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REVIEW ARTICLE

Properties of circulating blood cell membranes regarding sodium
content in individuals suffering from essential hypertension
Charalabopoulos K
Department of Physiology, Clinical Unit, Medical Faculty, University of Ioannina, Ioannina,
Greece
The aim of the present review article is to present a
global view on perturbations of blood cells membranes
which are observed in human essential hypertension.
Especially, we are focused on erythrocytes and leukocytes sodium content, since the hypothesis that an increase in cell sodium is regarded to be a leading event in
the hypertension process. Of course, essential hypertension is a multifactorial disease and exist several pos-

sible confounding factors that could be present in hypertensive patients affecting the erythrocyte and leukocyte sodium content. The major role of sodium pump in
controlling the concentration of intracellular sodium,
passive sodium permeability, sodium-potassium-chloride
cotransport, sodium-hydrogene exchange, as well as
some points on sodium intake, are also discussed.
Hippokratia 2003, 7 (4): 159-167

Erythrocyte sodium content
The term essential, primary or idiopathic hypertension is given for patients with arterial hypertension and
definable cause. Essential hypertension appears a prevalence of 92-94% in general population (Table 1). One of
the most widely popularized hypotheses relating cell ions
to hypertension has been proposed by Blaustein, in which
an increase in cell sodium was proposed as a leading
event in the process 1. Since the proposed increase in cell
sodium was ascribed to inhibition of sodium pumps by a
non-specific mechanism, investigators argued that the
increase in cell sodium would be generalized and should
affect blood cells. These were important experiments
since if cell sodium was not increased then the hypothesis must fail irrespective of any changes in ion fluxes. In
essential hypertension a different behavior of the membrane dynamic properties in the circulating blood cells is
evident2.
Erythrocytes as the most accessible cells in the body
received most attention, and many studies of erythrocyte sodium in essential hypertension were reported.
Studies that were performed up until the mid-1980s, have
been reviewed by Hilton, who analyzed the results overall and suggested that there was a tension towards an
increase in erythrocyte sodium content3 . Nonetheless,
individual studies have reported increases, decreases and
no difference in erythrocyte sodium in essential hypertension compared with normal controls4-12 . Some problems may have been due to some groups of patients that
were too small or to subject variation as suggested by
Hilton3 . This is certainly a recipe for type 2 statistical
errors. However, some studies showed quite marked
elevations in erythrocyte sodium in essential

hypertensives, whereas others found significantly lower
values. Hilton affirmed that this phenomenon could not
be explained by random variation. This suggests that
the patients studied, or the methods used, or both, were
causing important differences between studies.
It is usually said that essential hypertension is a multifactorial disease, so that it may not be surprising that
different ways of approaching patients could unwittingly
give rise to different subgroups. There are several possible confounding factors that could be present in hypertensive patients and may affect erythrocyte sodium.
A high-salt intake appears to have little effect on erythrocyte sodium11,13-15. However, it is possible that there is a
salt-sensitive subgroup which would be analogous to the
Dahl salt-sensitive and -resistant rats where it is reported
that only the former have increased erythrocyte sodium 16.
Increased dietary magnesium may decrease blood pressure and erythrocyte sodium, and increase sodium pump
activity, but there is no evidence that the effect on blood
pressure is via the effect on cell sodium17. Increased dietary calcium has also been reported to reduce both
erythrocyte sodium and blood pressure in rats18. There
may also be a sex difference, and one large study found
that increased erythrocyte sodium was associated with
hypertension in women but not in men 19. Another question is whether the increased erythrocyte sodium is functionally related to the rise in blood pressure or whether
it is a marker of susceptibility. There is good evidence of
a strong genetic effect on erythrocyte sodium and evidence that alterations in sodium intake that affect blood
pressure, have no effect on erythrocyte sodium11,13-15,20,21.
Erythrocyte sodium has also been reported to be increased in hypertensives only if they have a family his-
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Table 1. Prevalence of various forms of hypertension in the
general population.
Diagnosis
Essential hypertension
Renal hypertension
Endocrine hypertension
Miscellaneous

General population
(%)
92-94
3-5
1
0.2

tory, and regardless of their blood pressure, which would
suggest a marker of predisposition to hypertension22.
Since sodium has so often been linked with hypertension in the popular view, the effects of sodium intake
on cellular sodium metabolism has frequently been investigated. The majority of such studies have been unable to find an effect on erythrocyte sodium content,
but several have nonetheless reported various alterations in sodium fluxes that may or may not depend on
a family history of hypertension11-15,23,24. Some of these
changes in the absence of a change in sodium content
are at best difficult to rationalize. The rate constant for
ouabain-insensitive sodium isotope flux is occasionally
found to be altered, but this quantity is virtually
uninterpretable and may well be no more than isotopic
exchange with no net sodium movement. In support of
a functional relationship there are several reports of a
correlation between erythrocyte sodium and blood pressure with sodium chloride diet 25-27.
The possible effects of differences in methodology
have also been discussed28. Sodium may accumulate in
erythrocytes during the preparation time prior to measurement of sodium content. If the erythrocyte membrane in hypertension is different from that in normals
then a more rapid accumulation of sodium could result.
Normal unidirectional sodium flux is around 1,5-2mmol/
h so that it could only take 3 or 4 min for a 0.1mmol
increase in erythrocyte sodium content during preparation. Studies in which a very rapid erythrocyte separation technique has been used have in fact found a lower
erythrocyte sodium content in essential hypertensives5.
Changes in erythrocyte water occur very rapidly (seconds) with changes in osmolality or pH of the suspending medium, and this will cause apparent changes in ion
content based on volume or weight of cells. It is well
known that erythrocyte sodium content increases with
cell age, so that in a mixed sample of erythrocytes, as has
almost always been used in studies of hypertension, an
older cell age distribution will give higher erythrocyte
sodium contents. The increase in sodium content with
cell age may also alter as appears to be the case in elderly
subjects 29.
Although among mammalian cells the erythrocyte is
relatively simple, it is still a complex mixture of charged
molecules and structural lipid and protein components,
which account for about a third of its volume and weight.
It is the thermodynamic activity of an ion that is the

biologically important variable. This may be related to
he ion concentration if it is assumed that the activity
coefficient is unchanged. However, such considerations
have been ignored in studies of erythrocyte sodium. If
erythrocyte water is increased, then an increase in sodium content may simply maintain a normal sodium ion
concentration activity. There is evidence to suggest that
erythrocyte water is increased in pregnancy-induced
hypertension 30.
It would therefore appear that studies of erythrocyte sodium in hypertension have yielded little information due to a somewhat naïve and simplistic clinical and
physiological approach.
Leukocyte sodium content
The motivation for studying the sodium content of
leukocytes was that they were considered to be more
typical cells than erythrocytes. This is obviously true
in so far as they have a membrane potential close to the
potassium diffusion potential, functional sodium-proton exchange and an aerobic metabolism, all of which
erythrocytes lack. However, they also present even
greater methodological pitfalls.
To prepare an acceptably pure sample of leukocytes
requires considerable manipulation and perturbation
from their in vivo condition and the leukocyte plasma
membrane is considerably more delicate than the erythrocyte cell membrane. The method almost always used
to prepare mixed leukocytes for the study of ion content
is first to sediment the bulk of erythrocytes by the addition of dextran of molecular weight about 500.000 to the
blood 31. This leaves a supernatant plasma containing leukocytes, platelets and contaminating erythrocytes. Slowspeed centrifugation at about 250g gives a pellet containing the leukocytes and erythrocytes. The leukocyte
membrane is very sensitive to g-force and only slightly
greater speeds will induce a sodium leak that will increase cell sodium content32. The contaminating erythrocytes are removed by hypotonic lysis of the cell pellet
using a 10-s exposure to distilled water and restoration
of osmolality with an equal volume of double-strength
tissue culture medium. If the erythrocytes are not completely destroyed then the fragments will reseal containing tissue culture medium, and the sodium content of
the leukocyte pellet, even after exhaustive washing, will
be proportional to the volume of erythrocyte ghosts in
the pellet33.
The hypotonic exposure considerably disturbs the
leukocytes, and their sodium content rises sharply on
addition of the culture medium to anything up to 10
times the basal level. However, with careful handling the
cells remain fit enough to recover during a 40-60min
incubation to restore and then maintain their basal sodium content. The ability to do this must be demonstrated if the results are to be considered reliable. Even
mechanical agitation of the cells in suspension can cause
a significant increase in their sodium content 32.
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Some studies of leukocytes have reported sodium
contents in the region of 2.5nmol per million cells, with
sodium: potassium ratios around 0.08-0.12. Unfortunately, most of the work on leukocyte sodium content in
essential hypertension was done before cell-handling
techniques had been refined, and the results must be
treated with some caution. The sodium: potassium ratios for leukocytes from normal subjects were around
0.3, which would now be considered to be a non-viable
cell preparation34. Even with severe uremia such values
are now rarely observed 35. These early studies in essential hypertension did in fact show a more uniformly increased level of sodium in leukocytes than was reported
for erythrocytes, but it is quite possible that they are
uniformly wrong due to a consistent methodological artifact. There were also many more studies of erythrocytes than leukocytes, so that the scope for disagreement was much less. A recent study could only find leukocyte sodium content to be increased in relation to
obesity in hypertensives 36. Leukocyte sodium in lean
hypertensives was normal. As with erythrocyte sodium,
so with leukocyte sodium the questions whether there is
an effect of sodium intake, whether there is a mechanistic association with the rise in blood pressure or whether
it is a marker of predisposition have attracted interest.
Unfortunately there are few reports of leukocyte sodium content and more of isotopic sodium fluxes, although the latter can not be interpreted reliably without
knowing the sodium content. Lymphocyte sodium was
reported to be increased in some normotensive relatives of essential hypertensives, and 31% of such subjects were hypertensive on 5-year follow-up, whereas
those with a normal lymphocyte sodium remained normotensive37. This would suggest a marker of predisposition, and agrees with some studies on sodium fluxes.
The ion content of leukocytes has generally been
expressed in relation to either the dry weight of cells or
the number of cells. As discussed above, the biologically
important quantity is the activity of the ion, or at least its
concentration in the cell water. This has not been measured in essential hypertension. In early studies on leukocytes an attempt was made to measure the cell water
content, but this did not persist, probably because the
method guess at the value31. The rapidly evolving fluorescent dye technology for measuring ion activities may
be applicable to leukocytes.
However, the relation of in vivo measurements to in
vivo values still needs to be resolved. Until relatively
recently measurements of leukocyte ion content were
made after the cells had spent some time in tissue culture medium. It is now clear that in the presence of homologous plasma the sodium content of leukocytes is
greatly increased due to activation of sodium influx pathways, possibly sodium-proton exchange38. It is therefore
difficult to evaluate the studies of leukocyte sodium in
essential hypertension, but it seems likely that the cells
as measured had suffered disruption to the extent of
causing a substantial increase in their sodium content.
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Sodium pump
The sodium pump has a major role in controlling the
concentration of intra cellular sodium, and it was a center of interest as a possible cause of an increase in intracellular sodium as proposed by the original hypothesis.
Figure 1 shows schematically the possible mechanism of
sodium pump function. The most popular way of measuring sodium (usually 22Na) or rubidium-86, the radioactive analogue of potassium. The technique gives a rate
constant for sodium efflux or rubidium influx, and the
ouabain-sensitive component is used as a measure of
the sodium pump. However, the terminology has become rather loose and the rate constant (units of h-1) is
often referred to as an activity, which it is not. The activity (units of mmol of sodium or potassium transported/
unit time/unit of cells) requires knowledge of the specific
activity of the radioisotope in the compartment from
which it is transported. This is rarely done, but is very
important to allow interpretation of the results, because
the proper function of the sodium pump is to pump out
of the cell as much sodium as enters it at normal sodium
content. If the rate of influx is low, then it would be
appropriate for the rate of efflux and the rate constant
to be low. A knowledge of the cell sodium content during isotope efflux experiments is important form another point of view. It is assumed that the decline in
specific activity in the cell compartment from which it is
transported is due to the rate of efflux. If there is net
uptake of sodium from the medium then this will additionally reduce the specific activity of the isotope, which
will therefore be less rapidly removed from the cell, leading to a possible underestimate of sodium pump activity. In view of the suggestion that cells from hypertensives
are more susceptible to induced sodium leak, this possibility can not be dismissed lightly28. The measurement of
sodium pump activity at a single non-saturating ion concentration has also been criticized39. Under such conditions theoretically a change in either the Michaelis constant (Km) or maximum velocity (Vmax) of the pump

Fig. 1. Mechanism of the Na+-K + pump function

162

CHARALABOPOULOS K

could affect activity. More importantly a change in both
Km and Vmax could occur in a way that has little effect
on the activity at an arbitrary ion concentration. A comparison in erythrocytes has suggested that the rate constant is a reasonable estimate of available sodium pump
activity, but that the relative contribution of Km and Vmax
varies between subjects 40. Since it is the purpose of the
sodium pump to maintain a normal cell sodium concentration, it is surprising that so many studies have neglected
to estimate the level of cell sodium. A reduced rate constant of the sodium pump has been reported in both
erythrocytes and leucocytes in hypertensives, but other
investigators have failed to find a difference 4,7,9-11,34,41-43.
The sodium pump has been measured on cells that
have been washed repeatedly during the course of preparation for flux measurement. This would suggest that
only defect found was intrinsic to the cell membrane,
whereas the original hypothesis proposed a humoral
factor that inhibited the sodium pump.
An analogy of the sodium pump inhibitor hypothesis of hypertension is the treatment of patients with the
sodium pump inhibitor digoxin. Studies of such patients
have shown that on commencement of digoxin treatment there is a sharp rise in erythrocyte sodium content
due to inhibition of the sodium pump, but that after a
few weeks of continuing treatment the erythrocyte sodium content has returned to normal, due to the recruitment of additional sodium pumps.44 There seems to
be no reason to believe from this, that a circulating sodium pump inhibitor would do more, than cause a transient rise in cell sodium unless other defects were present.
Nonetheless correlation of sodium pump inhibition with
blood pressure has been reported, and an acute saline
infusion to increase blood pressure may also increase
sodium pump inhibitor activity in the subjects plasma 45,46.
However, suggestions of a causal relationship between
the changes in cell sodium and blood pressure should
be treated with caution. The case for a plasma-borne
inhibitor of the sodium pump has been discussed 47.
There are many qualitative data but the inhibitor remains elusive48-52. There is even evidence from leukocyte
studies that non-esterified fatty acids can act as a sodium pump inhibitor 53. This returns to the question of
whether differences in cell sodium metabolism are markers of a predisposition or related to the mechanism of
blood pressure elevation. One study of the leukocyte
sodium pump reported that the sodium pump rate constant in essential hypertensives was low, but that it was
also low in first degree relatives of the hypertensives 54.
This would suggest an intrinsic defect in the sodium pump,
but not causally related to the development of hypertension. However, whether such a low sodium pump
rate constant can be regarded as a defect can only be
judged in relation to whether a normal cell sodium was
maintained, and this was not reported.
It is surprising how many ways sodium intake can be
varied, and the results interpreted to aid the confusion
of the reader. In one study sodium restriction had no

effect on leukocyte sodium or blood pressure in normal
controls, but in essential hypertensives blood pressure
was reduced and a low total sodium isotope efflux rate
constant (i.e. including passive isotope exchange, etc)
was increased towards normal. This was interpreted in
favor of a circulating sodium pump inhibitor55. In another study in normotensive relatives of hypertensives
sodium restriction reduced blood pressure and increased
the ouabain-sensitive sodium efflux rate constant (i.e.
sodium pump). This was interpreted against a circulating sodium pump inhibitor and in favor of genetic predisposition 21,56-58. It seems unlikely that sodium diet affects sodium pump activity, although a decrease in sodium pump rate constant, from an elevated value towards normal, with increased sodium intake has been
observed in hypertensives 11,13,14,24. In leukocytes a decreased rate constant with sodium depletion has been
found, but this is opposite to the change expected by the
original hypothesis23. Alterations in sodium diet may also
modify sodium pump inhibitor activity in plasma in relation to the change in blood pressure 59. Differences in the
erythrocyte sodium pump or its response to changes in
sodium diet in hypertensives have also been reported to
be dependent on or independent of the presence of a
family history.15,45
Hyperinsulinemia and insulin resistance have been
implicated by some investigators as having a possible
role in the development of hypertension. Erythrocyte sodium and blood pressure were higher in a group
of hyperinsulinemic subjects, but in another study the
increased plasma insulin in essential hypertensives had
no relation to increased erythrocyte sodium 44,60. It has
also been shown that insulin stimulates leukocyte sodium pump activity in vivo and in vitro, so that a causative link between insulin and hypertension via raised
cell sodium due to sodium pump inhibition is difficult
to envisage 61,62.
It is difficult to escape the conclusion that hypertension is really no more than a clinical sign, perhaps at best
it can, as suggested by some, claim the status of a syndrome63. It hyperglycemia was treated in the same way it
may well be decided that insulin had nothing to do with
it, since it is increased in some and decreased in others.
The most comprehensive attempt to classify
hypertensives by their sodium fluxes had the uncomfortable feeling of a self-fulfilling prophesy in that
hypertensives selected for having a low sodium pump
activity would of course have a low sodium pump activity64. The modulating/non-modulating subgroups do not
appear to have differences in sodium pump activity65.
Somewhat at variance with the original hypothesis,
there have been several studies where sodium pump
activity was increased in hypertensive patients12,66 A hypothesis has been proposed suggesting how this could
give rise to hypertension 67. In addition, a genotype of
high sodium pump numbers in the cell membrane has
been reported and women identified with this genotype
had an earlier hypertension 68.
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Therefore, despite much data, the sodium pump has
provided no answers. Perhaps a component that is fundamentally linked to the most basic survival function of
the cell is unlikely to alter drastically unless as an appropriate response to maintain cell function. The suggestion that a sodium pump inhibitor could modulate sodium reabsorption in the renal tubule may also be flawed,
rather like supposing that the speed of a car can be controlled by the amount of petrol placed in its fuel tank.
Passive sodium permeability
Several authors have demonstrated increase passive
sodium flux in erythrocytes from patients with essential
hypertension, although very few attempts have been
made to determine the mechanism of this increased flux6973
. Fitzgibbon et al detected increased total sodium efflux
from erythrocytes of hypertensive patients compared
to normotensive controls only when cells were incubated
in their own plasma69. Etkin et al reported increased sodium influx into ouabain-treated cells in white but not
black essential hypertensive patients70. Similar findings
have been reported by Mahoney et al and Postonov et
al71,73. Wessels and Zumkley reported that a rise in passive sodium permeability was predominantly responsible
for increased sodium flux seen in hypertensive patients
with a contribution from increased sodium
countertransport 74.
Sodium  potasium  chloride cotransport (COT)
The sodium-potassium cotransporter mediates passive flux of Na+-K +-2Cl - ions across the erythrocyte
membrane in a bidirectional fashion depending on the
prevailing concentration gradients and is inhibited by
the loop diuretics furosemide and bumetanide 75. Whilst
this transporter may contribute to net changes in sodium or potassium the effects are normally equal in each
direction under physiological conditions 76. Cotransport
activity is very low at normal erythrocyte sodium concentrations. Therefore, activity is measured after raising
erythrocyte internal sodium to supra-physiological levels by exposure to parachloromercuribenzene sulphate
(20h) or nystatin (20 min) to enhance membrane permeability during the loading procedure. The furosemide
 sensitive actward flux of sodium and potassium into
sodium and potassium free media is then measured.
The literature is controversial regarding the activity of
the contransporter in essential hypertension. Initially,
Garay et al reported reduced cotransport activity in hypertensive subjects compared to normal controls, with
very little overlap between the normotensive and hypertensive groups 75,77. Garay et al also reported reduced
cotransport activity in normotensive subjects with a family history of hypertension, and suggested an inherited
component78. However, subsequent studies have failed
to demonstrate this clear distinction between normotensive and hypertensive groups, and other investiga-
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tors have reported normal and elevated cotransport
activities in hypertensive patients 79-82. Scrutiny of the literature reveals differences in methodology which provide some explanation for the discrepancy in reported
findings. Authors have quoted only the transport rate
or the rate constant assuming linear relation of rate to
sodium concentration and not the kinetic characteristics
of the cotransport, i.e. Vmax and Km. Variations in the
loading procedure between studies led to large variation in the intracellular sodium concentration, i.e. Garay
et al internal sodium concentration 20-30mmol/l and
Adragna et al 50mmol/l75,82. The Km for sodium efflux is
around 13mmol/l for the contransporter39. Thus, in the
experiments of Adragna et al which reported elevated
contrasport activity in hypertensives the cotransporter
was approximately 80% saturated, i.e. close to Vmax,
whereas in the study of Garay et al the cotransporter
was only 60% saturated, which helps to explain the discrepant results if there was a change in Km in hypertension75,82. Another methodological factor which may influence the contrasport activity is the composition of the
external medium; magnesium (75mmol/l) is commonly
used, and inhibits the cotransporter by 50-70%83. Despite methodological problems genetic and environmental factors have been found to influence the activity of
the cotransporter. Several studies have investigated the
influence of race on the cotransport activity. The majority of studies reported reduced furosemide-sensitive
sodium efflux in black hypertensive patients, and in some
studies also in black normotensive subjects84-87. Canessa
et al reported reduced potassium contransport in blacks,
which was positively correlated with increased body
wieght88. A twin study similarly supported the influence
of genetic factors on cotransport activity85. Environmental factors found to influence cotransport activity include
hypokalaemia and alterations in membrane lipid composition89. Duhm and Behr reported reduced cotransport
activity in the presence of increased erythrocyte membrane cholesterol content89.
Sodium  hydrogen exchange
The sodium-hydrogen exchanger is a ubiquitous
transport system which has been suggested to be involved in the regulation of intracellular pH, cell growth
and proliferation, control of cell volume and sodium
reabsorption in the renal proximal tubule (Figure 2).
This transporter exchanges one sodium with one hydrogen ion, and is inhibited by amiloride and its analogues. Energy for sodium-hydrogen exchange is derived from the inwardly directed sodium gradient maintained by sodium-potassium ATPase activity90,91 . The
sodium-hydrogen exchanger can operate in several exchange modes, for example accepting a sodium lithium
or amonium ion instead of a hydrogen ion90,92,93. Altered
activity of the sodium-hydrogen exchanger has been
implicated in the development of hypertension and in
patients with essential hypertension 94. Several mecha-
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Figure 2. Transport functions of the various segments of the nephron in humans
nisms have been proposed by which increased activity
of the plasma membrane sodium-hydrogen exchanger
in cells other than blood cells could play a pathophysiological role in the development of hypertension:
i. Increased sodium-protein exchange in vascular
smooth muscle cells may lead to elevated intracellular sodium concentration (if the sodium pump in inhibited) and
thereby elevated intracellular calcium concentration via the
sodium-calcium exchanger. This increase in intracellular
calcium may lead to increased vascular tone, vasoconstriction and elevated peripheral vascular resistance1,90,91,95.
ii. Elevated intracellular pH (in bicarbonate- free
medium) may facilitate cell proliferation in vascular
smooth muscle cells leading to vascular hypertophy 90,91.
iii. Increased sodium-hydrogen exchange in renal
proximal tubule could lead to net increase in sodium
reabsorption and thus volume expansion90,96,97.
Several studies have reported elevated sodium-hydrogen exchange activity in patients with essential hypertension. Livine et al demonstrated increased sodiumhydrogen exchange (measuring amiloride-sensitive sodium dependent volume gain in the presence of sodium proprionate) in platelets from patients with essential hypertension compared to normotensive controls 98.
Ng et al similarly reported elevated amiloride-(and

bumetanide)-sensitive influx of radiolabelled sodium in
leukocytes from essential hypertensive patients compared to controls99. This group also demonstrated a lower
resting intracellular pH and reduced suffering capacity
in leukocytes of hypertensive patients 100. Some studies
report similar findings in platelets and leukocytes101-103.
Schmander and Weder detected elevated sodium-hydrogen antiport activity in platelets from hypertensive
subjects, and reported a correlation with diastolic blood
pressure. In this study there were no racial differences
in sodium-hydrogen antiport activity101.
The sodium-lithium countertransport activity in a subgroup of hypertensive patients showed no correlation to the
sodium-hydrogen antiport activity. Since Canessa reported
elevated sodium-lithium countertransport activity in essential hypertension the pathophysiological role of the sodiumlithium countertransporter has been difficult to see, and several authors suggested it to be a mode of operation of the
sodium-hydrogen exchanger81,104,105. In the presence review
article we are not focused on this point in further detail.
Ðåñßëçøç
Ê. ×áñáëáìðüðïõëïò. Éäéüôçôåò ôùí êõôôáñéêþí
ìåìâñáíþí ôùí êõêëïöïñïýíôùí êõôôÜñùí ôïõ áßìá-
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ôïò ó÷åôéêÜ ìå ôï ðåñéå÷üìåíï íÜôñéï, óå áóèåíåßò ìå
éäéïðáèÞ õðÝñôáóç. ÉððïêñÜôåéá 7 (4): 159-167
Óêïðüò ôïõ ðáñüíôïò Üñèñïõ áíáóêüðçóçò åßíáé
íá ðáñïõóéÜóåé ìéá óöáéñéêÞ üøç åðß ôïõ èÝìáôïò ôùí
äéáôáñá÷þí ôçò êõôôáñéêÞò ìåìâñÜíçò ôùí åñõèñþí
áéìïóöáéñßùí êáé ôùí ëåõêïêõôôÜñùí, ðïõ ðáñáôçñïýíôáé óå áóèåíåßò ðÜó÷ïíôåò áðü éäéïðáèÞ õðÝñôáóç. Óôï üëï èÝìá ãßíåôáé åðéêÝíôñùóç óôï ðåñéå÷üìåíï íÜôñéï ôùí åñõèñïêõôôÜñùí êáé ôùí ëåõêïêõôôÜñùí êáèþò åßíáé ðïëý äéáäåäïìÝíç ç èåùñßá üôé ôá
áõîçìÝíá åíäïêõôôáñéêÜ åðßðåäá íáôñßïõ, áðïôåëïýí
êõñßáñ÷ï ÷áñáêôçñéóôéêü óôçí üëç õðüèåóç ôçò õðÝñôáóçò. Âåâáßùò, ç éäéïðáèÞò õðÝñôáóç åßíáé ìéá ðïëõðáñáãïíôéêÞ íüóïò êáèþò õößóôáíôáé äéÜöïñïé ðéèáíïß óõíåéóöÝñïíôåò ðáñÜãïíôåò ðïõ äõíáôüí íá åðçñåÜóïõí ôï ðåñéå÷üìåíï íÜôñéï ôùí åñõèñïêõôôÜñùí êáé ôùí ëåõêïêõôôÜñùí. Ï ìåßæùí ñüëïò ôçò áíôëßáò íáôñßïõ óôïí Ýëåã÷ï ôùí óôáèìþí ôïõ åíäïêõôôáñéêïý íáôñßïõ, ç ðáèçôéêÞ äéáâáôüôçôá, ç óõììåôáöïñÜ íáôñßïõ-êáëßïõ-÷ëùñßïõ, ç áíôáëëáãÞ íáôñßïõõäñïãüíïõ êáèþò êáé ìåñéêÜ óçìåßá åðß ôïõ èÝìáôïò
ôçò äéáéôçôéêÞò ðñüëçøçò íáôñßïõ, áíáöÝñïíôáé óôçí
ðáñïýóá åñãáóßá.

References
1. Blaustein MP. Sodium ions, calcium ions, blood pressure
regulation and hypertension: a reassessment and a hypothesis. Am J Physiol 1977;232:C165-C173
2. Caimi S. Erythrocyte, platelet and polymorphonuclear leukocyte membrane dynamic properties in essential hypertension. Clin Hemorheol Microcirc 1997; 17:199-208
3. Hilton PJ, Cellular sodium transport in essential
hypertension. N Engl J Med 1986; 314:222-229
4. Vchiyama M,Ogawa T, Sakai K. Erythrocyte sodium transport at twenty-year follow-up of childhood hypertension. Acta
Paediatr Jpn 1992;34:42-45
5. Simon G, Conklin DJ. In vivo erythrocyte sodium concentration in human hypertension is reduced, not increased. J
Hypertens 1986;4:71-75
6. Stokes GS, Monaghan JC, Middleton A, Gunn J, Marwood
JF. Altered erythrocyte caution transport related to hypertension or oral contraception. Klin Wochenschr 1985;
63(Suppl 1) 3:42-44
7. Engelhardt I, Scholze J. Erythrocyte sodium content and
transport in borderline and mild hypertension. Klin
Wochenschr 1988; 66:447-450
8. Svensson A, Sigstrom L. Blood pressure, erythrocyte sodium and potassium concentrations and Na+K+ATPase
activity in children with hypertensive mothers. J Hypertens
1986; 4: 269-272
9. Stokes GS, Monghan JC, Willcoks D, Jones MP, Marwood
JF. Erythrocyte caution fluxes in the normotensive and hypertensive patients of a health screening clinic. J Hypertens
1987; 5:285-291
10. Skrabal F, Hamberger L, Gruber G, Meister B, Doll P,
Cerny E. Hereditary salt sensitivity as cause of essential hypertension: Studies of membrane transport and intracellular
electrolytes. Klin Wochenschr 1985;63:891-896
11. Canessa M, Redgrave J, Laski C, Williams GH. Does sodium intake modify red cell Na+ transporters in normal and
hypertensive subjects? Am J Hypertens 1989;2:515-523
12. Smith JB, Fineberg NS, Wade MB, Weinberger MH. Acute
sodium loading alters sodium loading alters sodium pump in
Caucasian hypertensive subjects. J Hypertens 1989; 13:15-21

165

13. Herlitz H, Fagerberg B, Jonsson O, Hedner T, Anderson
OK, Aurell M. Effects of sodium restriction and energy reduction on erythrocyte sodium transport in obese hypertensive men. Ann Clin Res 1988;20 (Suppl 48): 61-65
14. Stokes GS, Monaghan JC, Middleton AT, Shirlow M,
Marwood JF. Effects of dietary sodium deprivation on erythrocyte sodium concentration and cation transport in normotensive and untreated hypertensive subjects. J Hypertens 1986;
4:35-38
15. Weissberg PL, West MJ, Kendall MJ, Ingram M, Woods
KL. Effect of changes in dietary sodium and potassium on
blood pressure and cellular electrolyte handling in young
normotensive subjects. J Hypertens 1985; 3:475-480
16. McCormick CP, Hennessy JF, Rauch AL, Buckalew VM Jr.
Erythrocyte sodium concentration and 86RB uptake in weanling Dahl rats. Am J Hypertens 1989;2:604-609
17. Motoyama T, Sano H, Fukuzaki H. Oral magnesium supplementation in patients with essential hypertension. J Hypertens
1989; 13:227-232
18. Fujito K, Yokomatsu M, Ishiguro N, Numahata H, Tomino
Y, Koide H. Effects of dietary calcium on erythrocyte sodium ion transport systems is spontaneously hypertensive
rats. Contrib Nephrol 1991;90:54-58
19. Persky B, Ostrow D, Longenberg P, Rudy E, Bresolin L,
Stamler J. Hypertension and sodium transport in 390 healthy
adults in Chicago. J Hypertens 1990; 8:121-128
20. Williams RR, Hunt SC, Wu LL, Hasstedt SJ, Hopkins PN,
Ash KO. Genetic and epidemiological studies on electrolyte
transport systems in hypertension. Clin Physiol Biochem1988;
6:136-149
21. Berlassina C, Citterio L, Bermardi L, Buzzi L, DAmico M,
Sciarronet, Bianchis. Genetics of renal mechanisms of primary hypertension: the role of adducin. J Hypertens 1997;
15:1567-1571
22. Weissberg PL, Woods KL, West MJ, Beeres DG. Genetic
and ethnic influences on the distribution of sodium and
potassium in normotensive and hypertensive subjects. J Clin
Hypertens 1987;3:20-25
23. Jest P, Pedersen KE, Klitgaard NA, Arentoft A, Nielsen JR.
Cell membrane handling of sodium in lymphocytes during
salt restriction in normotensives. Scand J Clin Lab Invest
1987; 47: 813-818
24. El Ashry A, Heagerty AM, Alton SM, Bing RF, Swales JD,
Thurston G. Effects of manipulation of sodium balance on
erythrocyte sodium transport. J Hum Hypertens 1987;1:105-111
25. Touyz RM, Milne FJ, Seftel HC, Reinach SG. Magnesium,
Calcium, Sodium and potassium status in normotensive and
hypertensive Johannesburg residents. S Afr Med J
1987;72:377-381
26. Oshina T, Matsuura H, Kido K, Matsumoto K, Shingu T,
Orsuki T, Inone I, Kajiyama G. Factors determining sodium
chloride sensitivity of patients with essential hypertension: evaluation by multivariate analysis. J Hypertens 1989;7:223-227
27. Umeda T, Iwaoka T, Miura F, Naomi S, Ohno M, Saaki M,
Sato T. Is salt sensitivity in essential hypertension affected by
ageing? J Hypertens (Suppl 1) 1988; 6:S205-S208
28. Simon G. Is Intracellular sodium increased in hypertension? Clin Sci 1989;76:455-461
29. Heseltine D, Thomas TH, Wilkinson R, James OFW, Potter
JF. Erythrocyte sodium, potassium and sodium fluxes with
cell and subject ageing. Clin Chem Acta 1991;196:41-48
30. Macphail S, Bolton LM, Taylor A, Thomas TH, Dunlop W.
Erythrocyte hydration in normal and hypertensive pregnancies: an apparent paradox. Proceedings 26th British Congress
of Obstetrics and Gynaecology 1992;7
31. Baron DN, Ahmed SA. Intracellular concentrations of water
and of the principal electrolytes determined by the analysis
of isolated human leukocytes. Clin Sci 1969;37:205-219
32. Main J, Thomas TH, Wilkinson R. Problems in measuring

166

33.
34.
35.

36.
37.
38.

39.
40.

41.
42.

43.

44.

45.

46.

47.
48.

49.

50.

CHARALABOPOULOS K

human leukocyte cation content: effects of cell preparation
and handling. Clin Sci 1989;77:157-160
Main J. Leukocyte sodium transport: problems of measurement and studies in uraemia. MD Thesis 1989, University of
Edinburg
Edmonson RPS, Thomas Rd, Hilton PJ, Patrick J, Jones
NF. Abnormal leukocyte composition and sodium transport
in essential hypertension. Lancet 1997; I:1003-1005
Main J, Thomas TH, Wilkinson R. Sodium content and
transport of white and red blood cells in undialysed uraemic
and continuous ambulatory peritoneal dialysis patients.
Nephrol Dial Transplant 1990;5:369-375
Ng LL, Harker M, Abel ED. Leukocyte sodium content and
sodium pump activity in overweight and lean hypertensives.
Clin Endocrinol (Oxf) 1989; 30:191-200
Amtorosioni E, Costa FV, Borghi C, Boschi S, Mussi A.
Cellular and humoral factors in bordeline hypertension. J
Cardiovasc Pharmacol 1986;8(Suppl 5): S15-S22
Goldsmith DJA, Poston L, Watson M, Morris J, Hilton PJ,
Cragoe EJ. Effect of autologous serum on human leukocyte
NA+/H+ exchange and intracellular pH. Clin Sci 1990;
79:357-364
Aronson JK. Methods for expressing the characteristics of
transmembrane ion transport systems. Clin Sci 1990;78:247254
Thomas TH, Macphail S, Mott V, Wilkinson R. Relationship between the maximum velocity and sodium affinity of
the erythrocyte sodium pump and its rate constant in blood.
Clin Sci 1990;79:625-630
Lechene C, Crabos M, Bianchi G, Cantiello H. Physiologic
role of the sodium pump. Implications for the study of arterial hypertension. Nephrologie 1989;10:59-64
Ambrosioni E, Costa FV, Montebugnoli L, Tartagni F,
Magnani B. Increased intralymphocytic sodium content in
essential hypertension: an index of impaired Na+ cellular
metabolism. Clin Sci 1981;61:181-186
Sechi LA, Melis A, Pala A, Marigliano A, Sechi G, Teolde
R. Serum insulin sensitivity and erythrocyte sodium metabolism in normotensive and essential hypertensive subjects with
and without overweight. Clin Exp Hypertens 1991; 13:261276
Ford AR, Aronson JK, Grahame-Smith DG, Carver JG.
The acute changes seen in cardiac glycoside receptor sites,
86-rubidin concentrations in the erythrocytes of patients during the early phases of digoxin therapy are not found during
chronic therapy: pharmacological and therapeutic implications for chronic digoxin therapy. Br J Clin Pharmacol 1979;
8: 135-142
Moreth K, Kuske R, Renger D, Schoner W. Blood pressure
in essential hypertension correlates with the concentration of
a circulating inhibitor of the sodium pump. Klin Wochenschr
1986;64:239-244
Borghi C, Boschi S, Munarini A, Mussi A, Costa FV,
Ambrosioni E. Short-term plasma renin activity suppression
by saline and release of a plasma endogenous Na/K ATPase
inhibitor in essential hypertension. Am J Hypertens 1990;3:98104
Poston L. Endogenous sodium pump in essential hypertension? Clin Sci 1987;72:647-655
Boschi S, Munarini A, Borghi C, Strocchi E, Costa FV,
Mussi A, Ettore A. Characterization of a Na+/K+-ATPase
inhibitor from human plasma: preliminary data. Am J
Hypertens 1988;1:565-595
Mir MA, Morgan K, Lewis M, Spurlock G, Chappell S,
Lewis M, Scanlon M. Problems and pitfalls in the isolation
of an endogenous Na+,K+-ATPase inhibitor. J Hypertens
1987; 10: 157-160
Sagnella GA, MacGregor GA. Problems in the identification and measurement of a sodium transport inhibitor in

human plasma. Klin Wochenschr 1985;63 (Suppl 3): 150-153
51. Hamlyn JM, Harris DW, Clark MA, Rogowski AC, White
RJ, Luolens JH. Isolation and characterization of a sodium
pump inhibitor from human plasma. J Hypertens 1989; 13:681689
52. Groto A, Yamada K, Yagi N, Hui C, Sugimoto T. Digoxinlike immunoreactivity: is it still worth measuring? Lite Sci
1991; 49:1667-1678
53. Ng LL, Hockaday TD. Non-esterified fatty acids may regulate human leukocyte sodium pump activity. Clin Sci
1986;71:737-742
54. Heagerty AM, Milner M, Bing RF, Thurston H, Swales JD.
Leukocyte membrane sodium transport in transport in normotensive populations: dissociation of abnormalities of sodium efflux from raised blood pressure. Lancet 1982;ii: 894896
55. Poston L, Johnson VE, Gray HH, Hilton PJ, Markandu
ND, MacGregor GA. The effect of dietary sodium restriction on leukocyte sodium transport in normotensive subjects
and in patients with essential hypertension. Klin Wochenschr
1985;63(Suppl 3): 136-138
56. Heagerty AM, Alton SM, el-Asshry A, Bing RF, Thurston
H, Swales JD. Effects of changes in sodium balance on leukocyte sodium transport: qualitative differences in normotensive offspring of hypertensives and matched controls. J
Hypertens 1986; 4:333-337
57. Kamitani A, Wong ZY, Fraser R, Davies DL, Connor JM,
Foy CJ, Watt GC, Harrap SB. Human aplpa-adductin gene,
blood pressure and sodium metabolism. J Hypertens 1998;
32:138-143
58. Manunta P, Cerutti R, Bernarndi L, Stella P, Bianchi G.
Renal genetic mechanisms of essential hypertension. J
Nephrol 1997; 10:172-178
59. Ashida T, Kuramochi M, Kojima S, Yoshimi H, Kawano Y,
Kimura G, et al. Effect of dietary sodium on the Na-K ATPase inhibitor in patients with essential hypertension. Am J
Hypertens 1989; 2:560-562
60. Pontremoli R, Zavaroni I, Mazza S, Battezzati M, Massarino
F, Tixianello A, Reaven GM. Changes in blood pressure,
plasma triglyceride and aldosterone concentration, and red
cell cation concentration in patients with hyperinsulinemia.
Am J Hypertens 1991; 4: 159-163
61. Ng LL, Hockaday TP. The leukocyte sodium pump in healthy
and obese subjects: The association of insulin with its activity. Clin Endocrinol (Oxf) 1986; 25: 383-392
62. Orlov SM, Aksentsev SL, Podukin NI, Tremblay J, Hamet
P. Na+/H+ exchange in vascular smooth muscle cells is
controlled by GTP-binding proteins. J Hypertens 1998; 31:259265
63. Williams GH, Hollenberg NK. Sodium sensitive essential
hypertension: emerging insights into an older entity. J Am
Coll Nutr 1989;8:490-494
64. Garay RP. Kinetic aspects of red blood cell sodium transport systems in essential hypertension. J Hypertens
1987;10:111-114
65. Redgrave J, Canesa M, Gleason R, Hollenberg NK, Williams GH. Red blood cell lithium-sodium countertransport
in non-modulating essential hypertension. J Hyppertens
1989;13:721-726
66. Smith JB, Wade MB, Fineberg NS, Weinberger NH.
Influence of race, sex and blood pressure on erythrocyte
sodium transport in humans. J Hypertens 1988; 12:251-258
67. Smith JB, Wade MB, Fineberg NS, Weinberger MH.
Erythrocyte sodium transport and blood pressure in white
subjects. J Hypertens 1989;13:716-720
68. Hasstedt SJ, Wu LL, Kuida H, Williams RR. Recessive inheritance of a high number of sodium pump sites. Am J Med
Genet 1989;34:332-337
69. Fitzgibbon WR, Morgan TO, Myers JB. Erythrocyte 22Na

HIPPOKRATIÁ 2003, 7, 4

70.

71.
72.

73.

74.
75.

76.
77.
78.

79.

80.

81.

82.

83.
84.

85.
86.
87.

efflux and urinary sodium excretion in essential hypertension. Clin Sa 1980;59:1955-1975
Etkin NL, Mohoney JR, Forthoefel MW, Eckman JR,
McSwigan JD, Gillum RF et al. Racial differences in hypertension  associated red cell sodium permeability. Nature
1982; 297:588-589
Mahoney JR, Erkin NL, McSwigan JD, Eaton JW. Assessment of red cell sodium tranport in essential hypertension.
Blood 1982; 59: 439-442
Lignen P, MBuyamba K, Fagard R, Staessen J, Amery A.
Erythrocyte concentrations and transmembrane fluxes of
sodium end potassium in essential hypertension: role of intrinsic and environmental factors. Cardiovasc Drugs Therapy
1990, 4:321-333.
Postonov YV, Orlov SN, Shevchenko A, Adler AM. Altered
sodium permeability, calcium binding and Na-K-ATPase
activity in red blood cell membrane in essential hypertension. Pflugers Arch 1977;371:263-269
Wessels F, Zumkley H.New aspects concerning the 22 sodium influx into red cells in essential hypertension. Klin
Wochenshr 1985;63 (Suppl III): 38-41
Garay RP, Dagher G, Pernollet MG, Devynck MA, Meyer P.
Inherited defect in a Na+, K+ cotransport system in erythrocytes from essential hypertensive patients. Nature 1980;
284:281-283
Brand SC, Whittam R. The effect of furosemide on sodium
movements in human red blood cells. J Physiol 1984;348:301306
Garay RP, Meyer P. A new test showing abnormal net Na+
and K+ fluxes in erythrocytes of essential hypertensive patients. Lancet 1979; i: 349-353
Garay RP, Elghozi JL, Dagher G, Meyer P. Laboratory distinction between essential and secondary hypertension by
measurement of erythrocyte cation fluxes. N Engl J Med
1980; 302: 769-771
Duhm J, Gobel BO, Lorenz R, Weber PC. Sodium-lithium
exchange and sodium-potassium cotransport in human
erythrocytes. Part 2: A simple uptake test applied to
normotansive and essential hypertensive individuals. J
Hypertens 1982;4:477-482
Wiley JS, Clarke DA, Bonacquisto LA, Scarlett JD, Harrap
SB, Doyle AE. Erythrocyte cation cotransport and
countertransport in essential hypertension. J Hypertens 1984;
6:360-368
Smith JB, Ash O, Hunt SC, Hentschel WM, Sprowell W,
Dadone M, Williams RR. Three red cell sodium transport
systems in hypertensive and normotensive Utah adults. J
Hypertens 1984; 6:159-166
Adragna NC, Canessa ML, Solomon H, Slater E, Tosteson
DC. Red cell lithium  sodium countertransport and sodium-potassium cotransport in patients with essential hypertension. J Hypertens 1982;4:795-804
Canessa M, Brugnara C, Escobales N. The Li+Na+ exchange
and Na+-K+-Cl- cotransport systems in essential hypertension. J Hypertens 1987; 10 (Suppl 1): I4-I10
Tuck ML, Gross C, Maxwell M, Whitfield L, Golub MS.
Erythrocyte Na+,K+ pump and Na+, K+ cotransport in
essential hypertension: relation to race and family history
and treatment. Clin Res 1983; 31:336A
Davidson JS, Opie Lit, Keding B. Sodium-potassium activity as genetic marker in essential hypertension. B M J 1982;
284:539-541
Weder AB, Torreti BA, Julius S. Racial differences in erythrocyte cation transport. J Hypertens 1984; 6:115-123
MBuyamba-Kabangu JR, Lijnen P, Groeseneken D, Staessen
J, Lissens W, Goossens W et al. Racial differences in intracellular concentration and transmembrane fluxes of sodium
and potassium in erythrocytes of normal male subjects. J
Hypertens 1984;2:647-651

167

88. Canessa M, Solomon H, Falker B, Adranga N, Ellison RC.
Familiar aggregation of sodium counteransport and co-transport and essential hypertension. In: Villareal G, ed. Transport across membranes and hypertension. New York: Academic Press, 1983; 78-87
89. Duhm J, Behr J.Role of exogenous factors in alterations of
red cell Na+-Li+ exchange and Na+-K+ contrasport in
essential hypertension, primary aldoseronism, and
hypokalaemia. Scand J Clin Lab Invest 1986; 46: 82-95
90. Mahnensmith RL, Aronson PS. The plasma membrane sodium-hydrogen exchanger and its role in physiological and
pathophysiological processes. Circ Res 1985; 56:773-778.
91. Hnot SJ, Aronson PS. Na+-H+ exchanger and its role in
essential hypertension and diabetes mellitus. Diabetes Care
1991;14:521-535
92. Funder J, Wieth JO, Jensen HE, Ibsen KK. The sodiumlithium exchange mechanism in essential hypertension. Is it
a sodium-proton exchanger? In: Villareal H, Sambhi MP,
eds. Topics in pathophysiology of hypertension. Boston,
Massachusetts: Nartinus Nijhoff, 1984; 147-161
93. Kinsella JL, Aronson PS. Properties of the Na-H exchanger
in renal microvillus membrane vesicles. Am J Physiol 1980;
238:F461-F469
94. Yip KP, Tse CM, McDounough AA, Marsh DJ. Redistribution of Na+/H+ exchanger isoform NHE3 in proximal tubules induced by acute and chronic hypertension. Am J
Physiol 1998; 275:565-575
95. Blaustein MP. Sodium-transport and hypertension: where
are going; Hypertension 1984; 6:445-453
96. Aronson PS. Red cell sodium-lithium countertransport and
essential hypertension. N Engl J Med 1982;307:317
97. Weder A Red cell sodium-lithium countertransport and renal lithium clearance in hypertension. N Engl J Med 1986;
314:198-201
98. Livine A, Bagle JW, Veitch R, Marquez-Julio A, Grinstein
S, Rothstein A. Increased platelet Na+-H+ exchanger rates
in essential hypertension: application of a novel test. Lancet
1987; I:533-536
99. Ng LL, Harker M, Abel ED. Mechanisms of leukocyte sodium influx in essential hypertension. Clin Sci 1988;75:521526
100. Ng LL, Dudley C, Bomford J, Hawley D. Leukocyte intracellular pH and Na+ /H+ antiport activity in human hypertension. J Hypertens 1989;7:471-475
101. Schmouder RL, Weder A.Platelet sodium  proton exchange
is increased in essential hypertension. J Hypertens 1989;7:325330
102. Salles JP, Barthe P, Begasse F, Bouissou F, Chap H,
Chamontin B. Platelet sodium-proton exchange rates in young
adults with a history of childhood hypertension. J Hypertens
1991; 9 (Suppl 6): S316-S317
103. Goldsmith DJA, Tribe RM, Poston L, Cappuccio FP,
Markandu ND, MacGregor GA, Hilton PJ. Leukocyte intracellular pH and Na+-H+ exchange activity in essential hypertension: an in vitro study under physiological conditions.
J Hypertens 1991; 9: 645-653
104. Canessa M, Adranga N, Solomon HS, Connonolly T,
Tosteson DC. Increased sodium-lithium countertansport in
red cells of patients with essential hypertension. N Engl J
Med 1980;302:772-776
105. Poston L. Endogenous sodium pump inhibitor : a role in
essential hypertension. P Clin Sci 1987; 72: 647-655

Corresponding author: Charalabopoulos K.A - 13, Solomou street
- 452 21 Ioannina, Greece
Õðåýèõíïò áëëçëïãñáößáò: Ê.Á. ×áñáëáìðüðïõëïò - Óïëùìïý
13, 452 21 ÉùÜííéíá

