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CLINICAL RESEARCH

Measurement of digitalis-like compound in plasma:
application in studies of essential hypertension

MARIE-AUDE DEVYNCK, MARIE-GABRIELLE PERNOLLET, JOSEPH B ROSENFELD,
PHILIPPE MEYER

Abstract

A digitalis-like compound was detected in human plasma
by tritiated ouabain competition binding to the sodium
pump. The study comprised analyses of plasma extracts
from 17 normal controls, 17 normotensive subjects with
one or both parents hypertensive, and 16 patients with
untreated essential hypertension.
In two thirds of the untreated hypertensive and several

of the normotensive subjects with a family history of
hypertension the potency of the digitalis-like compound,
as measured by its interference with ouabain binding,
was significantly greater than in the controls. In the un-
treated hypertensive patients the potency of the com-
pound was significantly correlated with the urinary
sodium output.
Measurement of this salt-related, digitalis-like com-

pound may be useful in clinical studies of hypertension.

Introduction

Gradients in concentrations of monovalent sodium (Na4-) and
potassium (K+) between intracellular and extracellular fluids
stem essentially from the activity of the sodium pump. This
transport system plays an important part in regulating several
cell functions, including control of cell volume, excitability,
and nutrition. The sodium pump may be altered in certain
pathological conditions, such as obesity' and essential hyper-
tension2-4 and in various haematological disorders.5 6 Dys-
function of the pump may originate from either intrinsic cell
membrane alterations or the action of circulating factor(s) or
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both. Endogenous pump inhibitors have been described in
biological fluids7-'0 and in tissues such as brain"1'-3 and kid-
ney.'04 These factors appear to be increased by sodium
loading and volume expansion both in animals and in man.10-"7
Several clinical and experimental investigations suggest that
the reduction in sodium pump activity in primary hypertension
may be secondary to an increased activity of such an inhibitor.' "I
The resulting increase in intracellular Na+ may be of pathogenic
significance.
The Na+-K+ pump is inhibited by digitalis compounds,"

and specific binding sites for tritiated ouabain (3H-ouabain) have
been detected on cell membranes.20 A substance capable of
inhibiting the Na+ pump might thus interact with the same
sites. We have investigated the existence of such an inhibitor
in normotensive and hypertensive subjects.

Materials and methods

PREPARATION OF PLASMA EXTRACT

Venous blood was collected into ice chilled tubes containing heparin
and centrifuged for five minutes at a maximum of 3000 g. Red cells
and buffy coat were discarded and the plasma boiled immediately in
a water bath for 15 minutes. In contrast to other methods2"22 we did
not acidify the plasma before boiling and thus avoided pH induced
changes such as modifications of affinities for carriers, complexing of
cationic substances, or dissociation of protein subunits. The protein
network was dislocated into small fragments and centrifuged at
50 000 g for 15 minutes. A clear supernatant was obtained and
either processed immediately or stored at - 80'C for later analysis.

3H-OUABAIN BINDING TO ERYTHROCYTES

3H-Ouabain (17 or 32 Ci/mmol) was obtained from Amersham (UK)
in a mixture of benzene and ethanol (9/1). The organic solvents were
evaporated under nitrogen and the residue taken up in a 10 mM, pH
7 4 trometamol-(TRIS)-HCl buffer. 3H-Ouabain binding was studied
only on erythrocytes from normotensive subjects who did not have a
family history of hypertension, thus avoiding possible membrane
changes associated with hypertension.

Erythrocytes were separated by centrifugation (3000 g for five
minutes) and washed five times at 4°C in the following medium:
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NaCl 130 mmol(mEq)/l, sucrose 20 mmol/I (685 mg/100 ml), glucose
10 mmol/l (180 mg/100 ml), and trometamol 10 mmol/l (121 mg/100
ml) buffered with HCI to a pH of 7 4. Cells (packed cell volume
ranging from 0-01 to 0 03) were incubated at 37°C for five hours in
concentrations of 1H-ouabain ranging from 2 x 10 9to 25 x 10 -8 mol/l
(0-2 to 1 5 jig/100 ml). Parallel incubations were performed with the
addition of an excess of unlabelled ouabain (10-4 mol/l; 5-8 jig/100 ml)
to measure the non-saturable binding. Specific binding was taken as
the difference between 3H-ouabain bound in the absence and presence
of unlabelled ouabain. Bound and free radioactivity were separated
by filtration through Whatman GFC filters washed with ice cold
buffer. Radioactivity was counted in the presence of aci lified Instagel
after treatment with 1 ml Soluene 350 (Packard) and then with 0-5 ml
hydrogen peroxide (120 volume). Each binding study was performed
using five ouabain concentrations, and binding parameters were
calculated from linear regression of Scatchard plots. Under these
experimental conditions 3H-ouabain binding to erythrocytes reached
equilibrium within five hours and non-saturable binding accounted
for less than 20," of total binding. Specific binding was saturable,
and Scatchard analysis showed the presence of only one class of sites.
characterised by an apparent dissociation constant of 23 (SEM
0-8) x 10-9 mol/l) and a mean number of sites of396 (SEM 27) per cell
(n= 24). These values are close to those reported by other labora-
tories.21

Since plasma contains potassium ions known to inhibit ouabain
binding, preliminary experiments were performed to estimate the
variations of the affinity constant in the presence of potassium con-
centrations up to 1 mmol(mEq)/l. A significant change in affinity was
observed only with potassium concentrations higher than 0 25 mmolIl.
Since the physiological plasma potassium concentration ranges from
3-5 to 5 0 mmol/l plasma extracts were analysed at a dilution of 1/20.
At that dilution the final Kt concentrations in the incubation medium
(1 175 to 0 25 mmol/l) did not interfere with ouabain binding. Physio-
logical concentrations of divalent calcium ions (Ca++) were also ob-
served not to modify ouabain binding.
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FIG 2-Inhibition of ouabain binding to erythrocytes by
plasma extracts from hypertensive patients (group 3), and
normotensive subjects with (group 2) and without (group 1)
family history of hypertension. (KD Dissociation constant.)
Bars are means (SEM).

PATIENTS AND CONTROLS

Fifty white subjects were studied. Urinary sodium excretion was
measured by flame spectrophotometry on urine collected during the
night before blood sampling. Venous blood was sampled in the
morning and blood pressure recorded with a mercury manometer
in the sitting position. Subjects were divided into two groups of
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FIG 1-Ouabain binding to erythrocytes in absence (solid line, ( 0) and
presence (dotted lines) of plasma extracts from normotensive subject ( 0)
and two hypertensive patients (A 0). Equilibrium data as function of
ouabain concentration.

Insert: Scatchard plots of same data indicating decrease in apparent
affinity in presence of plasma.

Conversion: SI to traditional units-Ouabain: I nmolll - 58 4 ng/l00 ml.

normotensive subjects (groups 1 and 2) and one group of patients
with untreated essential hypertension (group 3).
Group I comprised 17 normotensive volunteers with no known

family history of hypertension. Eleven were men and six women,
and their age range was 22-39 years (mean 29-4 (SEM 1-3)). Subjects
were selected on the basis of (a) systolic and diastolic blood pressures
below 140 and 85 mm Hg, respectively, and (b) blood pressures in
relatives never exceeding 160/95 mm Hg. In addition, there was no
reported case of hypertension among second degree relatives. Average
blood pressure in the group was 121-0 (SEM 3 5)/791 (SEM 2-1)
mm Hg.
Group 2 comprised 17 normotensive volunteers with a family

history of hypertension. Of these, 10 were male and seven female,
and their age range was 12-50 years (mean 32 5 (SEM 2 5)). In every
subject at least one parent had high blood pressure. The average
blood pressure in the group was 12901 (SEM 5 5)/78R7 (SEM 109)
mm Hg.

Grouip 3 comprised 16 patients with essential hypertension diagnosed
after careful investigation including an intravenous pyelogram. Eleven
of the patients were men and five women, and their age range was
22-71 years (mean 46-3 (SEM 4 0)). None had taken antihypertensive
drugs for at least two weeks before blood sampling, and none had
plasma creatinine concentrations above 100 /1mol/1 (1 1 mg/100 ml) or
noticeable retinal disturbances-for example, haemorrhage of papil-
loedema. Changes in the electrocardiogram suggestive of left ventri-
cular hypertrophy were observed in 10 of the patients. In all patients
plasma Na+ and K+ concentrations were within the normal range,
with mean values of 139 2 (SEM 0-8) and 4-1 (SEM 0-1) mmol/l
respectively (extremes 136-143 and 3 6-4 6 mmol/1).

Statistical analysis was by unpaired Student's t test.

Results

Plasma extracts inhibited 3H-ouabain binding to erythrocytes (fig
1). This inhibition was due to a decrease in the apparent affinity of
ouabain for the Nat pump, with only minor changes in the binding
capacity. Such an inhibition is characteristic of a competitive inhibitor
The inhibitory effect of plasma extracts was expressed as the KD
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ratio-that is, the ratio of the apparent affinity constant measured in
the presence of the extract to this constant measured in its absence.
A high ratio thus indicated potent inhibition of ouabain binding.

NORMOTENSIVE VOLUNTEERS

The mean KD ratio in the two groups of normotensive subjects was
1 41 (SEM 0-10 (n=91). Twenty seven values ranged between 0 6
and 1-6, but in seven of the 34 subjects the ratio exceeded 1-7. All
seven subjects had a family history of hypertension (group 2).
When the two groups of normotensive subjects were considered

separately, group 1 (no family history of hypertension) showed a
mean KD ratio of 1 15 (SEM 0 07) (n= 16) and group 2 (positive
family history) a mean ratio of 1-71 (SEM 0 16) (n = 15). The difference
between these values was significant (p < 0 01) despite the wide scatter
in group 2 (fig 2).

PATIENTS WITH ESSENTIAL HYPERTENSION

Plasma extracts from the hypertensive patients inhibited competi-
tive 3H-ouabain binding. Six of the 16 patients tested showed slight
inhibitory effects, similar to those of the normotensive subjects with
no family history of hypertension, whereas the other 10 plasma
extracts were potent inhibitors (fig 2). The mean KD ratio in the
hypertensive patients was 1 83 (SEM 0 21) (n= 16). This value was
significantly different from that in the normotensive subjects (p < 0 02).

In the hypertensive patients the inhibition of ouabain binding was
independent of age and sex, whereas a slight relation existed with
systolic blood pressure (r = 0 44) and there was a significant correlation
with urinary sodium output (p < 0-01) (fig 3).
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FIG 3-Correlation of inhibition by plasma extracts of 3H-
ouabain binding to erythrocytes and urinary sodium output in
patients with essential hypertension. (KD= Dissociation constant.)

Conversion: SI to traditional units-Sodium: 1 mmol= 1 mEq.

Discussion

Several authors have proposed that endogenous inhibitors
of the sodium pump have both a physiological role as regulators
of sodium reabsorption during Na+ loading or volaemic ex-
pansion'5' and a pathogenic role in essential hypertension.16
Taken by itself the presence of specific binding sites for digitalis
compounds in the Na+ pump is an argument for the existence
of endogenous pump regulators sharing some structural charac-
teristics with the cardiac glycosides. Our study shows that some
plasmas indeed exert an inhibitory effect on ouabain binding.

This is compatible with suggestions of the existence of an
endogenous pump inhibitor. This inhibitory effect is not
mediated by vanadate or calcium ions, which are known endo-
genous inhibitors of the pump23 24 but do not prevent ouabain
binding.25 Potassium ions also cannot be incriminated. The
plasma inhibitor of ouabain binding is heat stable, as were
other endogenous inhibitors of the Na+ pump described.8 21
The point of clinical interest is the finding of an increased

inhibitory effect in many hypertensive patients and some normo-
tensive subjects with one or both parents hypertensive as
compared with normotensive controls. The significant inhibition
observed in the patients with essential hypertension agrees with
other reports of increased levels of inhibitors of Na+-K+-
adenosine triphosphatase (ATPase), the enzymatic expression
of the sodium pump.21 26
The plasma inhibitory effect on ouabain binding was slightly

more pronounced in patients with the highest blood pressures,
similar to the findings- in Na `-K+-ATPase inhibition studies.2'
A more significant correlation was observed with urinary
sodium output: the higher the sodium intake, the greater the
inhibition of ouabain binding. This observation, which agrees
with previous findings,'6 27 argues for a relation between the
sodium pump inhibitor and the regulation of sodium balance.
Our data support the hypothesis of MacGregor and col-

leagues,26 whereby an important pathological role in hyper-
tension was attributed to an endogenous sodium pump inhibitor.
The increase in intracellular sodium resulting from inhibition
of the pump could, in excitable cells exhibiting Ca + +-Na +

exchange, lead to enrichment of intracellular Ca++, which might
represent the basis of the haemodynamic changes of hyper-
tension. Our investigation, however, suggests that the increase
in circulating digitalis-like compound may not be as constant
as suggested by those authors. Hence multiple mechanisms may
be implicated. An increased level of pump inhibitor may thus
be of specific clinical interest, which justifies use of our method.

Finding increased inhibition of ouabain binding in some
normotensive offspring of hypertensive subjects agrees with
the reports of Ambrosioni et al28 and Heagerty et al,29 who
observed an increased intralymphocytic sodium concentration
and reduced ouabain sensitive sodium fluxes in subjects with
normal blood pressure and a family history of hypertension.
That finding is difficult to explain. The change may be secondary
to environmental influences and particularly to dietary habits
such as high sodium intake. But it may also be of genetic origin.
Whether or not a genetically related inhibition of the sodium
pump is a prerequisite for high blood pressure remains unclear
and merits further investigation. Here also the described metho-
dology may prove to be of help.
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"Reciprocal" depression of the ST segment in acute
myocardial infarction

KEVIN JENNINGS, DOUGLAS S REID, DESMOND G JULIAN

Abstract

In acute myocardial infarction depression of the ST
segment in leads distant from those showing ST elevation
has been considered to be "reciprocal" but might reflect
local ischaemia. To examine this possibility 103 consecu-
tive patients who underwent exercise testing early after
myocardial infarction were reviewed. Treadmill exercise
testing was performed a mean of 12 (range 5-30) days
after infarction using a limited Naughton protocol.
Thirty five (34%) of the patients had had reciprocal
change, defined as a 1 mm ST depression in leads remote
from the site of the infarct, within 48 hours of infarction.
Twenty two (63%) of the 35 patients developed exercise
induced ST depression in the leads previously showing
reciprocal change. Coronary artery disease was assessed
in 10 of these patients by arteriography and in four at
necropsy: all but one had stenosis of > 50% in a coronary
artery supplying the reciprocal territory in addition to
the disease in the vessel to the infarct site. Of patients
with reciprocal ST depression, 23.5% experienced non-
fatal reinfarction, pulmonary oedema after discharge, or
death compared with only 9 5% of patients without
reciprocal ST depression. Eight (23 5%) patients with
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reciprocal depression had ventricular fibrillation while
in hospital compared with only two (3%) patients without.
Reciprocal ST depression in acute myocardial infarc-

tion may reflect ischaemia in territory distant from the
site of infarction and is associated with a high risk of
fatal arrhythmias and late morbidity.

Introduction

In acute myocardial infarction typical electrocardiographic
elevation of the ST segment is often accompanied by depression
of the ST segment in leads remote from the infarct site. This
ST depression has long been regarded as an electrical pheno-
menon, the ST depression merely reflecting the ST elevation
on the opposite side of the heart, and has been termed "recipro-
cal".2 While there is no doubt that these reciprocal changes
can occur, this location of ST depression might in some cases
reflect ischaemia in the territory of the ST change either distant
from or adjacent to the infarct site.3-5 There are several reasons
why ST depression may not be reciprocal. Firstly, it is not
always present even when ST elevation is extreme: fig 1 shows
two electrocardiograms from different patients with acute
anterior infarction. In the first tracing (fig la) in addition to
13 mm ST elevation there is ST depression in leads II, III,
and aVF. In the second tracing, however, despite ST elevation
of 25 mm there is no accompanying ST depression in the
inferior leads. Secondly, when ST depression is present it
does not always have the same time course as the ST elevation.

This raises the possibility that in some cases the ST depres-
sion may not be reciprocal but may reflect myocardial ischaemia
on the opposite side of the heart. There are several mechanisms
that might contribute to this ischaemia. If a patient with a
myocardial infarction has multivessel disease" an acute coronary
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