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and dispensing the tablets. Dr. I. Sutherland and Mrs. C. Howland
gave helpful advice on the interpretation of the data.

References
Asberg, M., Cronholm, B., Sjoqvist, F., and Tuck, D. (1970). British

Medical Journal, 4, 18.
British Medical_Journal, 1971, 1, 3.
Cole, J. 0. (1964). Archives of General Psychiatry, 10, 246.
Curry, S. H., Davies, J. M., Janowsky, D. S., and Marshall, J. H. L. (1970).

Archives of General Psychiatry, 22, 209.
Diamond, L. S., and Marks, J. B. (1960). Journal of Nervous and Mental

Disease, 131, 247.
Engelhardt, D. M., and Freedman, N. (1970). In Social Psychiatry, ed.

A. Kiev, vol. 1. London, Routledge and Kegan Paul.
Engelhardt, D. M., et al. (1960). Journal of the American Medical Associa-

tion, 173, 146.
Engelhardt, D. M., et al. (1963). Journal of the American Medical Association,

186, 981
Engelhardt, D. M., Freedman, N., Rosen, B., Mann, D., and Margolis, R.

(1964). Archives of General Psychiatry, 11, 162.

Gibberd, F. B., Dunne, J. F., Handley, A. J., and Hazleman, B. L. (1970).
British Medical Journal, 1, 147.

Good, W. W., Sterling, M., and Holtzman, W. H. (1958). American Journal
of Psychiatry, 115, 443.

Gross, M. (1960). American3Journal of Psychiatry, 117, 444.
Kendell, R. E., et al. (1971). Archives of General Psychiatry. In press.
Luntz, G. R. W. N., and Austin, R. (1960). British Medical Journal, 1, 1679.
Parkes, C. M., Brown, G. W., and Monck, E. M. (1962). British Medical

Journal, 1, 972.
Pasamanick, B., et al. (1964). Journal of the American Medical Association,

187, 177.
Porter, A. M. W. (1969). British Medical,Journal, 1, 218.
Rathod, N., and Rees, L. (1958). Journal of Mental Science, 104, 705.
Shawver, J. R., Gorham, D. R., Leskin, L. W., Good, W. W., and Kabnick,

D. E. (1959). Diseases of the Nervous System, 20, 452.
Willcox, D. R. C., Gillan, R., and Hare, E. H. (1965). British Medical

J'ournal, 2, 790.
Wing, J. K. (1970). In Symposium on Psychiatric Epidemiology, ed. E. Hare

and J. K. Wing. London, Oxford University Press.
Wing, J. K., Birley, J. L. T., Cooper, J. E., Graham, P., and Isaacs, A. D.

(1967). British Journal of Psychiatry, 113, 499.

Slow Sodium: An Oral Slowly Released Sodium
Chloride Preparation
E. M. CLARKSON, J. R. CURTIS, R. J. JEWKES, B. E. JONES, V. A. LUCK,
H. E. de WARDENER, N. PHILLIPS

British Medical j7ournal, 1971, 3, 604-607

Summary

The use of a slowly released oral preparation of sodium
chloride is described. It was given to patients and athletes
to treat or prevent acute and chronic sodium chloride
deficiency. Gastrointestinal side effects were not encoun-
tered after the ingestion of up to 500 mEq in one day or
200 mEq in 10 minutes.

Introduction

Sodium depletion, with the fluid loss with which it is usually
accompanied, produces symptoms which are well described
(King and Barry, 1962; Leithead and Lind, 1964): headache,
thirst, anorexia and nausea, apathy, drowsiness, postural giddi-
ness, and muscle cramps. Eventually the blood pressure falls and
death may ensue from peripheral circulatory failure.

In temperate climates this picture is commonly seen only in
patients with uncompensated loss of gastrointestinal secretions,
in patients with renal damage subjected to dietary salt restriction,
or with over-enthusiastic use of diuretic drugs. Occasionally it
may appear in Addisonian crisis, in uncontrolled diabetes, or
with cerebral lesions. Treatment is usually by intravenous saline
infusion after the patient has been admitted to hospital. This,
however, does not give a true picture of the extent of the prob-
lem of sodium depletion throughout the world. For many people
in certain climatic conditions or in certain occupations, such as
coal miners and gold miners (King and Barry, 1962), seamen in
tropical waters (Stenning, 1945), or the armed Forces abroad,
the fight against incipient salt and water depletion may be con-
tinuous.
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In theory an increased salt and water intake should prevent
depletion. But though people regularly subjected to prodigious
sweat loss eventually achieve overall sodium and water balance,
they may still suffer from a steady state of sodium depletion or
the daily recurrence of a transient salt depletion syndrome. This
problem is particularly acute in individuals who are not acclima-
tized (Leithead, Leithead, and Lee, 1958). It is then easy to
acquire a pronounced initial salt and water deficit which may
take days to correct. During this time physical perfomance will
be much lowered. This was strikingly illustrated in the 1970
World Cup football competition in Mexico. Training for and
playing football in temperatures approaching 100°F (37.80C)
produced a noticeable weight reduction due to sweat loss, which
was not necessarily regained in spite of deliberate attention to
salt and water replacement. For this reason a few players of
some ofthe national teams in the competition were incapacitated
for several days.
There has been no effective way to administer large quantities

of sodium chloride orally (Leithead and Lind, 1964). Saline
solutions are unpalatable. Enteric-coated tablets are notorious
in that they are excreted unchanged in the faeces (Leithead et al.,
1958). Some years ago therefore we asked the Ciba pharma-
ceutical company to prepare slow release sodium chloride
tablets using the wax sponge formulation they had introduced
for their potassium supplement preparation Slow-K. We here
report the results of some of our experimental work with these
tablets and clinical experience over several years. This prepara-
tion, which has been named Slow Sodium (sodium chloride
600 mg, equivalent to 10 mEq Na+ and Cl-) was also used by
the English international football team in Mexico in 1970 where
it proved very successful in solving the problem of salt and
water depletion.

Balance Studies

Tests were first carried out in vitro to ensure that if the tablets
should pass through the gut unchangedtheywould be detected in
the faeces by our analytical technique. Tablets of Slow Sodium
were added to a sample of homogenized faeces. The faeces and
tablets were then homogenized for a further 20 to 30 minutes,
which is the time normally taken to homogenize a five-day faecal
collection. Sodium in the faeces both before and after the
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addition of the tablets was then estimated and the recovery of
sodium added in the form of tablets was calculated. Recovery of
the sodium chloride contained in the Slow Sodium tablets was
99%.
Two sodium balance studies were then carried out in the

metabolic ward according to the principles of Reifenstein,
Albright, and Wells (1946). The balances were performed on
one normal subject and one patient with chronic renal failure.
The subjects received the same diet throughout the balance.
They were studied during a control period of 5 to 13 days and
were then given sodium supplements in the form of Slow
Sodium for 4 to 40 days. Chromium sesquioxide was used as a
continuous faecal marker in both subjects. Details of the sub-
jects and the results of the balance studies are shown in the
Table. The results show that the sodium chloride content of the
Slow Sodium tablets is totally absorbed.

Balance Data before and during an Increase in Sodium Chloride Intake in the
Form of Slow Sodiun in a Patient with Chronic Renal Failure and a Normal
Individual

0

Detaisof accal Average u a 0ColcinPlasma Na co
Subject period (mEqJ1.) .

(Days) ______ __

mEq/day
Chronic 12-7 137-0 22-0 50-0 19 +20-1 - 29-9

renal
failure 3-7 137-0 78-0 76-9 2-0 +76-0 -0.9

5-0 - 20-0 16-5 0-5 +19-5 +3-0
Normal 14-3 - 120-0 106-6 1*4 +118-6 +12-0

9-2 120-0 110-2 1-5 +118-5 +8-3
i16-7 120 0 110 0 0-2 +119 8 +9-8

Rate of Absorption

In-vitro dissolution tests of Slow Sodium tablets show that the
release of sodium chloride is exponential, with about half being
released in the first hour (Fig. 1). Absorption was then studied
in vivo. The Slow Sodium tablets were rendered radioactive by
neutron bombardment in a nuclear reactor and were given to
volunteers at a time when the '4Na activity was about 5 tCi per
tablet. Absorption was followed by measurements of radio-

I'

5 - | NaCI solution

-L'44 Slow Sodium tablet

EX 2- I1
1- f

Hours after oral administration
nG. 1-Plasma radiosodium levels on two occasions in the
sme fating subject, after "NaCI solution and after a MNaCI
slow release tablet.

activity successive plasma samples and by the disappearance
of radioactivity from the abdomen with a surface counting
technique.
The results show that Slow Sodium tablets have a predictable

patten of absorption at rest and during exercis (Fig. 2). If
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taken without food most of the NaCl is absorbed over the first
two to three hours but absorption is not complete for six hours.
If taken with food the absorption pattern is similar but
subject to an initial delay of up to two hours.

-

.
-

.
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0

E
0

0 30 60 90 120 150 180
Minutes after ingestion of Slow Sodium

FIG. 2-Radiosodium absorption from '4NaCl slow release
tablet in two subjects. Plasma levels before, during, and
after strenuous exercise.

Slow Sodium in Patients with Chronic Renal Failure

A few patients with chronic renal failure have a spontaneous and
persistent high urinary excretion of sodium which may cause
severe sodium depletion, profound hypotension, and a rapid
deterioration in residual renal function. This syndrome is often
referred to as "salt-losing nephritis." In these patients rapid
correction of sodium and water depletion with sodium supple-
ments thereafter is essential to correct the acute deterioration in
renal function and preserve residual renal function. It is also
well known that patients with chronic renal failure in a stable
state may be precipitated into terminal uraemia by acute deple-
tion of sodium and water due to vomiting and/or diarrhoea.

It is less widely appreciated that a number of patients with
chronic renal failure have a less obvious insidious chronic
urinary sodium-losing tendency which may cause a progressive
deterioration of residual renal function. These patients have a
normal blood pressure. Indeed it is a useful approximation to
consider that any patient with severe chronic renal failure and a
normal blood pressure is probably suffering from sodium deple-
tion. These patients often have a progressive loss of weight and
therefore daily weighing is a most important guide to diagnosis
and treatment with a high salt intake.
In these various sodium chloride deficiency states of chronic

renal failure intravenous sodium chloride must be given if the
patient is vomiting. When the patient can take drugs orally,
however, Slow Sodium has proved to be extremely valuable.
Until the introduction of Slow Sodium it was usual to give
sodium chloride capsules or enteric-coated tablets. These pre-
parations, however, often proved unpalatable and if given in
large amounts commonly resulted in nausea, vomitng, and
abdominal pains. In contrast, it has been possible to give up to
200 mEq of sodium chloride as Slow Sodium by mouth in 10
minutes to patients without causing gastrointestinal side effects.

Slow Sodium in Patients on Main nce Haemodlalys
Slow Sodium has been found useful to correct the hypotension
which may occur during haemodialysis. Hypotension during
haemodialysis may occur if the rate of ultafiltration is too great.
Salt and water depletion then causes profound hypotension and
cramps which can be corrected by reducing the negative pressure
across the membrane, or by applying a positive pressure, or by
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the intravenous administration of 0-9% saline. We have found
that it is usually unnecessary to administer saline intravenously
for the same results can be obtained by giving Slow Sodium and
water orally. Lesser degrees of excessive ultrafiltration may
become apparent only at the end of dialysis when the patient is
found to have lost an excessive amount of weight and to have
pronounced postural hypotension. Again in this situation we
have found that the rapid administration of 10 to 20 Slow
Sodium tablets and a litre of water by mouth is effective.
Some patients on maintenance haemodialysis remain per-

sistently hypotensive both during and between dialyses. This is
a potentially dangerous situation which may precipitate shunt
clotting and will also result in poor blood flows during dialysis.
A few of these patients have a persisting urinary sodium leak
which it has been possible to correct by the regular administra-.
tion of Slow Sodium between dialyses. Usually in such patients,
however, it is still necessary to remove water by ultrafiltration
during each dialysis. This manceuvre may be vitiated by the
development of hypotension owing to the simultaneous removal
of sodium. In this situation the additional oral administration of
large amounts of Slow Sodium without water during haemo-
dialysis has corrected the hypotension and made it possible to
remove 2 to 3 kg of excess water (Fig. 3).

140i.PaPNa4 (mEq/1L)130 --- -- -- -- - -- --

5b
Weight (kg) Wegh

120
ArteriaIl 00
pressure
(mm Hg) 80.

70-
60-

Slow Sodium io

cumu7itie 50 2. 3 4 5 b 78 9 10 11 12 13 14Duration of dialysis (hr)

FIG. 3-Use of Slow Sodium during a 24-hour haemodiilysis with a dialysate
sodium concentration of 130 mEqf1. Hypotension corrected by the oral
administration of Slow Sodium during the removal of 3 kg of the patient's
weight by ultrafiltration.

Slow Sodium in Athletes

Slow Sodium tablets were used by the Egandi football team
durig th World Cup competition in Mexico in 1970. The team

trained and played in environmental temperatures apprahn
IOO0F (37-80C) with a hulmidity of 20-30% and were thus
exposed to two problems due to water and salt loss. Firstly, a
cumlatvesalt and water deficiency due to the increased
aonsof sweat production occurring daily with acclimatiza-

tion to the heat (Robinson, Turrell, Belding, and Horvath,
1944). Secondly, an acute salt and water deficiency occurred
duigtraining and playing from the considerable sweat loss

associated with hard physical work in the heat. Slow Sodium
tablets were used to overcome both of these problems. In the
year before the World Cup competition 1970 Slow Sodium
tablets had been given in increasing aonsto the players
before triigsessions and international matches. No detect-
able symtosor side effects were reported by any of the
players, and they were therefore prepared to take as many
tablets as might be considered necessary.
The maaeetof the Engand players in the heat of

Mexico was along the lines desrbdby Leithead and Lind
(1964). If only one measurement is used as an index of physio-
logical strain when working in the heat., then theoretically the

sweat loss, as estimated by the change in nude weight over a
known exposure, has much to commend it (Hatch, 1963). In
Mexico it was found that a 100-minute training session was
associated with a weight loss of up to 3-2 kg, and the aim was to
regain this weight loss by sodium and water replacement daily.
Players were advised to use liberal quantities of salt on their
food, to drink until their thirst was quenched, and then to drink
an additional 1,500 ml of fluid daily. In addition, the players
were given a daily maintenance dose of eight Slow Sodium
tablets (80 mEq) four tablets being taken morning and evening.

In order to minimize the extent of acute sodium chloride
deficiency which might occur during training or playing, an
anticipatory dose of Slow Sodium was given before each training
session or match. The timing of this dose was based on the data
which had been obtained about the rate of absorption of Slow
Sodium. Four Slow Sodium tablets (40 mEq) were given three
hours before all training sessions and matches. For one match,
in which it was considered possible that extra time might be
played, an additional four Slow Sodium tablets were given two
hours before the game. In addition, the players were formally
given 500 ml of a lemon-flavoured drink (Gatarade) containing
54 g of glucose and 21 mEq of sodium chloride per litre in the
two hours before training and playing, a further 400 ml at half-
time, and freely at the end of the game. This fluid was drunk at
a temperature of between 55 and 60'F (12.8 and 15-60C) to

miiie side effects (Leithead and Lind, 1964).
In spite of these measures some weight reduction from sweat

loss occurred during training sessions and matches. The aim
was that this loss of weight should be regained so that the daily
pre-breakfast weight should remain unchanged. If nevertheless
a fall in this pre-breakfast weight occurred the player's urine
was tested for chloride content by the method of Fantus (1936).
If the chloride content was found to be low additional Slow
Sodium tablets were given together with an increased intake of
fluids to correct the weight loss.

Results

In 26 of the 28 players it was found that the body weight was
maintained with supplements of 80-120 mEq of Slow Sodium
per days-that is, 8 to 12 tablets. One of the other two players,
however, lost 4-5 kg over three days in spite of these supple-
ments, his urinary chloride concentration falling to 3 g per litre.
He was then given an additional supplement of 280 mEq of
sodium chloride as Slow Sodium (28 tablets) for one day and an
additional 120 mEq (12 tablets) per day for the next two days.
His water intake was also increased. He regained his normal
weight in 60 hours. The other player was away from the main
party for four days, during which he ceased to take any Slow
Sodium and his intake of dietary salt was reduced. On his return
he had lost 5 kg in weight and his urine did not contain any
chloride. He was given an additional supplement of 280 mEq of
sodium chloride as Slow Sodium for the first day, and an addi-
tional 120 miEq per day for the next two days, together with an
increased intake of fluids. He regained his normal weight in 48
hours. Both these players took 200 of the 280 mEq of additional
Slow Sodium on the first day over a period of two hours without
any side effects. One of the players had a 100-minute tann
session two hours later during which he felt well.

Discussion

There is no doubt that this oral preparation of sodium chloride
is acceptable and well tolerated. Its acceptability is particularly
well illustrated by the way the English football team-consumed
large amounts in Mexidco. Like all athletes, professional foot-
ballers have very conservative views of what they should eat and
drink and are very suspicious of any tampering with their fixed
habits. A year before the World Cup competition the England
team had played a series of mthsin South America. A few
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players suffered acutely from "dehydration" after a game. The
impression gained from this experience was that the main dis-
ability was a cumulative sodium chloride depletion. Three
players suffered from severe giddiness, fatigue, nausea, and
vomiting for up to 48 hours and would not have been fit to play
again for several days. Attempts to use enteric-coated tablets of
sodium chloride were singularly unsuccessful, and the use of
compressed salt tablets had caused nausea and vomiting. By the
time the same players returned to Mexico they were aware of the
need for sodium chloride replacement. During the World Cup
competition they were prepared to take as many Slow Sodium
tablets as were considered necessary. One player took 200 mEq
of Slow Sodium two hours before an intensive training session.
In Mexico no player suffered from any clinical symptoms
suggestive of either acute or chronic salt and water depletion.
Cramp is a common symptom reported in subjects suffering

salt depletion. Collings, Shoudy, and Shaffer (1943) reported an
incidence of 60% in his series and King and Barry (1962)
indicate a higher incidence in gold miners. Despite their excep-
tional physical fitness, football players not infrequently become
temporarily incapacitated by muscle cramps, particularly near
the end of a match. The frequency and severity of the cramp is
clearly exacerbated by the physical exercise which fatigues the
muscles. Such players who have received Slow Sodium as salt
supplementation before matches claim that muscle discomfort
and cramps have been eliminated.

Slow Sodium is not only acceptable but it is also a convenient
way of giving sodium chloride. We have given up to 500 rnEq
per day and up to 200 mEq in 10 minutes without any gastro-
intestinal side effect except thirst if insufficient amounts of
water are consumed at the same time. It can therefore be used
to treat severe salt and water depletion in any individual who can
swallow. For this reason the consumption of intravenous saline
in the wards and in the maintenance haemodialysis unit of this
hospital has considerably diminished. The price of Slow
Sodium has not yet been determined but on the assumption that
it will be about the same as Slow-K (Ciba) 140 mEq of Slow
Sodium should cost about 2-5p. In contrast, 1 litre of intravenous
saline and a disposable administration set cost 50p. The oral
route of administration also avoids all the disadvantages of
intravenous therapy such as thrombophlebitis, local infections,
air embolism, etc. Economy is always welcome, but in some
parts of the world where intravenous preparations are difficult to
obtain the use of an acceptable oral sodium chloride preparation
should make it possible to treat many more patients who suffer
from acute sodium chloride depletion.

The use of an acceptable oral sodium chloride preparation
should also be of great value in some industrial workers. There
are certain industries, such as the South African gold mines, in
which the problem of adequate sodium chloride replacement
has never been satisfactorily answered. We have also been told
that sodium depletion is a great problem in the oil industry. Its
use in other athletes who perform strenuous activities over a
long period, such as tennis players and marathon runners, is
obvious. The principle advantage of Slow Sodium for the
healthy individual, apart from its freedom from side effects, is
that not only can it correct a loss of sodium chloride after the
loss has occurred but it can anticipate such a loss. Most of the
absorption from the gut of the sodium chloride contained in
Slow Sodium tablets is achieved at two and a half hours but
continues for some time thereafter. Therefore, if a supply of
Slow Sodium tablets is ingested at a suitable time before an
acute sweat loss is about to take place it is possible for the loss
to be at least partially replaced from the gut as it is occurring. In
most prolonged industrial and athletic activity it is usually
possible to have access to water from time to time. With a con-
tinuous absorption of sodium chloride from the Slow Sodium
tablets in the intestine and the intermittent oral ingestion of
water, the stultifying weariness and muscular weakness of extra-
cellular fluid volume depletion need never occur.

We wish to thank Drs. D. M. Burley and D. A. Richards and the
Ciba Laboratories for the supply of Slow Sodium; and Hill and
Knowton, Ltd. for the Gatarade. We are also grateful to the many
persons who helped in the study of the absorptive properties of
the preparation, particularly Mr. D. N. Sillince and the other
members of the Charing Cross Hospital Medical School football
team.
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Effect of Age and Sex on Human Drug Metabolism
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Summary

The capacity of inpatients in a geriatric hospital to met-
abolize drugs was measured. The mean plasma half-
life values with antipyrine and with phenylbutazone
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were found to be 45% and 29% greater respectively in
patients than in young controls. When women alone
were considered the half-life of antipyrine was 78%
longer in the elderly group. In a number of elderly
individuals the rate of metabolism of these two drugs
was found to be extremely slow. This decreased ability
to metabolize drugs may contribute to the known high
incidence of adverse drug reactions in the elderly.
Within the control group a significant sex difference in

the rate of antipyrine metabolism was found, the mean
half-life being 30% longer in the males. It is clear from
these results that the age and sex of subjects must be
taken into account in studies ofhuman drug metabolism.
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