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SUMMARY. It has been suggested that lead may be a cause of multiple sclerosis, but confirma¬
tion of this hypothesis is difficult to obtain as lead is so widely present both in the environment
and in many human tissues.

In this study 22 patients with multiple sclerosis were compared with 22 controls. Lead
levels in the blood of the patients were not higher and urinary lead levels in the patients before
and after a single dose of penicillamine did not provide evidence to support the hypothesis
that lead may cause the disease.

Introduction
The suggestion that lead could cause multiple sclerosis (MS) has been considered for years.
Its originator was Putnam (1887a, b) who discovered lead in the urine of a small number of
patients with the disease, all ofwhom had been exposed to lead in the course of their occupation.
His suggestion that lead might be the cause of multiple sclerosis lay fallow for almost half a

century until Cone, Russell, and Harwood (1934) demonstrated the presence of lead in cerebro¬
spinal fluid, urine, and faeces of six patients. This prompted them to revive Putnam's hypothesis.
Other workers, however, were able to detect lead in the cerebrospinal fluid of only a small
proportion of the patients they examined and this raised doubts as to the significance of the
results of Cone et al. (Rabinovitch, Dingwall, and Mackay, 1933; Boshes, 1935). Boshes (1935)
went so far as to conclude emphatically that the evidence was completely against the view that
lead caused multiple sclerosis.

Since then more sensitive methods of chemical analysis have shown that lead is a ubiquitous
constituent ofhuman tissues and tissue fluids, even in primitives in so-called unpolluted environ¬
ments, and so these early findings are of significance only in so far as they remind us ofthe errors
inherent in analytical methods. None has significance in the consideration of the cause of
multiple sclerosis.

There have been three more recent studies of lead metabolism in these patients. Only
that of Campbell et al. (1950) has found it to be abnormal. The patients in their survey had
significantly higher tissue lead levels than normal controls, as judged by lead analysis of teeth.
Conversely, the patients examined by Butler (1952) and by Westerman, Bruetman, and Pfitzer
(1974) had normal lead levels.

Lead has been shown to induce demyelination in some primates (Sauer, Zook, and Garner,
1970) and even though there is a considerable species variation among the primates (Hopkins,
1970, Clasan et al., 1974) it was felt, nevertheless, that a further study in patients with established
multiple sclerosis would be of value.

Lead metabolism
Lead is ubiquitous in our environment and is absorbed from food and drink, and from the air.
About 90 per cent of the lead which is absorbed (by whatever route) is bound to the red cell
and is in dynamic equilibrium with plasma lead. Excretion takes place predominantly through
the kidney. Most of the lead which is present in the faeces is unabsorbed metal which has been
ingested, the remainder having been excreted in bile.

By no means all the lead which is absorbed is excreted and of that which is retained, 70
per cent or more is stored in the skeleton. With time, the lead concentration in the skeletal
tissues increases, the rate of increase being a function of the degree of absorption, and thus,
indirectly, of exposure.
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Normal lead metabolism may be represented in the following schematic way:

Absorption -> Blood and .> Renal
soft tissues excretion

I
Skeletal
tissues

From this diagram it can be seen that the concentration of lead in the soft tissues may be increased
when absorption is greater than normal, or when renal excretion is less than normal. The two
processes are not mutually exclusive, but each will cause the blood lead concentration in the
blood to rise as well as the amount of lead stored in the skeletal tissues. Damage to the nervous

system may follow if the soft-tissue levels are sufficiently raised by either process.
A study of lead metabolism in patients with multiple sclerosis should thus include the

following elements:

(1) An assessment of soft-tissue lead levels (blood lead),
(2) A measurement of the rate of excretion (urinary lead),
(3) An estimation of the degree of previous exposure (skeletal lead).

Methods

This study was planned and undertaken in collaboration with the Birmingham Research Unit
of the Royal College of General Practitioners. Members of the Midland Faculty of the College
were invited to notify cases, identify controls, and carry out the procedures upon which the
study depended. The Midland Faculty of the College is coterminous with the Midland region,
parts of which have a legacy of environmental contamination dating from the industrial revo¬
lution. Though they may exist, no unequivocal instances of clustering of cases of multiple
sclerosis have been recognised.

Twenty-two patients, 16 females and six males, with established multiple sclerosis were
identified by members of the Midland Faculty of the Royal College of General Practitioners.
The diagnosis had been confirmed in all cases by a neurologist.

A 24-hour urine sample was collected and a venous blood sample was taken during the
day on which the urine was saved. Analysis of the lead content of these samples provided
the first of our three elements. Skeletal lead concentrations may be assessed directly from the
measurement of the levels in bone or tooth.

Since we could not reasonably expect patients to submit to either a bone biopsy or the
extraction of a tooth, we had to rely on an indirect assessment. This is best done by measuring
the incremental increase in the excretion of lead in the urine after a single dose of penicillamine.
The amount of lead which is excreted chelated to the penicillamine is a function of body stores,
and hence of past exposure. The technique has been widely used and its reliability is established
(Beattie, 1974). Because of the generally accepted lack of side-effects from the administration
of penicillamine in the proposed order of dosage it was not thought that an ethical problem
would arise.

A single oral dose of 250 mg of penicillamine was given after the collection of the first
24-hour urine sample, and a second 24-hour sample was collected. Aliquots of both were sent
for analysis.

Blood and urine lead concentrations were also determined in controls, matched for age
and sex, but since some doctors thought it unethical to give penicillamine to controls, it was
decided that it should be given to none. Post-penicillamine studies were therefore limited to
cases only.

The lead analyses were all performed by a standard method using atomic absorption spec-
trometry.

In order to assess the degree of exposure to lead, all those in the study completed a question¬
naire, giving details of place of residence, age of house, occupation, and hobbies.
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TABLE 1
Blood lead concentrations ((xg/100ml) in cases of multiple sclerosis and controls

TABLE 2
Urine lead concentrations ((ig/litre) in cases of multiple sclerosis and controls

TABLE 3
Urine lead concentration (jxg/litre) in cases of multiple sclerosis after penicillamine

Results
The mean blood and urine lead concentrations for cases and controls are shown in tables 1 and
2. The mean differences between cases and controls are small and not of statistical significance
in any instance. The total in each group is 21, not 22. This is because one of the female cases
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had previously worked with lead and so she, and her control, were eliminated from the study.
Her results are, however, interesting and are described below. None of the other people in the
study had been exposed to lead to an unusual degree.

Discussion
None of the patients we studied had abnormal soft tissue levels of lead and none had impaired
renal excretion. Nor did any patient show an abnormal incremental increase in urinary excretion
after the administration of penicillamine.

We are thus able to exclude the possibility that abnormal tissue lead levels are related to
multiple sclerosis in the patients whom we studied. We can also say that none had a prolonged
abnormal exposure to lead in the past.

What we cannot exclude is the possibility that a short exposure to an abnormally large
amount of lead during some critical stage in the development of the nervous system might
interfere with myelin synthesis or aid colonisation of the central nervous system by a slow virus.
Either or both of these events might in turn start a series of irreversible changes which, in time,
produce the symptoms of multiple sclerosis. For example, a child might ingest a large amount
of lead once or twice only and this may constitute its critical exposure for the development of
multiple sclerosis. Assuming that its exposure to lead were otherwise unremarkable, then in
adult life its bone stores could be well within the normal range; that is, the signal would be lost
in the noise.

In some areas an unusually high prevalence of multiple sclerosis has been found to be
associated with unusually high levels of lead and other heavy metals in vegetables, soil, rocks,
and ground water (Warren, Delavault, and Cross, 1967; Warren, 1974). The aetiological
significance of this association, however, is not clear, and although a plausible case can be made
out for assigning the high incidence of the disease to the effects of the large amounts of lead,
either acting singly or synergistically with other trace elements, an equally compelling argument
can be advanced for other elements, for example, molybdenum (Layton and Sutherland, 1975).
In addition, there is the possibility that these findings are instances of the many types of spurious
association which bedevil epidemiological work. It would be interesting to repeat our study in
an area with high prevalence rates of multiple sclerosis and high geological lead levels.

The mobility ofskeletal lead
One of the female patients in the study had worked with lead for two years (1971-73) and so she
and her control were excluded from the study. At the time her blood and urine lead analyses
were performed, she had not been in contact with lead for two years. Nevertheless, her blood
lead concentration was 50 Ag/100ml and her urinary lead concentration was 112 ,ug/litre, rising
to 184 pg/litre after penicillamine.

These are much higher values than were found in either the female cases or controls, so
presumably this patient was freely mobilising the lead which was stored in the bone during the
period of her occupational exposure, which post-dated the first appearance of her symptoms
of multiple sclerosis. Now until comparatively recently it was part of orthodox dogma that lead
in the bone was held in a relatively stable state and was thus toxicologically inert. Some recent
evidence suggests, however, that lead in bone is much more labile than was formerly believed,
and that lead from the bone may contribute significantly to the total blood lead concentration
(Manton, 1973). Our chance observations support this view.
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MYOCARDIAL INFARCTION: A COMPARISON BETWEEN HOME
AND HOSPITAL CARE FOR PATIENTS

To compare the results of home and hospital treatment in men aged under 70 years who
had suffered acute myocardial infarction within 48 hours, 1,895 patients were considered
for study in four centres in South-west England. Four hundred and fifty patients were
randomly allocated to receive care either at home by their family doctor or in hospital,
initially in an intensive care unit. The randomised treatment groups were similar in age,
history of cardiovascular disease, and incidence ofhypotension when first examined. They
were followed up for up to a year after onset. The mortality rate at 28 days was 12 per cent
for the random home group and 14 per cent for the random hospital group; the corres-
ponding figures at 330 days were 20 per cent and 27 per cent. On average, older patients
and those without initial hypotension fared rather better under home care. The patients
who underwent randomisation were similar to those whose place of care was not ran-
domised, except that the non-randomised group contained a higher proportion of ini-
tially hypotensive patients whose prognosis was poor wherever treated.

These results confirm and extend our preliminary findings. Home care is a proper
form of treatment for many patients with acute myocardial infarction, particularly those
over 60 years and those with an uncomplicated attack seen by general practitioners.
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RISING RATES OF CONGENITAL DISLOCATION OF THE HIP

Increased rates of congenital dislocation of the hip have been reported from Norway
and the United States of America and we do not think that simultaneously observed
increases in rates of congenital dislocation of the hip in three countries can be due to
chance. This change might be due to environmental factors such as the introduction
of a new drug or increased consumption of an existing drug. The rapidly rising standard
of living in those countries where increased rates of congenital dislocation of the hip
have been reported may also be significant since congenital dislocation of the hip is
more frequent in higher income groups.
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