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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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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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Introduction

There is some evidence that, in adults, sensitivity to drugs may
vary with age and sex (Bender, 1964; Hurwitz, 1969). An
increased incidence of adverse drug reactions has been reported
in older age groups, the frequency in those aged 70-79 years
being seven times greater than that found in those aged 20-29
years (Hurwitz, 1969). The finding of Kato et al. (1964) that
hepatic drug metabolizing enzyme activity was decreased in
aged rats suggests that impaired metabolism may be a factor
contributing to the high incidence of adverse drug reactions in
the elderly. Similarly, it is possible that the reported higher
frequency of adverse drug reactions in women may be due to
slower metabolism. Certainly, a sex difference in the rate of
drug metabolism in rats is well documented (Conney, 1967).
In order to investigate these possibilities the rates of antipyrine
and phenylbutazone metabolism were used to assess drug
metabolizing capacity in an inpatient geriatric population. A
large group of male and female controls provided data on a
possible sex difference in antipyrine metabolism.
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FIG. 1-Individual plasma antipyrine half-life values in control and geriatric
subjects.
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Patients and Methods

Measurement of antipyrine and phenylbutazone half-lives was
made in elderly patients of both sexes within the age range
70-100 (mean 77 6) years and compared with control values in
healthy volunteers in the age group 20-50 (mean 26 0) years.
Eighty subjects (19 elderly, 61 controls) and 37 subjects (19
elderly, 18 controls) were used in the antipyrine and phenyl-
butazone studies respectively. The geriatric patients were all
ambulant but suffered varying degrees of debility due mainly
to cerebrovascular disease. Only those patients whose serum
alkaline phosphatase, plasma proteins, bilirubin, haemoglobin,
and blood urea were within normal limits were included in the
study. With all subjects consent was obtained for the investi-
gative procedures used. Both control and elderly subjects, so
far as could be ascertained, had not received any drugs in the
previous two months. The control male and female subgroups
(34 males, age range 17-52 (mean 27 4) years; 27 females, age
range 16-49 (mean 25 3) years) were selected, so far as possible,
from similar working environmental backgrounds.

Methods

Antipyrine was given orally in a dose of 18 mg/kg, the aqueous
antipyrine solution (100 mg/ml) being diluted with an equal
volume of orange juice. Venous blood samples were taken into
lithium heparin at approximately 2, 5, 8, and 11 hours there-
after, with the precise sampling time being noted. Plasma
antipyrine levels were measured in duplicate by the method of
Brodie et al. (1949).

Phenylbutazone (Butazolidin) in a dose of 6 mg/kg was
administered orally in tablet form, the dose given being ad-
justed to the nearest 25 mg. Four venous blood samples were
taken off at intervals of about 24 hours. Plasma phenylbutazone
was measured spectrophotometrically as described by Burns
et al. (1953).

Standard antipyrine and phenylbutazone samples made with
pooled plasma were included with each batch of assays. Except
where otherwise stated, statistical significance was determined
by the Wilcoxon Rank Sum test (Snedecor and Cochran, 1968).

Results

Figs. 1 and 2 show plasma half-life values for antipyrine and
phenylbutazone respectively. The mean plasma antipyrine
half-life for 19 geriatric subjects (4 male, 15 female) was
17-4 ± 6-8 hours compared with a mean value of 12-0 + 3-5
hours for the 61 controls (34 male, 27 female). The difference
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FIG. 2-Individual plasma phenylbutazone half-life values
in control and geriatric subjects.

between the groups was significant (P <0-01). The mean
plasma phenylbutazone half-life was 104-6 ± 49-7 hours in
the aged group (6 male, 13 female) and 81-2 ± 19-4 hours in the
younger group (11 male, 7 female). With this drug, though the
mean half-life in the older group seemed longer, the difference
between the two groups was not significant.

Fig. 3 A and B shows composite regression lines of the fall in
plasma antipyrine and phenylbutazone in the two groups.
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FIG. 3-Composite regression lines of fall in plasma concentration of
(A) antipyrine in control and geriatric subjects, (B) phenylbutazone in
control and geriatric subjects, and (C) antipyrine in male and female subjects.

Extrapolation of the lines to zero time would indicate a small
difference in apparent volume of distribution of antipyrine, but
statistical analysis of the individual intercepts showed this not
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to be significant (P> 0 05, Student's t test). With phenyl-
butazone, however, there was a significant difference (P <0 01,
t test) in the apparent volume of distribution in the two groups,
the mean value in the elderly subjects being 21% greater.

In the younger subjects (Fig. 4) the plasma antipyrine half-life
values in males (mean 13-4 - 3-7 hours) were significantly
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FIG. 4-Individual plasma antipyrine half-life values in younger male and
female subjects.

higher at the P <0 001 level (t test) than in females (10-3 ± 2-1
hours). From the composite regression lines (Fig. 3 C) the
apparent volume of distribution of antipyrine was found to be
significantly lower in the female group.

Discussion

Though the possibility has long been recognized of a reduced
ability to metabolize drugs in the elderly, no formal comparisons
of drug metabolizing capacity in the aged and young adults have
been made. In the present study the plasma half-life values
obtained with antipyrine (45% longer) and to a lesser extent
with phenylbutazone (29% longer) indicate a decreased rate of
drug metabolism in geriatric patients. This is in agreement with
the earlier finding of Kato et al. (1964) from animal studies.
The demonstration of a decreased rate of drug metabolism in
elderly patients may in part account for the higher incidence
of adverse drug reactions in older patients.
The pronounced difference in apparent volume of distribution

of phenylbutazone in the two groups is interesting (Fig. 3B). The
most likely explanation is a decreased absorption of the drug.
However, a decrease in protein binding or an increase in
extracellular fluid volume would also have to be considered.
The latter is unlikely because the apparent volume of distri-
bution of antipyrine (Fig. 3A), which is known to be evenly
distributed throughout total body water (Soberman et al., 1949),
indicates, if anything, a decrease in total body water in the
elderly.
Though the mean half-life values with both drugs would

suggest slower metabolism in the elderly, it is perhaps more
important to note that within the elderly population (Figs. 1
and 2) there are a few individuals with apparently normal liver
function whose ability to metabolize is well outside the normal
range. It is conceivable that these would be the subjects most
likely to develop drug side effects.
From the antipyrine results in the younger group there is

apparently a sex difference in the rate of metabolism of this drug
(Fig. 4). The small number of subjects in which phenylbutazone

was studied does not allow assessment of a possible sex difference
with this agent. To date, a significant sex difference in drug
metabolism has not been found, though the figures as reported
by Vesell and Page (1968a, 1968b) for antipyrine and for
phenylbutazone respectively would suggest a slightly lower
rate of metabolism in males. Whittaker and Price Evans (1970),
however, found no sex difference in the rate of phenylbutazone
metabolism in a large group of normal subjects. The observation
ofa sex difference in this but not in previous studies is interesting.
Since drug metabolism is known to be under genetic control
(Vesell and Page, 1969) and is influenced by drugs (Vesell and
Page, 1969, O'Malley et al., 1970) and environmental factors
(Fouts, 1971), it is possible that a sex difference will be observed
only where the population studied is relatively homogeneous.
The apparent volume of distribution of antipyrine (Fig. 3 C)

was lower in the female group, a finding in agreement with
Soberman et al. (1949). A change in volume of distribution of
such a freely diffusable drug would not be expected to account
for the observed change in rate of metabolism.
From these observations it is obvious that the sex of subjects

should be taken into account in studies of drug metabolism in
humans. In the present study of drug metabolism in geriatric
patients insufficient male subjects were obtained to allow a
comparison with a younger male group. With the females,
however, the antipyrine values in the elderly group (18-3 ± 7-1
hours, n = 15) were 78% higher than in the younger females
(10-3 ± 2-1 hours, n = 27)-that is, the slower rate of meta-
bolism is, in this case, more pronounced than when the whole
elderly population was compared with the younger group.

Since, from these results, men would seem to be slower
metabolizers of drugs than women, it might be expected that
men would be more sensitive to drugs. In fact Hurwitz (1969)
reported a higher incidence of adverse drug reactions in women
No breakdown was given, however, of reactions due to drugs
which are metabolized as distinct from those with drugs which
are excreted unchanged.
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technical help of Mrs. W. Alexander and Mr. I. Cowie and the
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