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A humoral ouabain-like plasma factor has been observed in patients with essential hypertension (EHT). In
the present study, we hypothesized that this humoral factor might be responsible for the elevated cytosolic
free calcium concentrations [Ca2+]i seen in these patients. Patients with mild to moderate EHT and their
normotensive first degree blood relatives (NTBR) participated in the study. Platelet Na +, K§
activity
was assayed in EHT patients and their NT first-degree relatives. To confirm the ouabain-like activity in
plasma from EHT patients, control platelets were incubated with EHT and NTBR plasma and their Na +,
K+-ATPase activity was measured. In addition, the effect of EHT plasma on platelet 45Ca-uptake was studied.
The in vitro effects of ouabain (10pM) on (i) 45Ca-uptake and (ii) [Ca2+]i response in control platelets were
also observed. A decreased Na+K+-ATPase activity (P < 0.05) was observed in platelet membranes from EHT
patients. Incubation of control platelets with EHT plasma decreased their Na+, K+-ATPase activity
(P<0-01) and increased their 45Ca-uptake (P<0.05). C-18 Sep-Pak filtered hypertensive plasma extracts
(containing the ouabain-like fraction) also decreased Na § K+-ATPase activity (P<0-01) in control platelet
membranes. In vitro incubation of control platelets with ouabain increased 45Ca-uptake (P < 0.05) and [Ca2+]i
response (P< 0.05) in these platelets. Thus it appears that an ouabain-like factor in the EHT plasma may
contribute to the elevated platelet [Ca2+]i observed in EHT patients.

1.

Introduction

Hypertension is a well established cardiovascular risk
factor and increases the risk of atherosclerosis, stroke
and coronary heart disease. Calcium concentration in the
cytosol is one of the main determinants of the contractile
properties of vascular smooth muscle cells (VSMC). As
a consequence, a defect in the metabolism of this cation
has been implicated hn the pathogenesis of the hypertension. Indeed for many years, several abnormalities of
calcium metabolism have been identified in hypertensive
patients (Copper et al 1987; Gulati et al 1992, 1996;
Dean et al 1994) but their causal relation with hypertension remains unclear. Intracellular free calcium [Ca2+]i
is an important determinant of vascular smooth muscle
contractility. [Ca2+]i has been consistently observed to

be increased in various cells in hypertensive individuals
and spontaneously hypertensive rats (SHRs). Since the
hallmark of essential hypertension (EHT) is increased
total peripheral vascular resistance (TPR) and is proposed
to result from an increased contraction of VSMC, it has
been suggested that elevated [Ca2+]i may be an important
causal factor in hypertension. The major mechanisms
regulating [Ca2+]i levels in VSMC are namely, Ca 2+ via
receptor-operated and voltage-dependent Ca 2§ channels
across the plasma membrane and Ca 2§ release and uptake
by the sarcoplasmic reticulum (SR).
Platelets have been extensively used in studying pathophysiology of hypertension (Erne et al 1984; Cooper
et al 1987; Dean et al 1994) since these cells are
mediators of thrombotic complications and promoters of
atherosclerosis. Moreover, the platelets possess many
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parallel biochemical and physiological properties similar
to the VSMCs i.e., they have similar calcium dependent
contractile systems and similar pools for regulation of
intracellular calcium (the dense tubular system in platelets
and the sarcoplasmic reticulum in smooth muscle cells).
They have comparable calcium dependent physiological
functions such as shape change, aggregation and secretion
in platelets and contraction in.smooth muscle cells (Buhler
and Resink 1988). These corolarries together with easy
clinical accessibility and cellular homogeneity of platelets
have led to the study of human platelets as a model
reflecting events occurring in smooth muscle cells in
essential hypertension. Amongst the several abnormalities
seen in Ca 2§ homeostasis in essential hypertension [Ca2+]i
has been consistently found to be increased in platelets
from EHT patients (Erne et al 1984; Cooper et al 1987;
Taylor et al 1989; Gulati et al 1992). This increased
[Ca2+]i could result from an increased [Ca2+]i into the
intraceUular storage systems. Studies on cellular [Ca2+]i
handling in platelets in EHT have shown an increased
45Ca-uptake (Gulati et al 1992) and decreased [Ca2+]i
ATPase mediated [Ca2+]i eft]ux (Resink et al 1986;
Takaya et al 1990; Gulati et al 1996). However, the
factors responsible for this altered calcium transport are
not well delineated. Several reports have suggested the
existence of humoral factor(s) in the hypertensive plasma
which may contribute to the altered calcium homeostasis
seen in EHT. Lindner et al (1987) proposed that plasma
from EHT contains a substance that may be responsible
for the increased cytosolic free Ca 2§ concentration in
normal platelets. A low molecular weight plasma fraction
from EHT has been found to increase Ca 2+ influx and
Ca 2§ accumulation in subcellular particles of normal
neutrophils (Zidek et al 1988). Ouabain has been shown
to induce a marked increase in [Ca2+]i in VSMCs from
spontaneously hypertensive rats (SHRs) as compared to
those from Wistar kyoto (WKY) rats (Zhu et al 1994).
This difference has been proposed to be due to an
increased Ca 2+ influx in hypertensive VSMC, because
in a Ca2+-free medium, the differences between the two
strains were abolished. Blood ouabain concentrations
have been shown to increase several fold in certain
forms of hypertension (Argento et al 1991; Gottlieb
1992). Besides, chronic administration of low doses of
ouabain has been shown to induce hypertension in
normal rats (Manunta et al 1992). Thus, it appears that
an ouabain like factor in the plasma of EHT may be
contributing to the altered calcium homeostasis seen in
platelets from EHT. The present study was designed to
elucidate the role of an endogenous ouabain like factor
from EHT plasma, in the platelet Ca 2§ homeostasis. We
estimated the platelet Na § K+-ATPase activity in EHT
and their normotensive blood relatives (NTBR). The
effect of EHT plasma on platelet Na +, K+-ATPase activity
and Ca 2+ transport was also studied. The effect of ouabain

on platelet Ca 2§ handling by normal platelets was also
looked into.
2.
2.1

Methods

Patient selection

Essential hypertensives (n = 10) attending the hypertension
clinic at the Postgraduate Institute of Medical Education
and Research (Chandigarh) were included. An informed
consent was obtained prior to blood sampling. The study
was approved by the Institute Ethics Committee. They
were diagnosed with respect to diastolic blood pressure
(DBP; Korotkoff Phase V) and World Health Organization
Criteria. All patients had a DBP > 95 mmHg, the mean
of three measurements obtained on three different occasions. Blood pressure was measured with a mercury
sphygmomanometer in the supine position. EHT was
diagnosed on the basis that no known cause of high
blood pressure could be ascertained after complete clinical, biochemical and radiological examination. Patients
with renal, cardiovascular or any other complications
were excluded from the study. Only mild-to-moderate
untreated hypertensives (DBP > 95-115 mmHg) were included.
Twenty normotensive (NT) volunteers were also included in the study. They had a DBP < 85 mmHg upon
repeated examination. They were divided into 2 groups.
One group consisted of 10 NT subjects who were firstdegree blood relatives (siblings or progeny) of EHT
patients and the other group of 10NT control subjects
who had no family history of hypertension. Informed
consent was taken from all the subjects. Table 1 gives
the age, blood pressure and male/female ratio of the
various groups studied.
2,2 Platelet membrane Na § K+-ATPase activity
Platelet membranes were prepared by the method of
Resink et al (1986). Briefly, freshly isolated platelets
were suspended in ice-cold lysis buffer containing 5 mM
EDTA and 5 mM Tris-hydrochloride (pH 7.0) at 20~
and frozen in liquid nitrogen. After thawing at room
Table 1. Clinical characteristics of patient groups.

Age (yrs)
Sex (M/F)
SBP (mmHg)
DBP (mmHg)

NT control
subjects
(n = 1O)

Untreated
EHT
(n = 1O)

NT blood
relatives of EHT
(n = 1O)

29 + 2-2
5/5
119+3.2

49 + 0.9
5/5
160+6.3
105+3.2

28 + 0.7
5/5
121 +3.5
82+2.2

76•

SBP, Systolic blood pressure; DBP, Diastolic blood pressure.
Values are mean + SEM.
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temperature, the platelet lysate was centrifuged at 39,000 g
for 10 min at 4~ The membrane pellet was resuspended
in modified Tyrode's buffer and the Na § K§
assay was carried out. The assay medium consisted of
0.2 ml of 75 mM Tris-HC1, 0.1 ml of CaCI 2 (75 mM),
0.1 ml of KCI (200 mM) and 0.1 ml NaCI (I.2M). To
this 50 ~tl of the membrane suspension (containing 1030 I.tg protein) and 50 ~tl of ATP (50 mM) were added
to initiate the reaction. Incubation was carried out at
370C for 30 rain. The assay was carried out both in the
presence and absence of 100 ~tM ouabain. Reactions were
terminated by addition of 250 lal of 2.5 M perchloric
acid. The Na § K§
activity was obtained by
substracting ouabain sensitive ATPase from total ATPase.
Inorganic phosphorus released from ATP was measured
by the method of Chen et al (1956).
Platelet membrane Na § K§
activity was assayed
in platelets of NT controls, EHT patients and their NT
relatives.
Platelet membrane Na § K§
activity was also
assayed in control platelets incubated with EHT plasma
ultrafiltrate. For this, the following groups were taken:
(i) Control platelets incubated with control plasma;
(ii) Control platelets incubated with EHT plasma;
(iii) Control platelets incubated with NTBR plasma;
(iv) Control platelets incubated with heat-treated (at 50~
for 60 min) EHT plasma; (v) Control platelets incubated
with C-18 Sep-Pak filtered and ethanol extracted EHT
plasma.
For incubation studies, an ultrafiltrate of plasma was
prepared as follows:
Platelet-rich plasma was centrifuged at 1500g to remove the cells. The clear plasma was then filtered
through a type HA millipore filter with a pore size of
0.45 lam. The filtrate was passed through an Amicon
filter (type • M300). A ratio of I to 4 (vol/vol) of plasma
to platelets was used for incubation studies. Platelets
were incubated with plasma for 45 min at 37~ and then
platelet membranes were prepared.
2.2a 45Ca-uptake experiments: 4SCa-uptake studies in
unstimulated platelets were carried out by the method
of Brass (1984) as described earlier (Gulati et al 1992).
Blood (5 ml) was collected in plastic vials containing
anticoagulant citric acid: trisodium citrate: glucose:
NaH2PO 4 (ACD; 0.32: 2.63: 2.32: 0-25%) and incubated
for 30 min at room temperature with 1 mmol/L aspirin.
Platelet rich plasma was obtained by centrifugation at
140 g for 15 min at room temperature. The platelets were
isolated by gel filtration on a Sepharose-2B (Pharmacia
Fine Chemicals, Uppasala, Sweden) column using an
elution buffer containing (in mmol/l) 137NaCI, 2.7 KCI,
1.0MgCI 2, 5.6glucose, 3-3 Nail 2 PO 4, 4.0HEPES and
1 mg/ml bovine serum albumin (ph 7.4). The concentra-

61

tion of the platelets was adjusted to 107 platelets/ml with
elution buffer. The gel filtered platelets were incubated
with CaCI 2 (50 ~tmol/l) for 30min at 37~ and subsequently a tracer quantity (2 I.tCi/ml) 45CAC12 Bhabha
Atomic Research Centre, Mumbai) was added to these
aliquots. Aliquots (0.2 ml) of the platelet suspension were
removed (in duplicate) at specified time intervals (5 and
20 min). The time intervals of 5 and 20 min were taken
for 45Ca-uptake at 5 min in NT subjects and at 20 min
in EHT patients. Each aliquot was filtered through
0-45 Ixm Millipore HAWP filters (Millipore Corp,
Bedford, Massachusetts, USA). Filters were then rinsed
with 10 ml of wash buffer to remove extracellular 45Ca.
The composition of the wash buffer was same as the
elution buffer, except that 5 mmol/I EGTA was added
and glucose and albumin were omitted. Platelet associated
45Ca retained on the filters was measured by scintillation
on a fl-scintillation counter (LKB model 1214, Rackbeta,
Wallac, Tunku, Finland) using Bray's scintillation medium
(New England Nuclear, Boston, Massachusetts, USA).
The above mentioned 45Ca-uptake studies were carried
out in resting platelets of NT controls treated with EHT
plasma ultrafiltrate. For these studies the following groups
were taken:
(i) Control platelets incubated with control plasma;
(ii) Control platelets incubated with EHT plasma;
(iii) Control platelets incubated with plasma from blood
relatives of EHT.
Heat-treated plasma from controls, EHT and their blood
relatives were prepared. Control platelets were also
incubated with these heat-treated plasma samples and
then 45Ca-uptake studies were carried out in these samples.
2.3

Studies of the in vitro effect of ouabain

The in vitro effect of 10 laM ouabain was observed on:

(i)45Calcium uptake in platelets: Gel filtered platelets
prepared on Sepharose 2B column were isolated and
incubated with 10 laM ouabain for 75 min at 37~ prior
to the addition of 45Ca. Calcium uptake studies were
later carried out at time intervals of 1, 5, 10, 20, 30
and 60min (Gulati et al 1992). Control sets were also
run simultaneously.
(ii) [Ca2+]i response studies in platelets: Fura-2
(Fura-2/AM; Sigma Chemical Co., St. Louis, MO, USA)
loaded platelets were prepared as described earlier (Gulati
et al 1992) and were then preincubated for 75 rain with
ouabain (10 laM) in the presence of 1 mM Ca 2§ or without
Ca 2§ Fluorescence measurements (Excitation wavelength
340nm and 380 nm and emission wavelength 510nm)
were made in the resting state and after stimulation with
0-5 laM ADP. Measurements were made in a Kontron
spectrofluorometer (model SFM 25, Kontron Instruments,
Zurich). The percentage increase in [Ca2+]i was calculated
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from the fluorescence measurements before and after the
addition of ADP.
2.4 Statistical analysis
Values are expressed as means + SEM. Data was analysed
by one way ANOVA or two-way ANOVA as required.
3.

Results

Table 2 shows the Na +, K+-ATPase activity in the platelet
membranes of NT controls, untreated EHT patients and
biT blood relatives of EHT patients. A significantly
decreased (P<0.05) Na +, K+-ATPase activity was
observed in untreated EHT as compared to control subjects. NTBR also showed a lower Na +, K+-ATPase
activity than control subjects, but it was not significant
statistically.
Figure 1 shows the effect of EHT plasma on platelet
Na +, K+-ATPase activity. Platelets from NT controls
were incubated with plasma from NT controls, EHT
plasma and NTBR plasma. Platelets incubated with EHT
plasma showed a significantly decreased (P< 0-01) Na §
K+-ATPase activity as" compared to those incubated with
control plasma and NTBR plasma. When control platelets
were incubated with heat-treated EHT plasma, no
significant alteration in the Na +, K+-ATPase activity was
observed in these platelets (figure 2). However,
pre-incubation of control platelets with C-18 Sep-Pak
extracted EHT plasma resulted in a significantly decreased
(P< 0-01) Na +, K+-ATPase activity as compared to controis (figure 2). Both at 340 nm and 380 nm excitation,
the basal fluorescence output (photon count) in the control
set (no ouabain but with 1 mM CaCI 2) happened to be
smaller than the photon count when cellular calcium was
supposedly a minimum. At present we have no explanation
for this observation.
Figure 3 shows the effect of EHT plasma on 4SCa-uptake
by platelets from normotensive controls. When platelets
from NT controls were incubated with control plasma,
maximal 45Ca-uptake was seen at 5 min. However, when
control platelets were incubated with EHT plasma maximal 4SCa-uptake was seen at 20 min. Moreover, 45Ca-

uptake was significantly higher in platelets incubated
with EHT plasma as compared to those incubated with
control plasma. However, no change in 45Ca-uptake was
seen in platelets incubated with biT blood relative plasma.
When control platelets were incubated with heat-treated
plasma from different groups, similar 45Ca-uptake was
observed in all the groups (figure 4).
Figure 5 shows the effect of ouabain on 45Ca-uptake
by control platelets observed at time intervals of 1, 5,
10, 20 and 30 min. An increased 45Ca-uptake was observed
in platelets incubated with ouabain at the time intervals
of 5 rain (P<0-01),
10 rain (P<0-01),
20rain
(P < 0.05) and 30 rain (P < 0-05).
Platelet [Ca2+]i response to ADP (0.5 IlM) was studied
in the control platelets incubated with and without ouabain
(10gM) (figure 6). This figure shows the percentage
[Ca2+]i response in control platelets and ouabain treated
platelets. In the presence of 1 mM extracellular Ca 2+, a
significantly increased [Ca2+]i response was observed in
both the groups of platelets, as compared to that in the
absence of extracellular Ca2+. However, this response
was significantly higher in the platelets pre-incubated
with ouabain (P < 0-05) as compared to the control group
platelets.
4.

Discussion

A defective cellular Ca 2+ handling resulting in increased
[Ca2+]i levels has been reported in platelets, VSMCs
etc., in EHT (Gulati et al 1992; Kwan 1995; Takaya
et al 1990). However, the causative factors responsible
for this altered cellular Ca 2+ homeostasis are yet to be
fully delineated. Both, an increased platelet Ca2+-uptake
(Gulati et al 1992) and a decreased Ca2+-ATPase coupled
Ca2+-effiux (Takaya et al 1990) in EHT have been
observed. An endogenous ouabain-like inhibitor of Na+,
K+-ATPase has been detected in the plasma of patients
with EHT (Milner et al 1984; Saitoh et al 1988; Masugi
et al 1998). Since ouabain has been shown to alter
[Ca2+]i levels in platelets, we hypothesized that an
ouabain-like factor present in the plasma of EHT patients
might also be responsible for the altered Ca 2+ levels
seen in these platelets. Hence, the present study was
planned to investigate the effect of EHT plasma on
platelet Ca2+ handling.

Table 2. Na+, K+-ATPase activity in the platelet membranes of EHT patients and their
normotensive relatives.

Healthy controls
Na*, K+-ATPasr
specific activity
(nmol P/rag protein/min)

25.576+5.985

UntreatedEHT
11.103:1:!.116"

Values are mean:t:SE of mean; n= 10 for each group.
*P< 0.05 vs control subjects.

Relatives of EHT
18-219+i.386
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A reduced sodium efflux rate in leucocytes of EHT
patients was observed by Milner et al (1984) who
attributed it to decreased ouabain sensitive Ha +, K+ATPase activity in these cells. The decreased Na pump
activity in EHT could be due to (i) the presence of
humoral factor(s) in EHT plasma, (ii) a reduced membrane
Na + pump density and (iii) a defect in membrane structure
and function. Our study confirms a sub normal platelet
Na +, K+-ATPase activity in EHT, which appears to be
a common feature of EHT, and may have a pathogenic
role in this disorder. A slightly decreased Na +, K§
activity was seen in the platelets of normotensive first
degree blood relatives too in the present study. A significantly reduced sodium efflux rate constant in NTBR
leucocytes has been observed by Milner et al (1984)
who proposed that there might be inherited abnormality
of sodium handling in leucocytes which is, however,
susceptible to environmental influences.
In the present study, the EHT patients and control
group were not age matched, and the decreased Na +,
K+-ATPase activity in EHT group could reflect an age
dependent decrease in the enzyme activity. A significantly
reduced sarcolemmal Na +, K+-ATPase activity in adult
rat heart as compared to neonatal rat heart has been
reported (Karttunen and Vornanen 1987). Similar results
have been reported for other mammals including dog
and guinea pigs (Miller and Gilliland 1972; March et al
1981; Khatter 1985) suggesting that this might be a
general trend among mammals. However, in rabbits, Na +,
K+-ATPase activity is higher in adults tha.n in newborn
(0-3 day) animals (Nagatomo and Sasaki 1981). The

low Na +, K+-ATPase activity of the adult rat heart was
partly explained on morphological grounds. Approximately one third of the sarcolemma i n adult rat heart
is located at the level of T-tubules (Page et al 1974)
which may be totally devoid of Na +, K+-ATPase actively
(AImers and Stifling 1966). However, in 10 day-old
neonatal rats, T-tubules are just beginning to develop
(Sehiebler and Wolff 1966; Hirakow and Gotoh 1975).
Thus, the Na +, K+-ATPase activity per sarcolemmal protein would be lower in adults due to the contribution
of T-tubular protein. Since surface to cell volume ratio
of cardiac cell also decreases during post natal life of
the rat (Olivetti et al 1980), an equal pump density in
sarcolemma would also mean a lower enzyme activity
per unit cell volume in the adult rat heart. The Na +,
K+-ATPase activity, however, in the crude preparation
of adult and neonate heart was found to be similar by
Karttunen and Vomanen (1987) and they proposed that
decreased enzyme activity seen in purified sarcolemmal
fractions from adult heart could be partly due to the
different effects of isolation procedure (hypertensive
shock etc.) on these two tissues. The decreased Na +,
K+-ATPase activity seen in EHT, in the present study
could reflect the observations made by Karttunen and
Voruanen (1987). However, NTBR were age matched to
control subjects and still showed a slightly decreased
Na +, K+-ATPase activity, indicating thereby that reduced
Na +, K+-ATPase activity in EHT and NTBR may be an
inherent defect associated with hypertension. We observed
a significant decrease (60%) in Na +, K+-ATPase activity
of platelets from normotensive controls following their

Figure 1. Effect of plasma from EHT patients on platelct
Na+, K+-ATPase activity. Platelets from NT control subjects
were incubated with control, EHT and NTBR plasma for 45 min
at 37~ Subsequently the platelet membranes were prepared
and Na§ K§
was assayed by measuring the inorganic
phosphorus released per min per mg protein. Values are
mean +_SEM. ~.np< 0-05 as compared to the control and NTBR
(by one-way analysis of variance).

Figure 2. Effect of plasma from EHT patients on platelet
Na+, K+-ATPase activity. Platelets from NT control subjects
were incubated with EHT plasma, heat-treated EHT plasma and
C-! 8 Sep-Pak extracted EHT plasma for 45 min at 37~ Piatelet
membranes were prepared and Na+, K+-ATPase activity was
assayed by measuring the inorganic phosphorus released/min/mg
protein. Values are mean _+SEM. ~.hp< 0.01 as compared to the
control and heated EHT plasma (by one-way analysis of variance).
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incubation with EHT plasma indicating marked Na +,
K+-ATPase inhibitory effect of EHT plasma. This inhibitory activity was heat sensitive and extractable by
C18-Sep-Pak, indicating its non polar nature. The presence
or circulating inhibitors of Na +, K+-ATPase has been
reported in several forms of hypertension, including EHT,
by several workers. Incubation of leucocytes from normotensives with EHT plasma was found to inhibit their
sodium pump activity by Milner et al (1984). An
increased digitalis like/ouabain like immunoreactivity in
the plasma of hypertensive patients has been observed
by several groups, suggesting that the humoral Na +,
K+-ATPase inhibitor may be an endogenous ouabain or
its isomer. However, others have reported it to be a
peptide. It was observed that plasma from hypertensive
dog could inhibit Na +, K+-ATPase activity of dog VSMCs
and this effect could be abolished by boiling or proteolytic
treatment of dog plasma (Overbeck et al 1988). Masugi
et al (1988) have proposed that Na +, K§
inhibitor
in EHT plasma is a lipid and may be an unstable
peroxide. Thus, the chemical nature of Na +, K+-ATPase
inhibitor is still not clear, but there is increasing evidence
that EHT plasma contains humoral factor(s) which inhibit
Na +, K§
and may also play a role in the pathogenesis of essential hypertension.
The presence of Na +, K+-ATPase inhibitor has been
also reported in the plasma of normotensive first degree
blood relatives of hypertensive subjects. We too observed
an inhibition of normal platelet Na § K+-ATPase activity
on incubation with plasma from NTBR, though it was
not statistically significant. The Na § K+-ATPase activity

Figure 3. Effect of plasma from EHT patients and their NT
blood relatives on platelet 45Ca-uptake. Platelets from NT controls
were incubated with NT control plasma, EHT plasma and NT
blood relatives plasma for 45 rain at 37~ Subsequently platelets
were washed, 45Ca added and ,15Ca-uptake was studied at 5 rain
and 20 rain. Calcium-uptake was calculated as nmol/107 platelets.
Values are mean + SEM. r < 0-05 as compared to control and
NTBR at same time interval (by two-way analysis of variance).

of platelets from NTBR was also decreased. These
observations suggest that the presence of inhibitor is not
secondary to established hypertension and may be under
genetic influence.
The mean age of EHT group in the present study was
significantly different (< 20 years) as compared to both
NTBR and control group. An age dependent increase in
the plasma's inhibitory factor has been reported by
MacGrager et al (1981). However, The et al (1984)
found no correlation between age, sex and sodium pump
inhibition in hypertensive subjects or their blood relatives.
In the present study NTBR plama was also found to be
inhibitory (though to a lesser degree), as compared to
control plasma although the groups were age matched.
Thus, it appears that the presence of the inhibitor may
be genetically determined. However, its level may increase
with age, but further studies are needed to confirm this.
Since Na +, K+-ATPase inhibition could lead to an
increased intracellular Na § Blaustein (1977) proposed
that the circulating inhibitor of sodium pump would tend
to increase cytosolic calcium through Na+-Ca 2+ exchange.
Lindner et al (1987) observed increased intracellular
levels in platelets from normotensive controls incubated
with EHT plasma and proposed that humoral factor(s)
present in EHT plasma could affect calcium homeostasis.
In the present study, we have proposed that humoral
factor(s) inhibiting Na § K+-ATPase activity may also
affect transmembrane Ca 2+ influx and hence result in
increased cellular cytoplasmic calcium seen in EHT. To
study such a role of EHT plasma, we examined 45Cauptake by normal platelets incubated with EHT plasma.
An increased 4SCa-uptake was seen in platelets incubated

Figure 4. Effect of heat-treated plasma from EHT patients
and their NTBR on platelet 45Ca-uptake. Platelets from NT
controls were incubated with heat-treated control, EHT and
NTBR plasma for 45 rain at 37~ Thereafter platelets were
washed, 45Ca added and 4~Ca-uptake studied at 5 and 20 min.
Calcium uptake was calculated as nmol/107 platelets. Values
are mean + SEM.
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with EHT plasma or its C-18 Sep-Pak filtered extract
(which strongly inhibited platelet Na +, K+-ATPase). However, heat treated EHT plasma failed to induce either
any change in 45Ca-uptake by normal platelets or inhibit
platelet Na +, K+-ATPase activity. Thus, these results
suggest that a heat sensitive humorai factor with ouabain
like Na +, K+-ATPase inhibitory activity causes an increase
in transmembrane flux of calcium resulting in increased
[Ca2+]i. Ouabain, a potent Na + pump inhibitor, has been
shown to induce a pronounced rise in [Ca2+]i in VSMC
from SHR as compared to WKY rats by Zhu et al
(1994) who proposed that ouabain could activate Ca 2+
channels, leading to increased calcium influx and [Ca2+]i.
Thus, the increased calcium influx induced by EHT
plasma results in increased membrane permeability to
calcium either due to activation of calcium channels
(receptor/potential mediated) or due to an increased
Na+-Ca 2+ exchange or due to increased Ca2+-uptake into
subcellular particles resulting in an intracellular Ca 2+
sink. Zidek et al (1988) observed an increased Ca 2+
accumulation in subcellular particles alongwith increased
Ca2+-uptake by neutrophils in the presence of a circulating
factor isolated from hypertensive plasma. The factor had
a molecular weight of 1000-1500Da and possessed
vasopressor activity. Wright and McCumbee (1984) have
also reported an increased 45Ca-uptake in aortic tissue
when incubated with extracts derived from RBC of SHR.
These observations, alongwith our results support our
hypothesis that a humoral factor in EHT plasma affects
cytoplasmic Ca 2+ by increasing calcium influx. Our study
does not address the role of Na+-Ca2+ exchange, but
Zhu et al (1994) showed that increase in [Ca2+]i,

Figure 5. Effect of ouabain of platelet 45Ca-uptake. Platelets
from NT controls were incubated with 10 ILtM ouabain for 75
min at 37~ Subsequently 45Ca-uptake was studied in control
platelets and ouabain pre-incubated platelets. 45Ca-uptake was
carried out at time intervals of I, 5, 10, 20, 30 and 60min.
Calcium uptake was calculated as nmol/107 platelets. Values
are mean + SEM. *P < 0.05, **P < 0.01 as compared to control
value at similar time interval (by two-way analysis of variance).
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following Na § K+-ATPase inhibition by ouabain was
not due to altered Na+-Ca2+ exchange. In the present
study, in vitro incubation of platelets with ouabain, in
the absence of extracellular calcium, failed to elicit an
increase in [Ca2+]i response by normal platelets (when
stimulated with thrombin). However, there was a marked
increase in [Ca2+]i response in the presence of extracellular
calcium, indicating that Na +, K+-ATPase inhibition
induced increase in Ca 2+ may be mainly due to transmembranous Ca 2+ influx. This was further supported by
the observation that in vitro incubation of platelets with
ouabain resulted in marked increase in 45Ca-uptake by
these platelets.
The preincubation of control platelets with EHT plasma
was also observed to alter the control 45Ca-uptake kinetics
as compared to control or NTBR plasma or ouabain.
Thus, it appears that the factor in EHT plasma not only
increases Ca2+-uptake but somehow alters its uptake
kinetics which is similar to those seen in platelets from
EHT subjects. Since, these kinetics were not altered by
exogenous ouabain, the factor present in EHT plasma
may not be endogenous ouabain. An HPLC elution
profile of Sep-Pak extract of E H T plasma showed it to
be different from that of ouabain. Thus, the observed
differences in 45Ca-uptake kinetics between EHT plasma
and ouabain may be due to either structural dissimilarities
between the two and or to the fact that binding effect
of EHT plasma factor may have a lag period, but may
be long lasting as compared to ouabain.

Figure 6. Effect of ouabain on platelet [Ca2+]i response. Fura-2
loaded platelets were prepared. The samples were then
preincubated for 75min at 37~ with and without 101aM
ouabain. Subsequently platelet samples both with and without
ouabain, were stimulated with 0.5 laM ADP and the percent.q~ge
[Ca2+]i increase was observed on a spectrofluorometer. ( 1 ~ ) ,
incubation in the absence of 1 mM extracellular Ca2§ (lllllll),
incubation in the presence of 1 mM extracellular Ca2§ Values
are mean + SEM. **P < 0.01 (absence of extracellular Ca2§ vs
presence of extraeellular Ca2+); ~P<0.01 (controls vs ouabain
preincubated platelets). Data analysed by two way ANOVA.
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Duggan et al (1991) observed that ageing exerts a
strong influence over platelet [Ca2+]i in normotensives
and hypertensives. They reported that platelet [Ca2+]i
reaches a ceiling in older normotensives and hypertensives, possibly reflecting a threshold level for platelet
activation (Tsein et al 1982). Thus, factors associated
with ageing or hypertension in the elderly, may not
induce further increases in platelet intracellular Ca z+
concentration. It will be interesting to investigate the
age associated rise in platelet calcium uptake in response
to EHT plasma.
Plasma membrane Ca2+-ATPase (PMCA) plays an
important role in cellular calcium homeostasis and it has
been suggested that humoral factor in EHT plasma may
inhibit it resulting in decreased PMCA activity and
increased [Ca2+]i . Our study has not addressed this aspect.
However, Dean et al (1994) reported that decreased
PMCA activity in EHT could not be due to humoral
factors, but may be due to changes in enzyme activity
at the level of plasma membrane. We are presently
investigating this aspect.
In conclusion, our results suggest that a heat labile,
Na +, K+-ATPase inhibitor present in EHT plasma may
increase cellular calcium uptake and contribute to
increased intracellular calcium levels observed in essential
hypertension.
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