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PAPERS AND SHORT REPORTS

Leucocyte cation transport in essential hypertension:
its relation to the renin-angiotensin system

R P S EDMONDSON, G A MACGREGOR

Abstract

Leucocyte cation transport measured when patients
received a normal sodium intake and the response of the
renin-angiotensin system to changes in sodium intake
were studied in 22 patients with essential hypertension.
The rate constant for total leucocyte sodium efflux
measured during a normal diet was significantly corre-
lated with the plasma renin activity measured during a
low sodium diet. Impairment of leucocyte sodium
transport was significantly greater in eight patients whose
plasma renin activity failed to rise into the normal
range during the low sodium diet as compared with the
14 other patients, whose renin system responded norm-
ally to sodium restriction.
These results provide further suggestive evidence for

the hypothesis that there is a circulating sodium trans-
port inhibitor that may be important in the patho-
genesis of essential hypertension.

Introduction

There is increasing evidence of a disturbance of intracellular
electrolyte composition and sodium transport in essential
hypertension. This was first described by Tobian and Binion
in 1955,1 who found an increase in the sodium content of renal
arteries. Abnormalities in red cells were first reported in 1960 by
Losse et al2 and subsequently confirmed by others.3-7 A mean
increase in intracellular sodium content and a reduction in the
rate constant for active sodium efflux were first reported in
leucocytes by Edmondson et a18 in 1975. Recently Poston et al
showed that the plasma of hypertensive patients contains a
sodium transport inhibitor that may be the cause of the impair-
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ment of sodium efflux in the white cells.9 This finding supports
the hypothesis that the development of essential hypertension
is due to a sodium transport inhibitor with natriuretic properties
that is continuously correcting an underlying tendency of the
kidney to retain sodium.'0
Many reports have shown that about 30-50% of patients with

essential hypertension have a suppressed renin-angiotensin
system that does not repond normally to sodium restriction."
Laragh et al suggested that in these patients with low renin
activity the blood volume was effectively expanded owing to a
greater tendency of the kidneys to retain sodium and water
compared with patients with normal renin activity,l2 though
measurements of blood volume and extracellular water are
within normal limits."3 If this suggestion is correct then,
according to the hypothesis mentioned above, the abnormality
in sodium transport should be greatest in those patients who have
low-renin hypertension. We, therefore, studied the relation
between leucocyte cation transport and the activity of the renin-
angiotensin system in patients with essential hypertension.

Patients and methods

We investigated 22 unselected patients with essential hypertension
who had had no previous treatment. Patients whose diastolic pressure
when sitting was greater than 95 mm Hg over two months were
included. Patients who had an underlying cause for their high blood
pressure were excluded as well as those with accelerated hypertension.
renal failure, or previous cerebrovascular or cardiovascular disease or
who were taking oral contraceptives or any other drugs. The diastolic
pressure ranged from 95 to 135 mm Hg with a mean of 108 mm Hg.
The patients, all caucasian, comprised 11 men and 11 women, whose
mean age was 46 years. Leucocytes were obtained from whole blood
and the rate constant for sodium efflux measurement by methods
previously described.'4 Plasma renin activity", and plasma angiotensin
II16 and aldosterone'7 were measured by radioimmunoassay. The
correlation coefficients were estimated by the method of least squares.
All mean values are given ± SEM.
Measurements were made of 24-hour urinary sodium excretion,

blood pressure, plasma renin activity, and plasma angiotensin II and
aldosterone when the patients were taking a normal diet, on the fifth
day of a high sodium diet (normal diet plus 200 mmol (mEq) sodium
(Slow Sodium, CIBA)), and on the fifth day of a low sodium diet
(10 mmol/day). Similar measurements were made in 40 normotensive
control subjects with similar age and sex distributions. The leucocyte
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studies in the hypertensive patients were performed only when they
were taking their normal diet; these studies were not done in the
normotensive controls.

Results

Plasma renin activity after sodium restriction in eight of the
hypertensive patients failed to rise into the normal range, which had
been established in the 40 normotensive controls. These eight patients
were designated as the low-renin group. Plasma renin activity in the
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FIG 1-Rate constants per hour for total leucocyte sodium
efflux measured during normal sodium diet in eight low-
renin and 14 normal-renin patients. Bars indicate means ±
SEM.
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FIG 2-Relation between plasma renin activity measured on
fifth day of 10 mmol sodium diet and rate constant for total
leucocyte sodium efflux per hour measured during normal
diet in 22 hypertensive patients.

Conversion: SI to traditional units-Plasma renin activity:
1 mmol/l/h 1-3 ng/ml/h.

remaining 14 patients rose normally after sodium restriction. These
were designated as the normal-renin group. Mean urinary sodium
excretion on the fifth day of the low sodium diet in the eight low-
renin patients was 19X6±3-0 mmol/day, which was not significantly
different from that in the 14 normal-renin patients with (13-1±2-6
mmol/day; p < 0 2). Weight loss by the fifth day of the low sodium
diet was 1 3±0 3 kg in the low-renin patients and 1-4±0-2 kg in the
normal-renin patients (p < 0-6, not significant).

In all 22 hypertensive patients the mean rate constant for total
leucocyte sodium efflux was 3-13 ±0 2 h and the mean rate constant for
glycoside-sensitive (active) sodium efflux 2-38 ±0-13/h. The mean
rate constant for total leucocyte sodium efflux in the eight low-renin

patients was 2-74+0-12/h, which was significantly lower than that in
the 14 normal-renin patients (3 35 +0-15/h; p < 0 02) (fig 1). The rate
constant for total leucocyte sodium efflux (measured while the patients
were receiving a normal sodium diet) was compared with the plasma
renin activity and angiotensin II and aldosterone concentrations
measured during the normal, high, and low sodium diets. During the
low sodium diet plasma renin activity and concentrations of angio-
tensin II and aldosterone correlated significantly with the rate constant
for total leucocyte sodium efflux (r= 0-60, p < 0 01, n= 22 (fig 2); r =
0-66, p<0 05, n=11; and r=0-66, p<0001, n=15 respectively).
These plasma concentrations of angiotensin II and aldosterone during
the low sodium diet also correlated significantly with the rate constant
for active glycoside-sensitive leucocyte sodium efflux; the correlation
with plasma renin activity just failed to reach conventional levels of
significance. There was no significant correlation between the rate
constant for total leucocyte sodium efflux or glycoside-sensitive
sodium efflux and plasma renin activity or concentrations of angioten-
sin II and aldosterone when measured during the normal and high
sodium diets. The greatest impairment of leucocyte sodium efflux was
therefore in those patients who had the lowest plasma renin activity
during sodium restriction.

Discussion

These patients showed a similar impairment of leucocyte
cation transport to that described previously.8 9 The severity of
this defect while the patients were receiving a normal sodium
diet was significantly related to the plasma renin activity and
concentrations of angiotensin II and aldosterone when they were
receiving a low sodium diet. The results show that the defect in
leucocyte transport in essential hypertension is greatest in those
patients with a renin-angiotensin system that does not respond
normally to sodium restriction.
The hypothesis that there may be a circulating sodium trans-

port inhibitor in essential hypertension is based on a suggestion
by Dahl' 8 to account for the results of experiments on parabiotic
rats. This was subsequently modified by Haddy and Overbeck"
to explain the rise in blood pressure that occurs with demon-
strable volume expansion. De Wardener and MacGregor'0
recently extended the hypothesis to essential hypertension. They
suggested that in patients with established essential hyper-
tension or who are going to develop essential hypertension the
blood contains a sodium transport inhibitor with natriuretic
properties secreted in response to a 'tendency of the kidneys
of such patients to retain sodium and water. This rise in the
plasma concentration of the sodium transport inhibitor is the
reason that extracellular fluid volume measurements in essential
hypertension are within normal limits. The sodium transport
inhibitor also inhibits sodium transport in other cells. In the
arteriole this leads to an increase in tone and the subsequent
development of hypertension by the mechanism outlined by
Blaustein.20
The hypothesis, therefore, proposes that patients with

essential hypertension are in a state of continuously correcting a
tendency for extracellular volume expansion. Those patients
whose kidneys have the greatest tendency for sodium retention
and for extracellular fluid volume expansion and, therefore, a
less pronounced rise in renin activity with sodium restriction
should have the highest level of the circulating sodium transport
inhibitor and thus the greatest impairment in leucocyte sodium
transport. Our results, showing that the impairment of leucocyte
sodium transport is greatest in hypertensive patients with a
subnormal response of the renin-angiotensin system to sodium
restriction, support the hypothesis.

References

Tobian L, Binion JT. Tissue cations and water in arterial hypertension.
Circulation 1952;5:754-8.

2 Losse H, Wehmeyer H, Wessels F. The water and electrolyte content of
erythrocytes in arterial hypertension. Klin Wochenschr 1960 ;38 :393-5.

3 Gessler Von U. Intra und extrazellulare Elektrolytveranderungen bei
essentieller Hypertonie vor und nach Behandlung. Zeitschrift fur
Kreislaufforschung 1962 ;51 :177-83.



BRITISH MEDICAL JOURNAL VOLUME 282 18 APRIL 1981 1269

4 Wessels VF, Junge-Hulsing G, Losse H. Untersuchungen zur Natriumper-
meabilitat der Erythrozyten bei Hypertonikern und Normotonikern mit
familiarer Hochdruckbelastung. Zeitschrift fur Kreislaufforschung 1967;
56:374-80.

Postnov YV, Orlov SN, Shevchenkoa A, Adler AM. Altered sodium
permeability, calcium binding and Na-K-ATPase activity in the red
blood cell membrane in essential hypertension. Pfluegers Arch 1977;
371 :263-9.

6 Garay RP, Meyer P. A new test showing abnormal net Na+ and K+ fluxes
in erythrocytes of essential hypertensive patients. Lancet 1979 ;i :349-53.

Henningsen NC, Mattsson S, Nosslin B, Nelson D, Ohlsson 0. Abnormal
whole body and cellular (erythrocytes) turnover of 2'Na+ in normoten-
sive relatives of probands with essential hypertension. ClGn Sci 1979;57:
321-4s.

Edmondson RPS, Thomas RD, Hilton PJ, Patrick J, Jones NF. Abnormal
leucocyte composition and sodium transport in essential hypertension.
Lancet 1975 ;i: 1003-5.

9 Poston L, Sewell RB, Wilkinson SP, et al. Evidence for a circulating
sodium transport inhibitor in essential hypertension. Br Med J' 1981;
282:847-9.

'0de Wardener HE, MacGregor GA. Further observations on Dahl's
hypothesis that a saluretic substance may be responsible for a
sustained rise in arterial pressure. Its possible role in essential hyper-
tension. Kidnet Int 1980;18:1-9.

Dunn MJ, Tannen RL. Low renin hypertension. Kidney Int 1974;5:317-
25.

12 Laragh JH, Letcher RL, Pickering TG. Renin profiling for diagnosis and
treatment of hypertension.J7AMA 1979 ;241 :151-6.

13 Schalekamp MA, Beevers DG, Kolsters G, Lebel M, Fraser R, Birken-
hager WH. Body-fluid volume in low renin hypertension. Lancet 1974;
ii :310-1.

14 Hilton PJ. Sodium and potassium flux rates in normal leucocytes in an
artificial extracellular fluid. Clin Sci 1973;44:439-45.

15 Roulston JE, MacGregor GA. Measurement of plasma renin activity by
radioimmunoassay after prolonged cold storage. Clin Chim Acta 1979;
88 :45-8.

16 Dusterdieck G, McElwee G. Estimation of angiotensin II concentration in
human plasma by radioimmunoassay. Some applications to physiological
and clinical states. Euro7Clin Invest 1971 ;2:32-8.

17 Jones JC, Carter GD, MacGregor GA. Interference by polar metabolites
in a direct radioimmunoassay for plasma aldosterone. Ann Clin Biochem
1981 ;18 :54-9.

18 Dahl LK, Knudsen KD, Iwai J. Humoral transmission of hypertension:
evidence from parabiosis. Circ Res 1969;24, suppl: 21-33.

19 Haddy FJ, Overbeck HW. The role of humoral agents in volume expanded
hypertension. Life Sci 1976;19:935-48.

20 Blaustein MP. Sodium ions, calcium ions, blood pressure regulation, and
hypertension: a reassessment and a hypothesis. Am . Physiol 1977;
232(3) :C165-73.

(Accepted 12 February 1981)

Is your enema really necessary?

MONA L ROMNEY, H GORDON

Abstract

Two hundred and seventy-four women admitted for
delivery of singleton infants were studied for the effects
ofa preparatory enema on faecal contamination, duration
of labour, and the incidence of infection in the newborn.
Altogether 149 of the women were given an enema
(controls) and 125 were not.
The two groups showed no significant difference in the

degree of faecal contamination during the first and
second stages of labour, and the incidences of gross
contamination were similar. Contamination after an
enema was especially difficult to control, since it was
more likely to be fluid. Seven neonates in each group
showed evidence of infection, bowel organisms being
isolated from four in the no-enema group and two in
the control group. Durations of labour, though not
strictly comparable, were similar in the two groups.
The findings suggest that when preparing for normal

labour the enema should be reserved for women who
have not had their bowels open in the past 24 hours and
have an obviously loaded rectum on initial pelvic
examination.

Introduction

In a recent study' we looked at the value of shaving the pubic
area of women admitted to the delivery suite in labour. Having
established that shaving was not beneficial to the patient, we
decided to examine other midwifery procedures.
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It has long been established practice in many midwifery units
to administer an enema to all patients in labour. This is claimed
to have three major benefits. An empty bowel facilitates the
descent of the presenting part, reduces faecal contamination,
and reflexly stimulates uterine activity. We have tried to
establish the truth of these claims.

Pre-existing attitudes

MEDICAL STAFF

With only two exceptions, the medical staff of the unit of all grades
(senior house officer to consultant) thought that the lack of an enema
could delay the descent of the presenting part, complicate labour,
and lead to unacceptable faecal contamination, especially in the
second stage.

MIDWIVES

The midwives were also united in their attitude. Most objected
strongly to managing patients in labour unless an enema had been
given and the bowel emptied. They thought that without an emena
labour would be prolonged and the incidence of instrumental delivery
increased. They foresaw faecal contamination of the baby and
thought that offensive odour would embarrass both staff and patients.

PATIENTS

One hundred and twenty antenatal patients were interviewed.
Thirty-six were primigravid, had never had an enema, and were
unable to comment. They were, however, willing to accept whatever
professional advice they were given. The remaining 84 parous
patients were divided in their opinions. Forty-two considered the
procedure degrading and uncomfortable but accepted it as the price
of a "clean delivery." The others thought that they should be offered
some choice, and several mentioned suppositories as an acceptable
alternative.


