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Today's Drugs
With the help of expert contributors we print in this section notes on drugs in common use

Chelating Agents in Medicine

By definition a chelating agent is an organic compound in
which two or more electron donor groups, themselves bound
by a chemical linkage, co-ordinate with a polyvalent metal,
the resultant co-ordination compound having a ring structure.
The word chelation is derived from the Greek "che!a," a
claw, so describing the way in which the metal is held in or-
ganic linkage.

The common donor atoms are nitrogen, oxygen, and sulphur. In
practice most chelating agents have one anionic group, from which the
metal can displace the hydrogen ion, and one co-ordination linkage, the
donor atom sharing a lone pair of electrons with the metal. Metal
chelates vary widely in stability depending on the strength of the chelating
agent and the chelate-forming ability of the metal.' Copper forms the
strongest chelates and, given in decreasing order of strength, is followed
by nickel, cobalt and zinc, cadmium, iron, manganese, and magnesium.
One or more molecules of the chelating agent may be involved in the
ring formation; thus copper is bound by two molecules of ethylene
diamine:

CH2 NH2 NH2 CH2

S++/
Cu

CH2 NH2 NH2 CH2

An example of a naturally occurring agent of considerable biological
importance is the porphyrin ring. With magnesium it forms chlorophyl
and with iron, similarly bound, it forms haem. The most stable chelate
rings are five-membered; as the number of members increases so the
stability of the ring decrease. An example of a five-membered ring is that
formed by BAL and tervalent arsenic, thus

C s

i/As R
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Some chelates arc so stable that the metal can no longer be detected
by the most sensitive chemical methods, and this is particularly true if
both ligands are co-ordinate linkages.

For a chelating agent to be of use in medicine it must, of
course, be non-toxic, be relatively specific for the metal to
be bound, be able to form a soluble chelate that will be ex-
creted via the urine or bile, and, preferably, be active when
given by mouth. Finally, when formed the chelate must be
stable and must be less toxic than the offending metal.
The first chelating agent to be used in clinical medicine

was 2,3 dimercaptopropanol (BAL), specifically designed by
Peters and his team in Oxford2 for treating arsenical war gas
poisoning. This was shortly followed by the sodium salt of
ethylene diamine tetra-acetic acid (EDTA), which was in-

troduced from industry3 for the treatment of a boy with lead
encephalopathy. In 1956 this was in turn followed by peni-
cillamine, dimethyl cysteine, when Walshe4 suggested that
this compound should be of value for the removal of copper
from patients with Wilson's disease. More recently three other
chelating agents have been used-diethylene trimine penta-
acetic acid (DTPA) and desferrioxamine for the chelation of
iron, and, most recently of all, triethylene tetramine as yet
another copper-binding agent. Two of these compounds,
DTPA and triethylene tetramine, are not at present available
for prescription, the former having failed to establish its
superiority to other available chelating agents, while the latter
has not been available long enough to have undergone critical
evaluation.

Dimercaprol

Dimercaprol; BAL; 2,3 dimercaptopropanol is available as a
5 "/,, solution in archis oil containing 10 ', / benzyl benzoate,
each 2 ml ampoule containing 100 mg dimercaprol; this
should be administered by deep intramuscular injection to-
gether with procaine.

CH2 SH

CH SH

CH2 OH

As already mentioned, BAL was specifically designcd as
an antidote to the arsenical war gas Lewisite, for which it
was happily never needed, but it was found to be of value in
exfoliative dermatitis in arsenical antisyphilitic therapy. It
has also been used for the control of toxicity developing
during organic antimony treatment, for the managemint of
reactions to gold therapy, and also for mercury intoxication.
Its principal clinical use has probably been for copper
chelation in the treatment of Wilson's disease,5 but here it
has now largely been superseded by penicillamine.4
BAL is best administered in short courses in doses of 100

mg; four times on the first day; twice on the second, third,
and fourth days; and once only on the fifth and sixth days.
It is recommended that BAL should not be used in the
presence of liver disease, but in practice it has been used in
patients with Wilson's disease and it is the drug of choice
for arsenic poisoning, which is also often associated with
liver damage. The injections are painful and frequently as-
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sociated with local reactions, nausea, vomiting, fever, saliva-
tion and a burning sensation in the mouth and throat,
muscular aches and occasionally severe febrile reactions, and
a rise in the blood pressure. Doses above 3 5 mg/kg body
weight are particularly apt to cause such reactions.

EDTA

Ethylenediamine tetra-acetic acid is available in ampoules for
parenteral administration as the trisodium salt, "sodium
versenate," or as the calcium disodium salt, "calcium di-
sodium versenate." The structural formula of the disodium
salt is

Na OOC.CH2

HOOC. CH2

NCH2-CH2N

,CH2 COONa

CH2 COOH

each molecule being able to bind one polyvalent cation (M)
thus:

CH2-CH2

NaOOCCH2 CH2COONa

N N
I--,"

CH2 M CH2

oC-O O-cs

0~~~~~~

The principal indication for using this drug-perhaps the
only one-is in the management of lead encephalopathy.
Given as the calcium disodium salt, EDTA has a higher
affinity for lead than for calcium and the metals therefore
exchange in vivo. For lead poisoning EDTA should never be
given by mouth as it may enhance lead absorption from the
gut and lead to an exacerbation of an already dangerous situ-
ation. Preferably CaNa2 EDTA should be given by slow
intravenous infusion, in a dose not exceeding 75 mg/kg per

day, each 2 g being diluted in 200 ml of isotonic glucose or

physiological saline. EDTA may also be given intramuscu-
larly as a 20% solution together with 5% procaine.

Intravenous EDTA, as the trisodium salt, has also been
used in similar doses for the treatment of hypercalcaemia,
but it no longer appears to be the treatment of choice. Given
by mouth it can be used to minimize calcium absorption from
the gut, though here again it is probably less effective than
phosphate. Among the metals, it will also chelate the radio-
active elements plutonium, thorium, and uranium, and it
may well have a role in removing these from workers con-

taminated by radioactive waste. Nevertheless, once these
elements have found their way into bone matrix, the excess

of calcium greatly favours chelation of the latter.
EDTA is a toxic compound and the dose should not ex-

ceed 3 g daily. The immediate hazard is hypocalcaemia,
which may occur in the presence of a (biochemically) normal
serum total calcium level; thus calcium estimations during
therapy should be of ionized and not of total calcium. EDTA
is also nephrotoxic and should never be used in the presence
of renal damage.

Desferrioxamine B

Desferrioxamine B is prepared by removal of iron from the
naturally occurring iron chelate, ferrioxamine B, originally
isolated from Streptomyces pilosus. The trade name for this
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compound is Desferal and the approved name desferriox-
amine mesylate. The formula is

NH2 (CH2) 5N-C(CH2)2CONH (CH2)5N-C(CH2)2CONH (CH2)5N-CCH3
II1 II II

HOUO HOUO HO O

Each molecule of desferrioxamine reacts with one atom
of tervalent iron to form an eight-sided chelate, oxygen being
the electron donor. Though the stability of the iron chelate
is not much higher than that of either EDTA or DTPA, the
degree of specificity is so much greater that desferrioxamine
is by far the most valuable compound for treating both acute
and chronic iron poisoning and also iron overload. It has one
great disadvantage-namely, that it must be given parenterally.

Desferal is available in vials, each containing 500 mg, which
can be made up for intramuscular or intravenous use. It is
the treatment of choice for acute iron (ferrous sulphate)
poisoning. For the management of this condition it should
be given in three main ways. Firstly, by mouth, to bind any
iron in the gut after emesis or lavage; a dose of 5 g is given
in 50 to 100 ml of fluid. Secondly, intramuscularly, 2 g in
12 ml sterile water, and, thirdly by slow intravenous drip,
at a rate not exceeding 15 mg/kg/hour, or 80 mg in 24 hours.
By this route it can be added to any acceptable and suitable
intravenous fluid. The intramuscular dose may be repeated
12-hourly if necessary.
The compound has not found a place in the management

of haemochromatosis since venesection is here so much more
effective in depleting the iron stores, over 200 mg being re-
moved with each 500 ml whole blood. Nevertheless, when
venesection cannot be tolerated and in patients suffering from
haemosiderosis as a result of chronic blood destruction or
repeated transfusions desferrioxamine may be the only means
of reducing the iron load on the tissues. Unfortunately it
must be given by repeated intramuscular injections, so that
the need of an orally active chelating agent for iron is much
felt. An initial dosage of 500 mg three times daily should be
followed by a maintenance dose of 500 mg once or twice
daily, indefinitely or for as long as the patient will tolerate
this therapy.

Desferrioxamine has also been used as a diagnostic test
for primary haemochromatosis and this is particularly useful
in screening relatives of the propositus. The test requires in-
jection of desferrioxamine and ferrioxamine labelled with
59Fe; details of the procedure may be found in papers by
Fielding.6 7

Penicillamine

Penicillamine, dimethyl cysteine

CH3 H

0°
CH3 C C C

| OH
SH NH2

Penicillamine is sold under the trade names of Distamine
and Cuprimine, either as the free base or as the hydrochlo-
ride. It is rapidly absorbed from the gut, reaches peak blood
levels in half to two hours, and is mostly cleared from the
plasma in 24 hours, though a small percentage remains
protein-bound.
Probably two molecules of penicillamine bind one atom of

copper, thus
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CH3 CH3
\11~ ++

CH3, C S, S C
II CH,I

HC N N-C-H 3
H2 H2

oC \ C
0 OH HO 0

though the exact form of the chelate and strength of the
ligand has not been determined. Penicillamine has an affinity
for many metals, but its main clinical usefulness is so far con-
fined to removal of copper from patients with Wilson's
disease, in which it is a highly effective form of treatment,8
and for treatment of both lead and mercury poisoning, though
for the latter N-acetyl penicillamine may be preferable. For
patients with Wilson's disease the dose varies between 500 mg
of free base (or 600 mg of the hydrochloride) three times a
day and 1,000 mg three times a day. It is seldom necessary
or wise to give a dose above 2 g a day for more than a
year.

In lead poisoning penicillamine may be given by mouth in
similar doses for adults or correspondingly less for
children.9 10 For very severe lead poisoning with encephalo-
pathy intravenous penicillamine has been found as effective
as intravenous EDTA. In Wilson's disease the drug must be
continued for life, but in lead poisoning the dose must be
controlled by reference to the excretion of lead and of delta-
aminolaevulic acid in the urine. Penicillamine may be dis-
continued when the concentrations of these reach a low and
steady level.

Penicillamine gives rise to several toxic reactions,'1 the

most serious being the nephrotic syndrome, though this is
rare in patients with Wilson's disease; fortunately this is re-
versible once the drug is discontinued. It has also caused
granulocytopoenia and leucopoenia, but, though these may be
worrying, they seldom mean that treatment has to be stopped.
Penicillamine antagonizes the action of pyridoxine but ad-
ministration of 50 mg of this vitamin weekly is more than
enough to make good all requirements.

It has recently been suggested that penicillamine-intolerant
patients with Wilson's disease, for whom the drug is life-
saving, can be managed with a new orally active chelating
agent, triethylene tetramine.12 Nevertheless, this compound
is not at present commercially available in a therapeutically
acceptable form. In view of the rarity of this complication and
the expense involved in getting a new drug accepted by the
Committee on Safety of Drugs it seems unlikely that this
compound-or for that matter any new therapy for a rare
disease-will ever offer sufficient prospects of profit to be
commercially viable.
1 Seven, M. J., and Johnson, L. A., Metal Binding in Medicine.

Philadelphia, J. B. Lippincott, 1960.
2 Peters, R. A., Stocken, L. A., and Thompson, R.H.S., Nature, 1945,

156, 616.
3 Bessman, S. P., Reid, H., and Rubin, M., Medical Annals of the

District of Columbia, 1952, 21, 312.
4 Walshe, J. M., American 7ournal of Medicine, 1956, 21, 487.
5Cumings, J. N. Brain, 1948, 71, 410.
6 Fielding, J., 7ournal of Clinical Pathology, 1965, 18, 88.
7Fielding, J., Yournal of Clinical Pathology, 1967, 20, 668.
8 Walshe, J. M., British Yournal of Hospital Medicine, 1970, 4, 91.
9 Moncrieff, A., Koumides, O.P., Clayton, B.E., Patrick, A.D., and

Renwick, A. G. C., Archives of Diseases of Childhood, 1964, 39, 1.
10 Selander, S., Cramer, K., and Hallberg, L., British Yournal of Industrial

Medicine, 1966, 23, 282.
11 Postgraduate Medical Yournal, Supplement on penicillamine, 1968.
12 Walshe, J. M., Lancet, 1969, 2, 1401.

aThe Forgotten

VIII-An Occupational Centre
FROM A SPECIAL CORRESPONDENT

The occupational centre is on the outskirts of a southern mar-
ket town, set among lawns, simply constructed, but custom-
built. The workrooms are bright and warm and all doors are
wide enough to admit wheelchairs, though the lavatories
should have been big enough to take a helper as well as a
patient. Mr. P. Q., the supervisor, is an elderly enrolled nurse,
kindly and tolerant, with a background of engineering ex-
perience and a great deal of mechanical ingenuity in devising
and modifying equipment for disabled patients.
The purpose of an occupational centre is to give its clients

something to do. The psychiatric and the mentally subnormal
attend a separate centre but a certain amount of mental im-
pairment is tolerated in Mr. P. Q.'s establishment-otherwise
many old people would have to be excluded. People who are
referred to the centre are in general those who cannot be
expected to show any substantial physical improvement. Most
are elderly and because of their longer life expectancy women
predominate; the degenerative conditions such as stroke,
arthritis, and heart disease are those most commonly seen.
Young people form a small group with a poor prognosis, since
if they are thought to have a fair chance of recovery they are
dealt with under a rehabilitation scheme. The plight of these
younger patients is sad and the supervisor tries to get them all

in on the same day. He hopes to find an instructor capable
of stimulating them and possibly finding ways in which they
could rejoin Ihe normal labour force.

Successes and Strains

A few successes are achieved by this age group though work
obtained through the Department of Employment sometimes
seems to Mr. P. Q. not entirely suited to his client. Informa-
tion seems to be exchanged with some difficulty between de-
partments and authorities concemed. Recently Mr. P. Q. was
reproached for having placed an epileptic in a job associated
with machinery. When he said he had never been told and
did not know that the boy had epilepsy he was told that he
could not expect to be given this kind of confidential informa-
tion. Sometimes the hysterical or depressed regain old skills
in this noncompetitive situation; sometimes, however, it seems
that some might benefit from more dynamic surroundings.
One patient was a young and attractive paraplegic hoping for
a post as a receptionist-losing heart and putting on weight.
It seemed to me that until she could learn to drive and obtain
a car her hopes of employment were slight.
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