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Summary: The plasticity of cellular Ca%* control and the
events regulated by [Ca?*]; and other messengers make it
difficult to assign causative or consequential roles to de-
ranged platelet Ca?*-linked processes in the pathophysi-
ology of essential hypertension. Our studies in human
platelets support an underlying membrane pathology as
being causative since observed derangements including
partial membrane depolarization and enhanced calcium
influx, enhanced hormone responsiveness and coupling
to adenylate cyclase, increased phosphoinositide metab-

olism, as well as stimulated Ca?*-ATPase extrusion ac-
tivity are membrane associated systems. Modification of
phosphoinositide metabolism may be a key factor ac-
counting for the multifaceted membrane abnormalities
and eventually contribute to the elevated cytosolic
[Ca%*]; concentration in essential hypertension. Whether
these membrane abnormalities can also be found in
human smooth muscle cells has yet to be determined.
Key Words: Hypertension— Enhanced calcium influx—
Enhanced hormone sensitivity.

Changes in cytosolic free calcium regulate the
extent of myosin phosphorylation (1) and it is the
subsequent alteration in contractile protein activity
within vascular smooth muscle cells that finally de-
termines the state of arteriolar tone and peripheral
vasoconstriction (2). While elevated peripheral ar-
teriolar tone is the hemodynamic hallmark of es-
sential hypertension, there is no direct proof that
arterial intracellular free calcium concentration is
elevated in hypertensive animal or man. There is
pharmacological evidence to support that in both
experimental and clinical hypertension arteriolar
constriction is more sensitive to calcium and that
excess calcium influx-dependent vasoconstriction
can be relieved by administration of calcium antag-
onists (3,4). Because of the difficulties involved in
clinically investigating calcium metabolism in vas-
cular smooth muscle, recent methodological devel-
opments have tended toward the investigation of
calcium influx and extrusion mechanisms as well as
subcellular calcium concentrations in different cir-
culating blood cells (5,6) which are more easily ac-
cessible. Derangements in these cells may reflect

cellular abnormalities occurring in the smooth
muscle cell. The present paper reviews evidence
for increased calcium influx and decreased calcium
extrusion in platelets from patients with essential
hypertension. These observed calcium homeostatic
abnormalities could explain an elevated intracel-
lular free calcium concentration and they are sug-
gestive of a platelet membrane calcium handling
defect in patients with essential hypertension. This
may account for their increased hormone sensi-
tivity of the platelet as well as the increased risk for
thromboembolic complications in hypertensive pa-
tients.

ELEVATED INTRACELLULAR FREE
CALCIUM CONCENTRATION IN
ESSENTIAL HYPERTENSION

Intracellular free calcium concentration [Ca?*);
can be assessed with sensitive and nonmembrane
disruptive fluorescent dye techniques (5,6) which
have been used primarily in platelets and lympho-
cytes. Because of interference of hemoglobin with

Address correspondence and reprint requests to Prof. Fritz R. Biihler at Division of Cardiology, University Hospital, CH-4031 Basel,

Switzerland.

S145



Si46 BUHLER ET AL.

the fluorescent dyes, this method cannot be used in
erythrocytes and in these cells free calcium con-
centrations have been measured with ion selective
electrodes (7).

As shown in Fig. 1, Quin2-assessed {Ca?*]; in
platelets is elevated in patients with elevated blood
pressure and there is a direct correlation between
calcium concentration and the height of both sys-
tolic and diastolic blood pressure (8,9). Elevated
concentrations of cytosolic calcium in circulating
cells from hypertensive subjects have been con-
firmed for both platelets (10,11) and erythrocytes
(7), while comparative analyses in lymphocytes
have not yet revealed differences in free calcium
concentration (10,13). A direct relationship be-
tween [Ca2*]; and the height of blood pressure has
also been confirmed by Ashley et al. (13).

Intracellular free calcium in both platelets and
erythrocytes has been shown to decrease with anti-
hypertensive treatment, irrespective of the drug
used (9,14). These data are suggestive of a parallel
reduction in excess calcium influx dependent vaso-
constriction and normalization of cytosolic free cal-
cium concentration (15), although this relationship
is apparently not directly or temporally correlated.

There are two ways of interpreting the relation-
ship between elevated free calcium concentration
and circulating blood cells and blood pressure.
Firstly, the activation of platelets and erythrocytes
could occur as a direct response to mechanical ef-
fects of elevated blood pressure per se. Removal of
these increased shear forces by any form of blood-
pressure lowering might be expected to deactivate
and normalize cell function. One potential argu-
ment against such a simple interpretation is pro-
vided by the fact that platelets drawn from patients
with essential hypertension during antihypertensive
therapy and with a normal blood pressure have a
normal [Ca?*];; however, they still display an en-
hanced [Ca?*]; response and functional sensitivity
to activating hormones (16,17). An alternative ex-
planation may be that circulating cells integrate
hormonal, ionic, and pharmacological influences
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that control or interfere with cardiovascular regula-
tion. For example, different sets of membrane re-
ceptors may account for the difference observed
between lymphocytes and platelets or erythro-
cytes. We briefly discuss possible mechanisms in-
volved in the elevation of cytosolic free calcium
concentrations.

ENHANCED CALCIUM INFLUX IN
PLATELETS OF PATIENTS WITH
ESSENTIAL HYPERTENSION

A role for calcium influx in human platelet func-
tion can be deduced from experiments demon-
strating platelet activation by calcium agonists and
blockade of this activation by calcium antagonist
pretreatment (18). In addition, the platelet response
to certain hormones is decreased in the absence of
extracellular calcium. That elevated cytosolic cal-
cium in platelets from patients with essential hy-
pertension can only be shown in the presence of
extracellular calcium is perhaps the most con-
vincing evidence for an enhanced influx component
(11). The presence of potential operated calcium
channels is supported by an increase in 45 calcium
influx following membrane depolarization by KCI.
Receptor operated mechanisms also involve slow
calcium channel influx (19).

ENHANCED HORMONE SENSITIVITY AND
PHOSPHOINOSITOL TURNOVER

Other platelet activators such as serotonin, vaso-
pressin, and thrombosis increase cytosolic free cal-
cium via activation of the phosphatidylinositol turn-
over (Table 1) and release of calcium pools (20-22).
Some comparative studies in platelets from normo-
tensive and hypertensive individuals indicate that
in the thrombin preactivated platelet adrenalin in-
duces a greater increase in free calcium concentra-
tion in patients with essential hypertension, and
that this is functionally reflected by a more sensi-
tive contractile protein phosphorylation response
as well as a more sensitive platelets shape change

FIG. 1. Correlation between in-
tracellular free calcium concen-
tration in human platelets and
blood pressure in normotensive
and essential hypertensive pa-
tients.
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TABLE 1. Platelet phosphoinositide metabolism in
essential hypertension

% P-incorporation

PA Pl PIP PIP,
Normotensive
subjects (n = 10) 7.1 = 1.8 298 x 4.7 324 + 25 293 + 33
Hypertensive
patients (n = 9) 4.1 = 1.1 59 + 1.2 455 23 433 =26
p value NS <0.00 <0.001 <0.01

Values represent mean = SEM. where n = number of individuals: p
values indicate significance of difference between subject groups: and
NS. no significant difference.

response (16,17,23,24) (Fig. 2). These enhanced re-
sponses to hormonal activation are in accordance
with a recently observed partial depolarization of
platelets from patients with essential hypertension
(25). It is possible that the widespread membrane
defect accounts for increased calcium leakiness or
passive calcium permeability in cells from hyper-
tensive patients.

Platelet preactivation may also have direct impli-
cations for the observed reduced serotonin uptake
reaction and altered uptake and efflux of noradren-
aline in hypertensive patients (26-28), and may ex-
plain the high rate of thrombotic complications
known in hypertensive patients (29).

DECREASED CALCIUM ATPase
EXTRUSION ACTIVITY

Calcium ATPase activity in platelet membranes
can be stimulated by calmodulin, and this is higher
in patients with essential hypertension than in nor-
motensive subjects (30,31). The absolute increase
in calmodulin stimulated calcium ATPase activity
was not different between normotensive and hyper-
tensive subjects. However, the degree of calmod-
ulin stimulation of calcium ATPase activity was re-
duced in patients with established essential hyper-
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tension (30) (Fig. 3). This blunted calcium pump
activity has also been demonstrated in other tissues
such as erythrocytes of spontaneously hyperten-
sive rats, cardiomyocytes and brain microsomes as
well as in erythrocytes of hypertensive subjects
(32). A decreased degree of calmodulin stimulation
may contribute toward an elevated {Ca2*]; and the
associated enhanced hormone sensitivity in plate-
lets from essential hypertensive subjects. The ele-
vated total calcium ATPase activity may represent
an adaptive negative feedback mechanism to pro-
tect the cell against calcium overload.

MEMBRANE STRUCTURE AND FUNCTION
ABNORMALITY IN HYPERTENSION

The observed enhanced calcium influx depen-
dent mechanism and reduced calcium extrusion
pump activity could both be the results of a com-
mon plasma membrane defect which has yet to be
defined. The existence of such a membrane defect
in hypertensive cells is supported by observations
of enhanced membrane fluidity, altered concentra-
tion or reaction to calcium protein binding, and in-
creased calcium permeability (34). It can be specu-
lated that abnormal membrane function might be
related to a different phospholipid composition or a
defect in fatty acid metabolism (35). One or several
genetic factors could contribute to, or potentially
cause, an inherent membrane structural or func-
tional defect of the plasma membrane.

CLINICAL EXPERIMENTAL CORRELATES

Both an altered calcium handling as evidenced by
increased levels and other tissues (9,36) [Ca%*]; in
platelets, and the excessive calcium influx depen-
dent vasoconstriction in patients with essential
hypertension, may be related to mechanisms in-
volving excessive a-1 and «-2-adrenoceptor me-
diated as well as decreased B-2-adrenoceptor me-
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FIG. 3. Stimulation of platelet membrane 260
Ca?+-ATPase by calmodulin: comparison
between 13 normotensive (0) and 14 es-
sential hypertensive (0) subjects. Cal-
modulin-deficient membranes were as-
sayed for Ca?*-ATPase activity in the
presence of varying concentrations of
calmodulin. Stimulation by calmodulin is
expressed relative to the activity obtained
in the absence of calmodulin (taken as
100%). These values were derived from
measurements of Ca2*-ATPase activities
(expressed as P, released in nmol/mg
membrane protein/min). Data are means
+ SEM.
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diated responses (37). During antihypertensive
therapy with calcium antagonists, B-blockers, the
elevated free calcium concentration in platelets can
be reduced in association with a normalization of
excess calcium influx dependent vasoconstriction
(15). Defects of calcium handling in platelets of es-
sential hypertensive patients do have their hemody-
namic corollary and, at least in part, explain mech-
anisms by which different drugs lower blood pres-
sure.
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