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Glimpses of the mechanisms of hypertension
The steep gradient in the concentration ofsodium ions across
the membrane of living cells is maintained by a cation
dependent ATPase which has been described as a cochemi-
porter. The enzyme is embedded in the cell membrane, splits
ATP, and transports three sodium ions from the interior in
exchange for two potassium ions. It contributes to the resting
membrane potential, and the resulting ion gradients are a
source of energy driving other cation transport mechanisms.
At least three of these transporters are relevant in hyper-
tension: bidirectional Na+/K+ cotransport, a process in-
hibited by loop diuretics; Na+/Cat+ countertransport, in
which intracellular sodium is exchanged for calcium; and
Na+/Li+ countertransport.
Many of these transporters have been implicated in the

pathogenesis of essential hypertension, but establishing
which (if any) of the abnormalities is a primary fault and
identifying the mechanism linking this fault to increased
vascular resistance has been difficult. Arterioles are small,
inaccessible, and difficult to study. Most investigators have
therefore turned their attention to erythrocytes, leucocytes,
and the larger muscular arteries of animals with experimental
hypertension.
The activity of the sodium pump, as measured by fluxes of

radioisotopes, is often altered in arterial muscle from rats
with experimental hypertension,' but the direction of change
varies. In arterial muscle from the spontaneously hyper-
tensive rat the pump activity is increased.'2 This increase
may result from enhanced passive permeability of the cell
membrane to Na' , which may be a consequence of
increased sympathetic nerve input.43 The activity of the
pump is probably also increased in erythrocytes from
patients with essential hypertension (both in vitro6`'0 and in
vivo") and with pregnancy induced hypertension,'2 although
not everybody agrees.'3" A recent analysis of pooled data
from 20 papers found a small but significant increase in
erythrocyte sodium content,'5 but one study that ensured
rapid and efficient separation of the cells from the plasma
found the opposite.'6
The rate of sodium efflux from leucocytes is higher than

from erythrocytes, but the rate constant for ouabain sensitive
sodium efflux is reduced despite an increase in intracellular
Nat concentration.'7" Whether this reduction is genetic is
not clear,'8 2' perhaps because of the difficulty in assessing the
genetic element in family studies of this sort.22 Resistance
vessels have a faster rate ofsodium efflux than leucocytes, but
the ouabain sensitive sodium efflux rate constants in the two
tissues are correlated.23
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Although it is over 30 years since Tobian first described an
increase in the sodium content of renal arteries from subjects
with hypertension,24 we are still uncertain about Nat con-
centration in smooth muscle cells.25 The relation between
Na+ concentration in arterial muscle and hypertension may
not be constant.' Nuclear magnetic resonance may help
monitor the intracellular concentration of Na,26 but more
data are needed.
The rate of sodium efflux is critically dependent on the

intracellular concentration of Na4 but is also affected by the
extracellular concentration of K+. Why does the sodium
pump in leucocytes not respond to the increased concentra-
tions of internal Na+)? Much research has centred on the
hypothesis that there is a circulating pump inhibitor in
essential hypertension, produced in response to subtle
expansion of extracellular fluid volume.27 Although there is
evidence for the existence of such an inhibitor in man,2" and
in animals with volume dependent hypertension,3' it seems to
affect leucocytes and not erythrocytes.28 In contrast, cardiac
glycosides inhibit the pump on both of these blood cells. The
structure of the inhibitors) is unknown, and the atriopeptins
with their natriuretic and vasorelaxant effects do not inhibit
pump activity.32 Some membrane phospholipids also affect
the activity of the enzyme,33 which is central to the
hypothesis that membrane structure is abnormal in hyper-
tension.35
But could an increase in intracellular Na+ concentration

increase peripheral vascular resistance? Attention has been
focused on the Na/Ca++ exchange mechanism, which is
certainly present in cardiac muscle'37 but not perhaps in
vascular muscle.38 Giving cardiac glycosides acutely causes
vasoconstriction,3" but less is known about the effects
of chronic treatment.4' In any case, the change of intra-
cellular Na concentration resulting from pump inhibition
may not be sufficient to cause calcium mediated vasocon-
striction.4' 42

Since Garay and Meyer first reported abnormal outward
cotransport of Na+ in erythrocytes in hypertension,43 this
carrier mechanism has been investigated exhaustively. Also
known as a symport, it probably maintains cell volume when
intracellular Na4 concentration is increased." Most recent
evidence suggests that cotransport is normal or increased in
erythrocytes in essential hypertension' 14 15 35; differences of
technique may account for some of the discrepancies.'035
Bianchi has suggested that the genetically determined in-
crease in Na+/K+ cotransport in erythrocytes of the Milan
strain of hypertensive rat is responsible for the increased
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proximal tubular reabsorption ofsodium which is thought to
cause the hypertension.45

Canessa and her colleagues first reported increased maxi-
mal rates of Na+/Li+ countertransport in erythrocytes from
some patients with essential hypertension.' This has been
confirmed, although abnormalities are hardly evident in
hypertensive women47 and blacks,.4 and body weight seems
to have an effect in its own right.49 54 Lithium is not a natural
substrate of the exchanger, which may function normally in a
Na+/Na+ or Na+/H+ mode. The Na+/H+ antiport is -well
characterised: it is inhibited by amiloride, helps regulate
intracellular pH, and promotes cell growth.5"-53 If Na+/Li+
exchange in erythrocytes is equivalent to Na+/H+ exchange,
which is uncertain,55 then increased Na+/H+ exchange
might be linked to the pathogenesis of hypertension in two
ways: overactivity of the exchanger in the proximal renal
tubule might cause sodium retention53 56; or overactivity in
the erythrocyte might be a manifestation ofincreased growth
factor activity causing hyperplasia or hypertrophy ofvascular
smooth muscle and hence increased vascular resistance.57

Studying sodium transport across the cell membrane has
given at best tantalising glimpses of the mechanisms in
hypertension. We need to know more about these tran-
sporters in the myocytes of resistance vessels and more about
their relation to transporters in blood cells.
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Pacemaker syndrome
Permanent cardiac pacing is the treatment for symptomatic
bradycardia due to ventricular conduction defects, sinoatrial
disease, and the carotid sinus syndrome. About 114 new
pacemakers for every million people are implanted each year
in Britain, and the rate is increasing. A stable rate of 300-400
per million may be reached nationally over the next five years
and has already been approached by a few British centres and
reached in several European countries.2 It is increasingly
important, therefore, that doctors appreciate that apparently
satisfactory function of an- implanted ventricular pacemaker
may be associated with a whole range of cardiac symptoms,
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