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Examination of the Ouabain-Sensitive Na-K 
Pump in Essential Hypertensive Children 

of Normal Body Weight
G K o l t a i , Z A r a n y i , A  C z i n n e r

F ir s t  D e p a rtm e n t o f  P e d ia tr ic s , Sem m elw eis U n iv e rs ity  M edical School, B u d a p e s t

T he  ouab a in -sen sitiv e  N a -К  p u m p  o f  e ry th ro cy te s  w as  ex am in ed  in 
17 n o rm o  ten s iv e  an d  15 essen tia l h y p e rten s iv e  ch ild ren  a g ed  6 — 16 years. 
C hildren  w ho p ro v ed  to  be f a t  acco rd ing  to  skinfo ld  m e a su re m e n ts  were 
excluded  fro m  th e  exam inations. T h e  a c tiv ity  o f  th e  o u ab a in -sen sitiv e  Na- 
K  p u m p  w as assessed b y  m easuring  th e  ra tio  o f  N a-ion  e ff lu x  a n d  K-ion 
in flux  th ro u g h  th e  e ry th ro cy te  m em b ran e  prev iously  t r e a te d  w ith  para- 
ch lo ro -m ercu ry  benzol su lp h o n a te . I n  essen tia l h y p e rte n s iv e  ch ild ren  the 
ra tio  o f  th e  N a /К  fluxes w as found  to  be  ch a rac te ris tica lly  5 .8 i 2.0, showing 
a  m a th e m a tic a lly  sign ifican tly  m ore  ac tiv e  (p <  0.05) N a -К  p u m p  function  
th a n  in  th e  c o n tro l g ro u p  9.6 i  6.8. A ccord ing  to  th e  re su lts , how ever, the 
m ethod  is su ita b le  o n ly  fo r th e  se p a ra tio n  o f  g roups an d  n o t  o f  ind iv iduals.

In the developed countries some 
50% of the mortality is caused by 
diseases of the circulatory system. 
During the last decade this high mor
tality ratio started to decrease in 
several countries, so in Finland [11], 
Belgium [12] and the United King
dom [9], among others. According to 
WHO [23] the mortality of cardio
vascular diseases has considerably 
been reduced in a large part of the 
world, while in other countries e.g. 
in Hungary, it still increases moder
ately. In 1960 out of 10 000 Hungar
ian inhabitants 45 had died from 
cardiovascular disease while in 1982 
this number was 73.

In countries where the mortality 
has decreased, the health organiza
tions carried out an effective pre
vention programme, trying to rec
ognize the earliest possible the risk

factors of the cardiovascular system 
and to eliminate them. One of the 
best known risk factors present in 
10 — 20% of the grown-up population, 
is essential hypertension.

According to Rossi and König [20], 
the frequency of hypertension in 
childhood is only 1 — 3%. According 
to Bühlmeyer [2] hypertension in 
childhood is of renal origin in 79% and 
of essential character only in 5%; 
other workers have observed essen
tial hypertension in children more 
frequently. All data state, however, 
that essential hypertension begins in 
childhood, and that its rate increases 
with age.

According to present knowledge, 
essential hypertension is the con
sequence of multifactorial causes [4]. 
It seems to manifest itself under the 
effect of environmental factors in
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genetically determined persons. If 
this hypothesis would agree with the 
facts, early recognition of the endan
gered persons were possible with the 
help of genetical markers, and thus 
the onset of the disease could be 
prevented.

In the last 15 years, several selec
tive and non-selective population 
studies have dealt with the cardio
vascular risk factors. Specific investi
gations were carried out primarily in 
children whose parents had had car
diac infarction in their young days. 
In their case it is namely likely that 
under similar aetiologic and familial 
circumstances a metabolic disturb
ance of the lipoproteins would occur 
more frequently than in the healthy 
population [10]. At the same time, 
other authors examined the erythro
cyte membrane. Its ion content and 
transport mechanism were compared 
in a normotonic population and in a 
population with essential hyperten
sion and their direct relatives.

Some of the main steps in research 
were as follows. In 1960 Losse et al 
observed a different Na content [14] 
and in 1977 Poston et al [19] a dif
ferent Na permeability and Ca-bind- 
ing power of the red blood cell mem

brane and an increased Na-К ATP- 
activity in hypertonics compared to 
the control group. In 1978 new data 
were reported on the lithium ion 
transport of erythrocytes [16] and 
on their Na-К pump [21]. Then 
Garay and Meyer [6] described a new 
test which is able to detect the 
changed activity of Na+ and K+ flux 
in the erythrocytes of patients with 
essential hypertension. This was soon 
followed by the observation of Meyer 
et al [15] of the activity decrease of 
Na-К cotransport in ouabain treated 
erythrocytes in patients with essen
tial hypertension and in their direct 
descendants. These results have been 
confirmed by Davidson et al [4].

Na-Li exchange can similarly be 
examined in the membranes of oua
bain inhibited erythrocytes; it was 
found to be increased in the erythro
cytes of patients with hypertension 
[3, 5, 22].

From among the above-mentioned 
observations the most important ones 
from the point of view of essential 
hypertension are shown in Table I. 
The present work deals with the 
ouabain sensitive Na-К pump (Fig. 1) 
in normotensive and essentially hy
pertensive children.

T able I

T ra n s p o r t  processes in  th e  e ry th ro c y te s  o f essen tia lly  h y p erten s iv e  (E H ) a n d
no rm o tensive  p a tie n ts

Transport process Ions Inhibitor Transport protein Alteration in E.H.

N a -К  p u m p  N a(L i), K (Li) ouabain N a-К  ATP-ase increase
N a-L i countertransport N a, L i phloretin undefined increase
N a-К  co transport N a, К  furosemide nndefined decrease
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B a s ic  f o r m L o a d i n g  p h a s e  K i n e t i c  p h a s e

m m o l  / 1

E x t r a c e l l u l a r  5  K O

I n t r a c e l l u l a r  1 3 6  19

PÇMBS
0  IS O 5  150

7  1 1 0 1 3  9 3

F ig . 1. Sim plified schem e o f  m ethod  used for exam in a tio n  o f th e  o u a b a in  sensitive
N a-К  p u m p

Patients and Methods

D a ta  o f  17 h e a lth y  n o rm o tensive  ch il
d ren  w hose fam ilial h is to ry  d id  n o t rev ea l 
h y p e rten s iv e  re la tiv es w ere com pared  w ith  
those  o f  15 earlie r ex am in ed  ch ild ren  w ho 
w ere tre a te d  for h y p e rten s io n . T he d iag 
nosis o f essential h y p e rten s io n  w as q u a li
fied  on th e  basis o f  ro u tin e  ex am in a tio n s  
[20]. T he  age o f th e  ch ild ren  ran g ed  from  
6 to  111 years . T h e ir sk in fo lds inc lud ing  th e  
c a lf  sk infold  w ere m easu red  w ith  H o lta in  
ca liper according to  th e  In te rn a tio n a l B io 
logical P ro g ram  (IB P )  on th e  le f t side o f  
th e ir  body . C hildren w ho p ro v ed  to  be fa t  
on basis o f  the P a r iz k o v á  an d  R o th  [17] 
fo rm u la  w ere excluded  from  th e  e x a m in a 
tions.

B lood pressure o f  th e  ch ild ren  w as 
m easu red  on the r ig h t u p p e r a rm  in s itt in g  
p osition , a fte r  5 m in u te s  o f  re lax a tio n , 
w ith  a  m ercury  to n o m e te r  using  a  cu ff 
su ited  to  the  w id th  o f  th e  u p p e r a rm . To 
th e  p a tie n ts  su b jec ted  to  e x am in a tio n  no 
d ru g s  h av e  been ad m in is te red  fo r one w eek 
p rio r to  blood ana ly s is w hich a f te r  12 hou rs  
o f  s ta rv a tio n  w as done  a t  8 o ’clock a .m .

T he ouabain  sen s itiv e  N a -К  p u m p  o f  
th e  e ry th ro cy tes  w as ex am in ed  b y  G aray  
a n d  M eyer’s m ethod  [6] w ith  som e m o d i
fica tio n s . F resh ly  collected  heparin ized  
v en o u s blood w as cen trifu g ed  a t  1750 g, 
a t  a  tem p e ra tu re  o f  4 °C fo r 5 m in . T he  red  
b lood cells ob ta ined  w ere w ashed  tw ice in  
20 vo l p e r  cen t c o n c e n tra te d  so lu tion  co n 
ta in in g  150 m m ol/L  N aC l; 2.5 m m ol/L  
M gCL; p H  =  7 .4 Í 0 .0 2 ,  an d  th en  th e y

w ere p laced  in to  a  N a-lo ad in g  solu tion  of 
the  follow ing co m position ; 150 m m ol/L  
N aCl; 2.5 m m ol/L  M gCL; 2.5 m m ol/L  
N a 2H P 0 4; 0.1 m m ol/L  PC M B S (para- 
ch lo rom ercury  benzo lsu lp h o n a te ); 6 m m ol/ 
L  glucose; p H  7.4 ± 0 .0 2 . T h e  red  blood 
cells w ere in cu b a ted  in  th is  so lu tion  for 
20 hou rs  an d  4 h o u rs  la te r  th e  solution 
w as exchanged  fo r a  fresh  o n e , centrifuged 
an d  th e  s u p e rn a ta n t w as w eighed and  in 
c u b a te d  in  a  so lu tion  co n ta in in g  150 m m ol/ 
L  N aCl; 2.5 m m ol/L  M gCL; 2.5 m m ol/L  
N a 2H P 0 4; 6 m m ol/L  g lucose an d  4 m m ol/ 
L  cyste ine  a t  a  te m p e ra tu re  o f  37 °C for 
1 h ou r, in  o rd e r to  w ash  o u t  th e  PCM BS.

O ne m l o f  th e  su sp en sio n  o b ta in ed  by  
cen trifu g a tio n  a t  1750 g  a t  4 °C for 5 m in 
w as m ixed  in  R in g e r’s so lu tio n  com posed 
o f 145 m m ol/L  N aC l; 5 m m ol/L  KC1; 
2.5 m m ol/L  M gCL; 2.5 m m o l/L  N a 2H P 0 4; 
10 m m ol/L  glucose; p H  7 .4 ± 0 .0 2 . Two ml 
o f  th is  w ere th e n  in c u b a te d  fo r 0, 1, 2, 3, 
4 an d  5 hou rs  a t  37 °C, cen trifu g ed  as de
scribed  above, th e n  w ash ed  tw ice w ith  
150 m m ol/L  choline ch lo ride . T o  each in 
cu b a tio n  tim e  tw o p a ra lle l sam ples b e 
longed.

T he sam ples o b ta in ed  w ere  haem olysed 
in  4 m l d is tilled  w a te r  an d  th e ir  N a+  and 
K + c o n te n t w as m easu red  b y  flam e p h o to 
m e try . I n  th is  w ay  th e  o rig in a l volum e 
could  be ca lcu la ted . T h e  v o lu m e loss occur
rin g  betw een  th e  co n secu tiv e  step s was 
checked b y  haem og lob in  a n d  h aem a to c rit 
d e te rm in a tio n  a n d  th e n  co rrec ted .

T he ra tio  o f  N a -К  fluxes w as ca lcu lated  
w ith  th e  le a s t sq u a re s  m e th o d .
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T a b l e  I I

N a  + a n d  K + io n -co n cen tra tio n s o f  e ry th ro cy tes  o f  n o rm o ten siv e  a n d  hyp erten siv e  
c h ild re n  a f te r  PCMBS tr e a tm e n t.  Io n - tra n s p o r t in  m m o l/l in  e ry th ro cy te s , m easured

hourly

Naem/Kjnii ^&etart
mmol/l

Naeffi
mmol/l/h

Ketarfc
mmol/l

Kinfi
mmol/l/h

C o n tro l 9.6 104 2.6 6.7 0.42
n  =  17 ± 6 .8 ± 2 3 ± 1 .1 ± 6 .3 ± 0 .3 4

H y p e rte n s iv e 6.8 111 3.4 9.6 0.63
n  =  15 ± 2 .0 ± 1 8 ± 1 .6 ± 7 .0 ± 0 .2 9

p  < 0.06 0.36 0.16 0.2 0.1

Abbreviations :
N astart/K start =  ion co n cen tra tio n s  a f te r  PCM BS tre a tm e n t 
N a effl/K in{1 =  ion c o n cen tra tio n s
N a eff |/K infl =  q u o tien t o f  io n s a n d  o u t  o f  th e  cell; ra t io

R e s u l t s

In conformity with data in the 
literature, the intracellular Na+ con
centration of erythrocytes treated 
with PCMBS of hypertensive pa
tients was found to be high, 11 Id; 18 
mmol/L, while the value in the con
trol group was 104 i  23 mmol/L. 
A similar non-significant increase was

observed in the original intracellular 
K + concentration, 9.6d;7.0 mmoI/L 
versus 6.7d;5.3 mmol/L in the con
trols. Examining the Na-К pump of 
erythrocytes in hypertensive patients, 
there was an increased intracellular 
accumulation of K+ (Kirlf|) and also 
an increased JSTa+ efflux (Naeft-|) as 
compared to the controls. To judge 
the operation of the pump, the ratio

-Q
E

F ig . 2. N u m b er of essen tia lly  h y p e r te n s iv e  and  no rm o ten siv e  ch ild ren  p lo tte d  ag a in s t
Nae„|/Kjnt|
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Naeffi/Ki„fi was examined. In the 
control group it amounted to 9.6±5.8, 
while in the essentially hypertensives 
to 5.8±2.0; the difference was signif
icant (p <  0.05) (Table II). Plotting 
the case numbers against Naeffi/Kinfi 
(Fig. 2), the majority of Naeffi/Kinn 
values of hypertensive patients lay 
under 6, while those of the controls 
were usually higher. It was also re
markable that while the values of 
the hypertensives were evenly distrib
uted along an incidence maximum, 
those of normotensives were either 
above 12, or near to the values of 
hypertensives.

D iscussion

The purpose of this work was to 
find a method which would allow to 
select from among the total population 
those children who at the time of 
the examination were still normo- 
tensive, but were inclined to develop 
essential hypertension. Since for tech
nical reasons the effectiveness of the 
various methods cannot be measured 
directly, therefore an inverse situa
tion was created wherein children 
diagnosed as essentially hypertensive 
were separated from the normoten
sives.

The results obtained permit to out
line a hypothesis. In the erythrocytes 
of patients, the К -Na cotransport 
decreases and consequently the Na + 
content of cells is elevated, causing 
a volume increase in the erythrocytes. 
The ouabain sensitive Na-К pump is 
not always able to compensate this

pathological situation. According to 
Blaustein’s hypothesis [ 1 ] the mecha
nism takes place not only in erythro
cytes, but also in all kinds of cells, 
thus also in the smooth muscle cells. 
The increased Na+ content of the 
smooth muscle cells may inhibit the 
Na-Ca exchange. The increased Ca2 + 
concentration would then lead to a 
constriction of smooth muscle cells, 
to vasoconstriction and hypertension.

Some other authors assumed that 
essential hypertension was caused by 
the increased activity of a Na-trans
port inhibitor circulating in the blood 
[13], but other researchers refused 
this concept [22].

Postnov et al [19] also assumed the 
existence of a hypothetic substance. 
They observed a reduced N a+ efflux 
when incubating the leukocytes of 
normotensive subjects with the plas
ma of hypertensive patients.

According to various hypotheses, 
hypertension is presumably a multi
factorial disease. However, the ion 
content, as well as the ion exchange 
through the erythrocyte cell mem
branes of essentially hypertensives 
and of their relatives differ from that 
of normotensives. This observation 
would allow the following considera
tions. The symptom-free risk pop
ulation could be recognized in due 
time and, by changing the environ
mental factors, the prevention of 
hypertension could be possible. The 
distinction between primary and sec
ondary hypertension could be done 
with a single examination [7] and so 
the environmental and genetic causes 
of essential hypertension could be
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differentiated. These possibilities 
could, however, be only realized if 
the techniques are further improved. 
The results obtained by the currently 
used methods including those obtain
ed with the ouabain sensitive Na-K 
pump, are suitable only for the sepa
ration of groups but because of the 
wide scatterings they are inadequate 
for the diagnosis of individual cases. 
Besides, due to diagnostic difficulties 
some secondary hypertensions are 
misdiagnosed for essential hyperten
sion, and the control group may con
tain such normotensives who on the 
basis of their genetic characteristics 
are inclined to hypertension. To this 
last group may have belonged the 
four normotensive children included 
in our examination, whose Naeffi/ 
Kind values were similar to those of 
hypertensive patients.
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