the basic process. They 
were divided into steroid-sensitive 
and steroid-resistant cases. No essen-
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tial difference was, however, found 
between the electrolyte values for the 
two groups, either before or during 
prednisolone treatment.

Total-body isotope examinations 
have revealed that there m ay be ap
preciable total-body electrolyte d if
ferences, even when the plasma elec
trolyte composition is normal [16]. 
Our results demonstrate that the Na+

and K + compositions o f  the RBCs 
may vary in different ways than those 
of the plasma in certain renal dis
eases.
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