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Report of Symposium
Penicillamine*

An International Symposium organized by Advisory
Services (Clinical and General) Limited, sponsored
by Messrs. Bayer and Homburg, was held at the Royal
Society of Medicine on October 25 and 26, 1974. The
meeting was chaired by Dr. A. St. J. Dixon (Bath).

Chemistry and pharmacology

The initial discovery of D(-) penicillamine was described
by Professor Sir Ernest Chain (Imperial College). During
the elucidation of the chemical structure of the penicillin
molecule a precipitate was formed when mercuric chloride
was added to the preparations of penicillin; from this
penicillamine was isolated. Subsequently the structure
and properties of penicillamine were determined. In
particular it was found that the drug forms stable tightly
bound water-soluble chelates with heavy metals. It readily
forms thiazolidines with aldehydes and it is able to disag-
gregate macroglobulins, possibly by reductive breakdown
of disulphide links. Any or all of these properties could be
responsible for its value in rheumatoid disease.

Recent literature on the structure of collagen was re-
viewed (D. S. Jackson, Manchester). The collagen fibril is
stabilized by intermolecular crosslinks. The two major
reducible crosslinks are the aldimine (dehydro-hydroxy-
lysinonorleucine) derived from lysine and hydroxylysine
and the keto form (dehydro-hydroxylysine-5-ketonor-
leucine) derived from two hydroxylysines. Penicillamine
can both prevent the formation and react with and break
the aldimine crosslinks. It is not effective against the keto
form of crosslink. Moreover, in time the nature of the
aldimine crosslink changes and becomes much more stable
and, therefore, resistant to penicillamine.

Biochemical considerations therefore indicate that the
drug can only be effective if:

(1) there is a significant rate of biosynthesis of new
collagen;

(2) the crosslinks are reducible and are not mature
and insoluble;

(3) the structure of the crosslink is of the aldimine
form and not the keto form. In normal visceral
tissues, such as bone and tendon, a major propor-
tion of the crosslinks is of the latter type and there-
fore penicillamine resistant. It remains to be
determined whether new collagen proliferating in
diseases of these tissues is of the type that is
penicillamine sensitive.

From animal studies, F. Leuschner and A. v. Schlichte-
groll (W. Germany) concluded that the antirheumatic
properties of the drug were principally due to this inter-
ference with crosslinking of collagen or possibly elastin
precursors. They found that it decreased immunoglobu-
lins but regarded this as a subsidiary factor in controlling
experimental arthritis.

Penicillamine can chelate heavy metals, particularly
copper, and this may be of importance in the treatment
of arthritis. The methods of determining the trace
metals in the body were reviewed (T. L. Dormandy and
colleagues, Whittington Hospital). There is an increase in
copper levels in rheumatoid arthritis and this falls with
penicillamine therapy. J. M. Walshe (Cambridge) pre-
sented the background to the use of the drug in Wilson's
disease and illustrated its value. Of particular interest was
that several patients had been maintained on the drug for
many years without significant side effects and that several
female patients with Wilson's disease had undergone suc-
cessful pregnancies producing normal children. J. L.
Gollanand S. Sherlock (Royal Free Hospital) investigated
the possible use of penicillamine to enhance the removal
of copper by peritoneal dialysis in a patient with Wilson's
disease and acute oliguric renal failure. Despite experi-
mental evidence to suggest that the drug might be useful,
there was no measureable increase in copper excretion in
the dialysate.

Rheumatic diseases

This session was largely devoted to clinical studies on the
use of penicillamine in the treatment of rheumatoid
arthritis. I. A. Jaffe (U.S.A.) related his experiences in the
treatment of 100 RA patients since 1963, and A. G. S. Hill
(Stoke Mandeville) and colleagues presented the conclus-
ions from their double-blind controlled trial showing that
penicillamine was much superior to placebo. These and
other speakers emphasized the high incidence of side
effects leading to drug withdrawal in approximately one-
third of patients. It was this incidence that led E. B. D.
Hamilton (King's College Hospital) and colleagues to
perform a multicentre double-blind placebo controlled
trial using syntheticpenicillamine. Patients were randomly
allocated to one of three groups: placebo, treatment with
600 mg penicillamine per day, and treatment with 1200
mg penicillamine per day.
Both treated groups did better than the controls and no

significant differences in improvement were noted between
them. However, there was a reduced incidence of adverse
effects in those receiving the lower dose level. The conclu-
sion was that penicillamine should be administered in
a 'go low, go slow' manner. Treatment should be started
with either 150-300 mg penicillamine hydrochloride or
125-250 mg penicillamine base per day and increased at
intervals of not less than once a month by similar incre-
ments to a maximum of 750 mg per day. As soon as a re-
mission is achieved the dose is held and no further in-
crease is given. At the present time this 'go low, go slow'
policy seems to lead to the least incidence of side effects.
As we become more familar with the use of penicil-

lamine, the drug, which is being used in the earlier stages
of rheumatoid disease, will perhaps become an alternative
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to gold therapy. E. C. Huskisson (St. Bartholomew's
Hospital) and colleagues reported on a trial comparing the
use of gold and penicillamine. Both treatments proved
effective, but side effects were common. Whereas they were
slightly more frequent in patients receiving penicillamine,
it proved possible to maintain more patients on this drug
than on gold. With the current use of more flexible
regimens for administration of both drugs, the incidence of
side effects should fall. R. N. Maini, R. M. Ellis, and J. T.
Scott (Kennedy Institute) reported that lymphocyte trans-
formation studies in rheumatoid patients receiving peni-
cillamine suggested no significant effect on T cell function.
On the other hand, immunoglobulin levels showed a
consistent fall and complement was observed to return to
the normal range, suggesting that the antibody response
was significantly altered.

Penicillamine is a chelating agent and has been used
to eliminate heavy metals from the body. Obviously, it
should not be given concurrently with gold and it might
prove useful for patients suffering from gold toxicity.
J. D. Jessop (Cardiff) presented four such patients treated
in this fashion and reviewed the literature. He was unable
to find any increase in urinary gold excretion on adminis-
tration of penicillamine and concluded that it is unlikely
to be useful in the management of gold toxicity.

Experiences of the use of penicillamine in juvenile
rheumatoid arthritis were reported by E. Stoeber and H.
Schairner (W. Germany), L. Weingaertner and colleagues
(German F.D.R.), and B. M. Ansell (Taplow). Insufficient
numbers have been treated, and the results of controlled
trials are awaited, but the evidence to date suggests that the
results will be similar to those in adults. There is some con-
cern that aortic incompetence may develop in children
receiving this drug. Perhaps an induced collagen defect
allows this lesion to develop, but at present it is impossible
to be sure that the valve lesion is not due to underlying
disease.

Studies of the metabolism of collagen in scleroderma
were presented by M. I. V. Jayson, C. Herbert, and A. J.
Bailey (Bristol). Newly formed collagen contains soluble
crosslinks which become stabilized and insoluble by
maturity and are no longer readily detected. If there is pro-
liferation of new collagen in the adults then there will be
an increased level of soluble crosslinks. These have been
found in the skin of patients with active scleroderma.
Penicillamine can inhibit their formation and cleave them
when newly formed and soluble. This was shown on serial
biopsies and confirmed by experimental organ culture
studies. The biochemical changes during treatment were
correlated with clinical improvement. Despite success in
treating the skin in systemic sclerosis, there is as yet no evi-
dence that the drug is useful for the visceral manifestations.
By the time they appear the disease may be very advanced
and the collagen crosslinks may have matured to an in-
soluble form. Alternatively, the structure of the crosslink
in visceral collagen in scleroderma may be of the keto form
which is resistant to penicillamine.

Liver disease

The natural history of chronic active hepatitis was pre-
sented by A. E. Read (Bristol) and the variable background
and prognosis was emphasized. Most patients pass through
a stage varying between a few months and many years be-

fore eventually developing a macronodular cirrhosis.
Steroids often produce dramatic beneficial clinical and
biochemical results, but there is little evidence to suggest
that they can delay fibrosis or prevent the onset ofcirrhosis.
Preliminary results of controlled trials were presented by
S. Jain and S. Sherlock (Royal Free Hospital) and R. B.
Stern and R. Williams (King's College Hospital. The for-
mer study compared penicillamine with placebo and
showed a tendency for biochemical indices to return to
normal in the treated group. The latter study compared
prednisone and penicillamine. As yet the therapeutic
results appear similar but there were more side effects in
the penicillamine treated patients.

Toxicity
In animal toxicity studies (F. Leuschner and A. v.
Schlichtegroll, W. Germany) there is evidence of inhibi-
tion of wound healing and of specific damage to muscles
and blood vessels. This may be because of interference
with the synthesis of DNA, RNA, protein, collagen, and
mucopolysaccharides (P. Chandra and A. Koch, W.
Germany).

C. R. Tribe, J. C. MacKenzie, and P. A. Bacon (Bristol
and Bath) showed the renal lesion in patients developing
the nephrotic syndrome. Within the glomerular capillary
basement membranes they found numerous small electron-
dense deposits typical of immune complex nephropathy.
The cause of these changes is open to debate. The manage-
ment of patients developing proteinuria was discussed by
I. A. Jaffe (U.S.A.), who suggested that treatment could
be continued provided the amount of protein does not
steadily increase, the total does not exceed 2 g/24 h, and
there is no haematuria or oedema.

Other side effects such as a lupus-like syndrome (J. P.
Camus and J. Crouzet, France), a myasthenic syndrome
(K. 0. Vorlaender, W. Germany), and lesions ofcutaneous
elastic fibres after prolonged treatment (J. P. Benhamou
and J. Guilaine, France) were discussed.
The literature with respect to penicillamine administra-

tion during pregnancy was reviewed (K. Chlud, Austria).
There have been about twelve documented pregnancies
and of these one child was born with an Ehlers-Danlos
like syndrome. Perhaps this was due to the lathyritic effect
of the drug, but the mother was suffering from cystinuria.
As collagen abnormalities may play a fundamental part
in that disease, the disorder in the child may be on a
genetic basis.

There was little discussion about haematological side
effects, but reports to the Committee on Safety ofMedicines
(A. F. Ross) included 22 such reactions of which two were
fatal, one due to thrombocytopenia and the other to
aplastic anaemia.

Summary
D(-) Penicillamine is of demonstrable value in rheumatoid
arthritis but its use is limited by side effects. The 'go low, go
slow' policy should limit these. Its mechanism of action is
uncertain. Perhaps it works by its lathyritic effect on col-
lagen as in scleroderma, but it also has important actions
with respect to rheumatoid factor, chelation of heavy
metals, and antiviral properties. Its value in liver disease
has yet to be elucidated.
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