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EFFECT OF BAL ON Pb METABOLISM AND SYMPTOMS OF Pb POISONING
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F1G. 5.—Chart of attack of lead encephalopathy following two
injections of BAL.

the blood lead concentration was rapidly falling,
there arose violent abdominal pain, hypertension,
anuria for 16 hours, and an attack of acute
encephalopathy (confusion state and severe psycho-
motor disturbance) lasting two to three days (Fig. 5).
In other cases the treatment was tolerated without
any adverse effect.

Treatment with BAL in the same dosage when the
colic had already disappeared for some days brought
about in a few cases a recurrence of abdominal
pain, hypertension, and oliguria. Reduction of the
dose of BAL to 3 mg. per kg. or less per day
prevented such recurrences. Such treatment in
cases of lead intoxication in which the lead colic
had disappeared for more than two weeks did not
provoke any reappearance of symptoms. In some
patients there was a strong impression of an
improvement of the general condition, and especially
of the appetite, body weight, and anaemia, in con-
trast to the picture presented by untreated patients.

The amount of urinary coproporphyrin during
BAL treatment roughly followed the urinary lead.
Thus a series of BAL injections brought about a
marked reduction in urinary porphyrin after an
initial rise.

Discussion

The numerous determinations of lead in blood
and urine which have been carried out in our
cases of lead poisoning and the marked changes in
the distribution of lead in the organism which have
been brought about by injections of BAL and which
sometimes were followed by aggravation of symp-
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toms, seem to justify certain views on the aetiology
and pathogenesis of some of the symptoms of lead
poisoning.

There is no doubt that BAL exercises a rapid and
intense action on the metabolism of lead. Our
observations indicate that BAL combines rapidly
with part of the lead contained in the red cells,
forming a compound which can be stored in certain
tissues and which is only in part eliminated via the
kidneys, not at all, or only insignificantly, with the
bile, and only slightly in the gastric juice. It is
probable that this compound is not excreted at all
through the digestive tract; indeed, Eagle (1948)
could not detect any increase of lead in faeces after
injection of BAL. After the cessation of BAL
action lead returns from the tissues to the blood,
thus re-establishing a situation almost identical with
that prior to the injection.

With a series of injections of BAL for several days
the displacement of lead from the blood into the
tissues occurs more intensely and lasts longer,
because there is no opportunity to return to pre-
injection levels between one injection and the next.
In some sense, therefore, BAL produces a cumu-
lative effect. Harmful effects attributable to BAL
are usually encountered after several days of
administration of quantities greater than 300 mg.
per day, but only exceptionally after one or two
injections. It has been maintained that only lead
circulating in the blood is harmful (Schmidt and
Weyrauch, 1933) whereas that deposited in the
organs or in the tissues has no effect. This state-
ment, however, is not borne out by the fact that the
blood lead concentration bears no consistent
relation to the appearance or severity of clinical
signs and symptoms. It has therefore been sug-
gested (Blumberg and Scott, 1935 ; Smith, Rathmell,
and Marcil, 1938 ; Wexler and Sobel, 1935) that
the clinical symptoms of lead poisoning are more
directly related to the lead in the serum or plasma
than to that in the whole blood. Our experiments
and those of Lauer (1948) have shown that following
the injection of BAL no change is found in plasma
or serum lead, even when the BAL is re-evoking or
aggravating a case of lead colic.

In several of our cases it was observed most
clearly that the symptoms of colic appeared, or were
aggravated, after the injection of BAL at a time
when the quantity of lead in the blood was in fact
diminishing. This suggests that it is not lead in the
circulating red cells, or that dissolved in the plasma,
which is harmful, but rather the lead which has
rapidly shifted from the blood to the tissues, or even
from one tissue to another, and that it accumulates
in a short time and to an excessive degree in some
organ or tissue which is particularly sensitive to its
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toxicological action. In our case of acute encephalo-
pathy brought about by BAL, about 8 mg. of lead
were transferred in four hours from the blood to the
tissues, whilst additional lead migrated from one
tissue to another (Ginsburg and Weatherall, 1948).
It is possible that this notable transfer of lead may
have caused its accumulation in the central nervaus
system, hence the appearance of encephalopathy.
Indeed the largest oscillations of blood lead con-
centrations obtained by us following the injection
of BAL were observed in this patient. The aggrava-
tion or the re-appearance of colic appears to be due
to the migration of lead caused by BAL into elements
of the nervous system, the stimulation of which
provokes intestinal spasm and the other mani-
festations of colic. It may be that the intestine is
not the tissue involved, for Eagle (1948) did not
see any increase in the elimination of faecal lead
after the injection of BAL, and we were not able to
show any increase of secretion of lead across the
gastric mucosa. Our observations tend to support
the hypothesis that colic is caused by the alterations
in the autonomic system.

Failure to demonstrate the excretion of lead in the
bile after injections of BAL is a natural consequence
of the transference of lead from the liver to other
tissues as observed by Ginsburg and Weatherall
(1948) ; similarly the fall in urinary coproporphyrin
can be related to the diminution of lead in the bone
marrow, also observed by Ginsburg and Weather-
all (1948), and to the general view that copro-
porphyrins are formed as a result of a modification
in the process of haemoglobin synthesis.

There has been much discussion on the usefulness
of the process of de-leading. According to Aub,
Fairhall, Minot, and Reznikoff (1926) de-leading
means the mobilization of lead from the bones with
an increase in its elimination. Kehoe and Thamann
(1929) advise against any method resulting in rapid
liberation of lead from the tissue deposits because
such rapid elimination may be followed by the
deposition of lead in the central nervous system.
The danger of BAL treatment in lead poisoning has
been attributed, indeed, to its powerful de-leading
effect.

The principal effect of BAL does not consist in a
de-leading effect, as ordinarily defined, but in a
translocation of lead from the blood and certain
organs to other organs. This is borne out by the
observed fact that the effect of BAL is to bring
about the fall of lead in the blood rather than an
increase ; the latter could logically have been ex-
pected if BAL simply mobilized the lead from the
deposits in bone.

Further, the investigations of Ginsburg and
Weatherall (1948) have shown that the effect of
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BAL is to bring about a transference of lead from
the liver, the blood, and the spleen to the skeleton.

Having regard to the great changes in the distribu-
tion of lead in the organism brought about by BAL,
its effect upon the elimination of lead is relatively
small. As a result of this shift in the lead, it accumu-
lates in other organs, including the nervous system,
in which it may, or could, produce damaging
effects. The favourable effect of inducing a large
elimination of urinary lead is thereby overcome by
the unfavourable effect of an excessive translocation
of lead within the organism.

If it were possible to find a remedy which would
bring about only de-leading without any excessive
shift in the tissue distribution of lead, it would
probably constitute the best possible treatment of
lead poisoning.

The final impression is that treatment with BAL
is dangerous, and especially so in patients suffering
from colic or other manifestations of acute lead
poisoning ; in such cases the medicament should be
used with great precaution and in small doses.

Further, we are of opinion that treatment with
BAL continued for several consecutive days with
two or more injections per day is less effective in
eliminating lead and perhaps more dangerous than
intermittent treatment, consisting of short cycles of
one or two days separated one from the other by
two or three days without BAL. The rationale of
this scheme of treatment is not to lower the content
of lead in the blood, but rather to eliminate as
much lead as possible in the urine without at the
same time too greatly altering the distribution of
lead in the blood and in the tissues.

The fact that in certain cases BAL has caused
toxic effects does not mean that it should be com-
pletely abandoned as a treatment for lead poisoning ;
a final judgment is not yet possible until trials are
carried out using BAL in small doses and for short
periods in chronic lead intoxication.

Summary

Twenty-seven patients suffering from industrial
lead intoxication were treated with injections of
BAL. Fourteen of these were in a state of colic
on their admission to hospital ; the others had
overcome the colic a few days or a few weeks earlier.
The metabolism of lead was studied after a single
injection of BAL in doses of 1 to 4 mg. per kg.,
and in the course of treatment lasting for several
days with daily doses of 1 to 7 mg. per kg.

Following the injection of BAL a rapid fall in the
blood lead level occurred which reached minimal
values eight to 10 hours after the injection, and
there was a great increase in urinary lead which
reached its maximum one to two hours after the
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injection. Where a series of injections was given
the blood lead level fell and urinary lead increased
for the first few days ; but in the following days the
effect of BAL became progressively less. After
cessation of the administration of BAL the blood
and urinary lead both tended to return to the
initial values. A single injection of BAL has no
evident effect on lead in the bile, but appears to
bring about a diminution of lead eliminated in the
gastric juice.

BAL has shown itself to be a rather dangerous
medicament in lead poisoning ; its administration
during lead colic may aggravate the abdominal
symptoms and make them re-appear, even after
they had disappeared for several days. In one
case of colic two injections of BAL separated by a
seven-hour interval brought about an attack of
acute encephalopathy. If, after the cessation of
symptoms of colic for a week, BAL is administered
in doses not greater than 4 mg. per kg. per day, it is
usually well tolerated and may perhaps accelerate
the process of cure.

The principal pharmacological effect of BAL
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consists in a transposition of lead within the
organism, from the blood and certain tissues
towards other tissues, among which the nervous
tissue must be considered. The value of the de-
leading effect of BAL is relatively small when the
unfavourable effects due to disturbance in the
internal distribution of lead are considered.
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