
BRITISH MEDICAL JOURNAL VOLUME 287

CLINICAL RESEARCH

Calcium antagonists in hypertension: relation to abnormal
sodium transport

A M HEAGERTY, R F BING, H THURSTON, J D SWALES

Abstract

Leucocyte sodium efflux rate constants and intracellular
electrolyte contents were estimated in 13 patients with
untreated essential hypertension. There was no correla-
tion between intracellular sodium or potassium content
or efflux rate constant and blood pressure. The patients
were then treated with oral nifedipine and blood pressure
controlled. Sodium efflux rate constants and electrolyte
contents were estimated one and three months after the
start of treatment. There was a significant fall in blood
pressure, but mean sodium efflux rate constant and intra-
cellular sodium content were unchanged. There was no
correlation between the fall in blood pressure, initial
sodium efflux, or intracellular sodium content.
These data do not support the hypothesis that the

sodium pump and intracellular sodium content have a
direct role in generating raised blood pressure, or that
treatment of hypertension with calcium antagonists
corrects a fundamental alteration of calcium-sodium
exchange across the cell membrane.

Introduction

There is increasing evidence that essential hypertension is
associated with abnormalities in sodium and potassium handling
by red and white cell membranes.' If such abnormalities reflect
similar changes in vascular smooth muscle they may provide
information about the cause of increased vascular tone. Thus
it has been suggested by several groups that increased intracellular
ionised calcium in smooth muscle is the final determinant of
vascular resistance.2 On the other hand, we have argued
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that abnormal sodium and potassium fluxes are simply markers of
abnormal membrane handling of calcium.4 It has been postu-
lated that increased intracellular sodium secondary to decreased
membrane sodium pumping (which may be shown in the leuco-
cyte) may influence a calcium-sodium exchange process that
participates in extrusion of calcium. By raising intracellular cal-
cium5 this may raise blood pressure. This has more than theoreti-
cal relevance as it has been argued that calcium antagonists
are a specific means of correcting this abnormality, and their use
has been argued on these grounds; the lack of a hypotensive
response in normotensive subjects had been used in favour of this
claim.6

If such a calcium-sodium exchange process is important in
controlling blood pressure and in the response to calcium antago-
nists it should be possible to demonstrate this. Accordingly, we
studied leucocyte sodium content and efflux in a group ofpatients
with essential hypertension before and during treatment with the
slow calcium channel blocker nifedipine.

Patients and methods

We studied 13 previously untreated patients with essential hyper-
tension, 12 of whom were men (mean age 51 (SEM 2 4) years).
None had evidence of cardiac or renal disease. The patients were
followed up for six weeks during which they received placebo before
beginning nifedipine. Blood pressure was measured lying and standing
with a Hawksley random zero sphygmomanometer, using Korotkoff
sounds I and V. The leucocyte sodium efflux rate constant, intra-
cellular electrolyte contents, and plasma renin activity were measured
before nifedipine was started and after one and three months' treat-
ment. Full blood counts and serum urea, electrolyte, and creatinine
concentrations were also measured before and after three months'
treatment. Treatment was started with nifedipine slow release 20 mg
by mouth twice daily and increased to a maximum of 60 mg by mouth
twice daily or until blood pressure was controlled.
Measurement of leucocyte sodium efflux rate constant-Venous blood

(60 ml) was drawn into heparinised tubes and transferred into
Plasmagel (Uniscience, Cambridge) for 30 minutes at 37°C to allow
most of the erythrocytes to sediment and leave the leucocytes in sus-
pension. The suspension was centrifuged at 37'C at 300 g for seven
minutes and the remaining erythrocytes removed by hypotonic lysis.
After resuspension of the cells in mixture 199 (Gibco) 5 UCi of 22Na
(Radiochemicals, Amersham) was added and the cells allowed to in-
cubate at 37°C for 30 minutes to reach a steady state. The leucocytes
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were then washed twice in unlabelled mixture 199, and samples were

taken at timed intervals in the presence and absence of ouabain (1
mmol) and cell pellets counted for 22Na content. The sodium efflux
rate constant was then calculated by using linear regression analysis to
give the slope of the rate of efflux.7

Measurement ofleucocyte intracellular sodium and potassium contents-
Leucocytes were obtained as above and after being resuspended in
mixture 199 were placed in a water bath at 37°C for 25 minutes. At the
end of this time the cells were centrifuged at 0° and 300 g for three
minutes and resuspended in 3 ml cold magnesium chloride (99
mmol). The cells were respun and then resuspended in 1 ml magne-
sium chloride. The suspension was transferred to a sealed pipette tip
and spun down at 2000 g for five minutes at 0°C. The supernatant was

removed and the inside of the pipette tip dried. The sealed end was

then removed and the pellet transferred to a small preweighed alu-
minium foil sack. The sack and contents were dried at 100°C for 12
hours and then reweighed before being placed in deionised water to
leach out the electrolytes from the ash. The electrolytes were then
estimated by flame photometry, the values being expressed as mmol/
kg dry weight cells.

Statistical analyses-Efflux rate constants and electrolyte contents
were compared by Student's paired t test. Regression analysis of blood
pressure and sodium efflux and intracellular sodium and potassium
contents was by the method of least squares. Results are expressed as

means (SEM).

Results

Nifedipine was well tolerated by the patients apart from causing
mild headache in two subjects, which improved spontaneously. At
four weeks 11 patients were still taking the starting dose of the drug
and two had had the dosage increased. At 12 weeks only five patients
were still taking 20 mg twice daily; one patient was taking 40 mg
twice daily, and seven had reached the maximum recommended dose of
60 mg twice daily. Blood pressure remained constant during the
placebo period but showed a sustained, pronounced fall throughout the
duration of the study (figure).
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Lying (open columns) and standing (hatched columns) blood
pressures before and during treatment with nifedipine in 13
patients with hypertension. Bars indicate SEM.

Sodium efflux rate constant-The mean total sodium efflux rate con-

stant was considerably below our previously published normal range4
and had not changed significantly after one or three months' treatment.
No change occurred in the components insensitive and sensitive to
ouabain (table I).

Intracellular electrolyte contents-Intracellular sodium and potas-

sium contents were unchanged at one and three months. The total
sodium efflux rate (obtained by multiplying leucocyte sodium by the
efflux rate constant) was consequently not affected at any stage

during nifedipine treatment despite falls in blood pressure (table II).
Correlation analysis-There was no correlation between the sodium

efflux rate constant or intracellular sodium content and baseline lying
and standing blood pressures, or between the fall in pressure and
efflux rate constant or intracellular sodium content (p 0 05).
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Plasma renin activity had risen significantly at one and three months
compared with baseline values (baseline value 2 2 (0 6) pmol angio-
tensin I/l/h (2-9 (0 77) ng/ml/h); value at one month 3 5 (0-8) pmol/l/h
(4 5 (1 1) ng/ml/h) (p < 0 02); value at three months 3-5 (0 8) pmol/l/h
(4 5 (1 1) ng/ml/h) (p < 005)).

Other variables-There were no significant differences from baseline
values in full blood counts or serum urea, sodium, potassium, or
creatinine concentrations at three months.

TABLE I-Mean (SEM) sodium efflux rate constant (/h) before and after one
and three months of treatment

Total Ouabain insensitive Ouabain sensitive

Baseline 1 95 (0 09) 0 72 (0 04) 1.23 (0 08)
1 month 1 99 (0 11) 0-71 (0 06) 1 28 (0-09)
3 months 1 83 (0 08) 0 64 (0 05) 1 18 (0 09)

TABLE iI-Mean (SEM) intracellular sodium and potassium contents and rate of
sodium efflux before and after one and three months of treatment

Sodium Potassium Mean rate of sodium
(mmol/kg dry (mmol/kg dry efflux (mmol/kg dry
weight of cells) weight of cells) weight of cells/h)

Baseline 43 (2 7) 346 (8-4) 86 (8-1)
1 month 42 (3 3) 350 (7-6) 83 (6-6)
3 months 45 (2 7) 334 (12 6) 81 (654)

Conversion: SI to traditional units-Sodium and pocassium: 1 mmol/kg= 1
mEq/kg.

Discussion

The present study confirms the reduction in sodium efflux
previously reported in leucocytes of patients with hyper-
tension.4 In addition, however, we found that leucocyte sodium
content and efflux remain constant during reduction of blood
pressure with the calcium antagonist nifedipine. Furthermore,
the fall in blood pressure produced by nifedipine is independent
of the initial abnormality in sodium efflux. Nifedipine acts by
specific blockade of slow calcium channels in a wide range of
tissues, thereby reducing free intracellular calcium,8 and was
chosen for this study in preference to verapamil, which also has
alpha adrenoceptor blocking properties.9 Specific vascular
sensitivity to the calcium antagonist verapamil in patients with
essential hypertension suggests that vascular smooth muscle
handling of calcium is abnormal.'0 Probably, therefore, the
hypotensive response to calcium antagonists is mediated by a
reduction in calcium in vascular smooth muscle.
There are two possible links between abnormalities of calcium

handling and sodium transport. Increased intracellular calcium
might be a consequence of inhibition of a postulated calcium-
sodium exchange process in vascular smooth muscle5 11;
alternatively, alterations in intracellular calcium might influence
membrane stability and permeability to sodium.sa The present
observations are not consistent with either of these explanations
but indicate that the abnormality in sodium transport remains
unchanged despite changes produced by calcium blockade
sufficient to have a profound effect on blood pressure. Taken in
conjunction with the wide variety of electrolyte transport
systems now recognised to be abnormal in hypertension, and the
presence of similar abnormalities in normotensive relatives of
patients with hypertension,"3 these data suggest that these
changes in sodium transport may be dissociated from blood
pressure, although they may act as markers for the underlying
disturbance that causes hypertension. If the undoubtedly
abnormal leucocyte sodium pump demonstrated in our patients
is an innocent bystander in the cellular changes underlying
hypertension, this would explain our present findings.

We thank Mrs Linda Petra, industrial nurse at Wadkin Ltd, whose
hypertension clinic provided most of the patients used in this study,
and Bayer Ltd for sponsoring this project.
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Changes in gastric mucosa after vagotomy and
gastrojejunostomy for duodenal ulcer

P C H WATT, J M SLOAN, T L KENNEDY

Abstract

Gastric mucosa was studied histologically in 141 patients.
Eighty two had undergone vagotomy and gastro-
jejunostomy between 15 and 25 years previously for
duodenal ulcer, and 59 control patients had a long
history (minimum 15 years) of duodenal ulcer treated
medically. No carcinoma was found in either group. Two
patients with severe dysplasia and 13 patients with
moderate dysplasia were found in the study group,
compared with none in the control group (p <0 01).
Intestinal metaplasia was seen in 44 (53%) of the study
group and 16 (27%) of the control group (p <0 01).
Atrophy and gastritis were more severe (p <0 01 for
atrophy; p=0 05 for gastritis) in the study group.

Gastric mucosal changes were more severe after
surgical treatment for duodenal ulcer than after medical
treatment, and possibly a high incidence of gastric
carcinoma may occur 25 years after vagotomy and
gastrojejunostomy.

Introduction

The poor prognosis associated with cancer of the stomach
diagnosed at a late stage has led to a search for high risk groups
of patients with the idea that screening by endoscopy and
biopsy might lead to a higher yield of early gastric cancers.
Patients with lesions thought to be premalignant could then
be followed up with greater care. One such high risk group
consists of patients many years after surgery for benign peptic
ulcer. Several endoscopic studies have disclosed a high incidence
of premalignant and malignant changes in the stomach many
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years after operation.'-3 These data are difficult to interpret if
no comparison is made with the incidence of the same histological
changes in patients of similar age and geographic location who
have not had surgery. As gastric ulcer itself may occasionally
lead to gastric cancer4 it is not clear whether the changes
occurring in the stomach after operation are the result of the
operation or of the underlying ulcer disease. One study reported
a lower incidence of gastric cancer in patients after gastrectomy
at least in the early years and suggested that this may have
been due to the antral resection, which reduces the area of
gastric mucosa at risk and therefore reduces the incidence of
malignant change.5 This suggests that non-resection operations
such as vagotomy and drainage should also be considered.

In this study the only operation that we investigated was
vagotomy and gastrojejunostomy, which had been done for
duodenal ulcer in all cases. We compared the mucosal findings
in this group with the mucosal findings in a control group of
patients with duodenal ulcer who had received only medical
treatiment.

Patients and methods

The study group consisted of 82 patients (64 men, 18 women), all
of whom had undergone vagotomy and gastrojejunostomy between
1957 and 1967 in the Royal Victoria Hospital, Belfast. The mean age
was 60 (SD 10 1) years and the mean time since surgery 21 (3 9) years.
The patients' hospital notes were examined and present addresses
obtained from their current general practitioners. Patients were
contacted and interviewed, a symptom questionnaire was filled out,
and each patient was offered endoscopy. Patients were excluded if
they had been born before 1900, if they had had any subsequent
gastric surgery, if they were taking any drug known by us to affect
the gastric mucosa, or if at the time of endoscopy they had any
raised or ulcerated mucosal lesion in the stomach, jejunum, or
duodenum. Seven biopsy specimens were obtained from each patient.
Five were taken from the peristomal area, up to 4 cm from the stoma
rather than from the exact edge. Two were taken from the body of
the stomach.

The control group consisted of 59 patients (46 men, 13 women)
whose mean age was 61 (9-7) years. All had a long history of duodenal
ulcer treated only by medical means and diagnosed at some stage by
barium meal examination (47), past endoscopy (seven), or duodenal
scanning on current endoscopy (five). The exact duration of the
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