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

of Normal Body Weight
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The ouabain-sensitive Na-K pump of erythrocytes was examined in
17 normotensive and 15 essential hypertensive children aged 6—16 years.
Children who proved to be fat according to skinfold measurements were
excluded from the examinations. The activity of the ouabain-sensitive Na-
K pump was assessed by measuring the ratio of Na-ion efflux and K-ion
influx through the erythrocyte membrane previously treated with para-
chloro-mercury benzol sulphonate. In essential hypertensive children the
ratio of the Na/K fluxes was found to be characteristically 5.8i 2.0, showing
a mathematically significantly more active (p < 0.05) Na-K pump function
than in the control group 9.6i 6.8. According to the results, however, the
method is suitable only for the separation of groups and not of individuals.

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 Kénig [20],
the frequency of hypertension in
childhood is only 1—3%. According
to Buhlmeyer [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-

Na-K pump

brane and an increased Na-K 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-K 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-K 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-K pump (Fig. 1)
in normotensive and essentially hy-
pertensive children.

Table |

Transport processes in the erythrocytes of essentially hypertensive (EH) and
normotensive patients

Transport process lons Inhibitor Transport protein ~ Alteration in E.H.
Na-K pump Na(Li), K(Li) ouabain Na-K ATP-ase increase
Na-Li countertransport Na, Li phloretin undefined increase
Na-K cotransport Na, K furosemide nndefined decrease
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Basic form

mmol /1

Extracellular 5 KO

Intracellular 136 19

Loading phase

Kinetic phase

0 ISO 5 150
7 110 13 93

Fig. 1. Simplified scheme of method used for examination of the ouabain sensitive
Na-K pump

Patients and Methods

Data of 17 healthy normotensive chil-
dren whose familial history did not reveal
hypertensive relatives were compared with
those of 15 earlier examined children who
were treated for hypertension. The diag-
nosis of essential hypertension was quali-
fied on the basis of routine examinations
[20]. The age of the children ranged from
6 to Mlyears. Their skinfolds including the
calf skinfold were measured with Holtain
caliper according to the International Bio-
logical Program (IBP) on the left side of
their body. Children who proved to be fat
on basis of the Parizkova and Roth [17]
formula were excluded from the examina-
tions.

Blood pressure of the children was
measured on the right upper arm in sitting
position, after 5 minutes of relaxation,
with a mercury tonometer using a cuff
suited to the width of the upper arm. To
the patients subjected to examination no
drugs have been administered for one week
prior to blood analysis which after 12 hours
of starvation was done at 8 o’clock a.m.

The ouabain sensitive Na-K pump of
the erythrocytes was examined by Garay
and Meyer’s method [6] with some modi-
fications. Freshly collected heparinized
venous blood was centrifuged at 1750 g,
at a temperature of 4 °C for 5 min. The red
blood cells obtained were washed twice in
20 vol per cent concentrated solution con-
taining 150 mmol/L NaCl; 2.5 mmol/L
MgCL; pH = 7.410.02, and then they

were placed into a Na-loading solution of
the following composition; 150 mmol/L
NaCl; 2.5 mmol/L MgCL; 2.5 mmol/L
NazHPO04; 01 mmol/lL PCMBS (para-
chloromercury benzolsulphonate); 6 mmol/
L glucose; pH 7.4+0.02. The red blood
cells were incubated in this solution for
20 hours and 4 hours later the solution
was exchanged for a fresh one, centrifuged
and the supernatant was weighed and in-
cubated in a solution containing 150 mmol/
L NaCl; 2.5 mmol/L MgCL; 2.5 mmol/L
Na2H P04; 6 mmol/L glucose and 4 mmol/
L cysteine at a temperature of 37 °C for
1 hour, in order to wash out the PCMBS.

One ml of the suspension obtained by
centrifugation at 1750 g at 4 °C for 5 min
was mixed in Ringer’s solution composed
of 145 mmol/L NaCl; 5 mmol/L KCI1;
2.5 mmol/L MgCL; 2.5 mmol/L NaZHPO04;
10 mmol/L glucose; pH 7.4£0.02. Two ml
of this were then incubated for 0, 1, 2, 3,
4 and 5 hours at 37 °C, centrifuged as de-
scribed above, then washed twice with
150 mmol/L choline chloride. To each in-
cubation time two parallel samples be-
longed.

The samples obtained were haemolysed
in 4 ml distilled water and their Na+ and
K + content was measured by flame photo-
metry. In this way the original volume
could be calculated. The volume loss occur-
ring between the consecutive steps was
checked by haemoglobin and haematocrit
determination and then corrected.

The ratio of Na-K fluxes was calculated
with the least squares method.
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Table Il

Na+ and K+ ion-concentrations of erythrocytes of normotensive and hypertensive

children after PCMBS treatment.

lon-transport in mmol/l in erythrocytes, measured

hourly

- A Naeffi Ketarfc Kinfi
Naem/Kjnii ko mmol//h mmol/ mmol/i/h
Control 9.6 104 2.6 6.7 0.42
n= 17 +6.8 +23 +1.1 +6.3 +0.34
Hypertensive 6.8 111 3.4 9.6 0.63
n= 15 +2.0 +18 +1.6 +7.0 +0.29
p < 0.06 0.36 0.16 0.2 0.1

Abbreviations:
N astart/K start =
Naeffl/Kinfl =
N aeff|/Kinfl =

ion concentrations

Results

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, 111d; 18
mmol/L, while the value in the con-
trol group was 104i 23 mmol/L.
A similar non-significant increase was

mo

ion concentrations after PCMBS treatment

quotient of ions and out of the cell; ratio

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

Fig. 2. Number of essentially hypertensive and normotensive children plotted against
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 I1). Plotting
the case numbers against Naeffi/Kinfi
(Fig. 2), the majority of Naeffi/Kim
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.

Discussion

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 K-Na cotransport
decreases and consequently the Na+
content of cells is elevated, causing
a volume increase in the erythrocytes.
The ouabain sensitive Na-K 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 Na+ 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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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-

sio

n, 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

in

included

our examination, whose Nadfi/

Kind values were similar to those of
hypertensive patients.
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