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CLINICAL RESEARCH

Effective treatment of Wilson's disease with oral zinc
sulphate: two case reports

TJAARD U HOOGENRAAD, CORNELIS J A VAN DEN HAMER, JAN VAN HATTUM

Abstract

Most patients with Wilson's disease are treated with the
potentially toxic cupriuretic agent penicillamine. The
toxicity of zinc taken by mouth is low, and long term
administration induces a negative copper balance.
Two patients with severe neurological symptoms were

given zinc sulphate by mouth three times daily in doses
of 200 mg, later increased to 300 mg. One patient, a
21 year old man, started to receive zinc sulphate after
his condition had deteriorated during treatment with
cupriuretic drugs. The other, a 27 year old woman, was
treated from the start with zinc sulphate. The conditions
of both patients improved appreciably, and they were
still receiving treatment with zinc sulphate roughly two
years later. Effective depletion of body copper stores
was shown by an intravenous radiocopper loading test
and liver biopsy. No side effects were found.

Wilson's disease may effectively be treated with zinc
sulphate alone.

Introduction

Wilson's disease (hepatolenticular degeneration) is a rare
inborn error of the copper metabolism, inherited as an autosomal
recessive trait. It is characterised by cirrhosis of the liver and
degenerative changes in the brain, particularly the basal ganglia.
Deposition of copper in the body occurs primarily in the liver,
brain, kidneys, and corneas.' If not treated the disease is
invariably fatal. Since the introduction of the orally active
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cupriuretic agent penicillamine' effective treatment has become
possible for most patients, and this drug, although potentially
toxic,3 has come to be regarded as the drug of choice in the
disorder.4 More recently trientine dihydrochloride, a less toxic
cupriuretic agent, has been recommended as a satisfactory
alternative in cases of severe intolerance of penicillamine.5

Zinc treatment offers a completely different approach to the
treatment of Wilson's disease. Excessive doses of zinc induce a
negative copper balance via its influence on the absorption of
copper from the gut, and the toxicity of zinc is low.6 Zinc
treatment for Wilson's disease was reported as early as 1961,
by Schouwink.7 He advised giving zinc b) mouth to reduce the
absorption of copper from the gut, but his study went largely
uninoticed. Recently Hoogenraad et al described the dis-
appearance of Kayser-Fleischer rings in one patient8 and the
return of liver copper concentrations to normal in another
patient during treatment with oral zinc.9 "1 These two patients
had received penicillamine during the first months of their
treatment. The efficacy of zinc in acutely ill patients and
patients who cannot tolerate cupriuretic treatment has not
previously been reported.

In this paper we describe one patient who reacted un-
favourably to penicillamine as well as to trientine dihydrochloride
but recovered with oral zinc treatment and another patient
who was successfully treated with zinc sulphate from the start.
In both patients an effective reduction in body stores of copper
was shown by liver biopsy'1 12 and radioactive copper loading
tests.'3

Case reports

CASE 1

A 20 year old man presented with acute psychosis but recovered
rapidly after treatment with neuroleptic drugs. Six months later he
began to complain of tremor and inarticulate speech and was eventually
admitted to another hospital for investigation. Kayser-Fleischer rings
could not be seen with the unaided eye. Neurological examination
showed discrete dystonia of the facial muscles, slight dysarthria, and
postural tremor of the arms. Wilson's disease was diagnosed when
Kayser-Fleischer rings were seen in the superior pole of the cornea
on examination by slit lamp and when biochemical examination
showed low plasma copper (11-0 /imol/l (70 leg/l00 ml)) and cerulo-
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plasmin (60 mg/i) concentrations and an increased urine copper
concentration (9 4 /imol/l (60 tsg/100 ml)). A liver biopsy specimen
showed a moderately increased copper content (5 7 yimol (362 gpg)'g
dry weight).
He was initially treated with a diet low in copper, penicillamine,

and vitamin B6 supplementation. Penicillamine treatment was started
at a dose of 500 mg a day, which was gradually increased to 1500 mg
a day after three weeks. Cupriuresis increased, but a few days after
the start of this treatment the dysarthria and postural tremor became
worse. His handwriting became irregular and illegible (fig 1). He
also developed a tremor at rest and hypokinesia. Because his condition
continued to deteriorate the penicillamine treatment was stopped
after three weeks. This was followed by some improvement. Trientine
dihydrochloride was then given in a dose of 400 mg three times a day,
but once again the neurological symptoms became worse. Urinary
excretion of copper increased only slightly. After taking this drug
for three weeks he was totally anarthric, extremely ataxic, completely
bedridden, and incontinent of urine and faeces. Furthermore, he
had tetraparesis and the first signs of contractures were seen in the
arms. Treatment with trientine dihydrochloride was therefore also
stopped, and penicillamine was gradually reinstituted in a dose of
250 mg a day. Three weeks later his clinical condition had not
improved and he was referred to us.

Before treatment with zinc was started an intravenous loading
test with copper-64 (64Cu) was performed. The curve obtained (fig 2)
was typical for Wilson's disease in that the normal rise in plasma
activity after some hours was absent. Moreover, the shape of the
curve suggested that the copper burden was relatively low, which
confirmed the moderate increase in the copper content of the liver
biopsy specimen. The excretion of copper in the urine before and
after provocation with penicillamine was raised (table).

Clinical features and biochemnical findings in two patients with Wilson's disease
before and after receiving zinc sulphate for two years

Case 1 Case 2

Before After Before After

Presence of clinical features*:
Kayser-Fleischer ringst +
Tremor + + + +
Rigidity + + + +
Dystonia + + +
Dysarthria + + + +
Dysgraphia + + + +

Biochemical findings:
Plasma copper (,umol/l)+ 6 3
Plasma zinc (jemol/l)§ 10 8
Plasma ceruloplasmin (mg/l) 60
Urine copper ((cmol/24 h)' 4 7
Urine copper (,umol/6 h) after

500 mg oral penicillamine** 12 0
Liver copper (itmol/g dry weight)tt 5 7t+

'Graded from 0 to + + + +.
tAs seen on slit lamp examination.
+SE 0 3 ,tmol/l, normal value 12 3-185 emol/l.
§SE 0-3 etmol/l, normal value 12 3-18 5 ,umol/l.
SE 10 mg/I, normal value 200-400 mg/l.
'ISE 0 2 .tmol/24 h, normal value -0 6 ,tmol/24 h.
**SE 0 2 ,umol/6 h, normal value 6 2 eLmol/6 h.

ttSE 10, normal value 0 6 ,tmol/g.
$:Value obtained before start of any treatment.

Coniversioii: SI to traditionial units-Copper: 1 cjmol/l
I gmol/lz 6 5 ,ug/100 ml.

+ t-
++ 0
++ 0
+ 0
+++ 0
++ 0

0
0
0
+
0

14 99 39
20 6 14 6 26-6
10 150 90
10 24 06

50 142 23
3 4 17 3 7*5

i6 4 sjg/100 ml. Zinc:

Zinc was prescribed as zinc sulphate 200 mg three times a day,
corresponding to 45 mg elemental zinc three times a day. The drug
was administered in capsules 30 minutes before meals. His diet
contained 1-2 mg copper a day. Two weeks after the start of treatment
with zinc, treatment with penicillamine was stopped. For the serial
assessment of the clinical condition the following signs were graded
from 0 to + + + +: tremor, rigidity, dystonia, dysarthria, and
dysgraphia (table).
The symptoms improved rapidly and appreciably after the start

of treatment with zinc. After one week the patient could again utter a

few comprehensible words and the tremor and rigidity had diminished.
After two weeks he could sit and walk a few steps. After six weeks he
could be discharged to a rehabilitation centre; tremor and dysarthria
were still present but less than on admission (fig 1). Six months after
the start of treatment with zinc he could again write legibly and he
resumed his high school education. After one year slight dysarthria
and dysgraphia were the only remaining abnormalities found on

neurological examination (fig 1). Kayser-Fleischer rings were still
present on slit lamp examination. The plasma copper and cerulo-
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plasmin concentrations had decreased and the plasma zinc concentra-
tion increased during treatment. The liver copper content had dropped
from 5-7 to 5-1 limol (362 to 324 /ig)/g dry weight. The dose of zinc
sulphate was increased to 300 mg three times a day. His clinical
condition continued to improve.

Case 1

Before *
treatment _

After 6 -N -4
weeks' , J
treatment /t? 4-

After one
years
treatment

After two
years'
treatment

.1,

I,

Case 2

LA IS U(4AOAj

ej is (Xicl~c

FIG 1-Handwriting of two patients with Wilson's disease before
and during treatment with zinc sulphate.
*One patient (case 1) receiving penicillamine.
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FIG 2-Results of intravenous 64Cu loading test (500 Fcg copper) in case I
before (0- 0) and after (O - -- 0) two years' treatment with zinc
sulphate and in untreated normal controls (O . 0).

After two years of treatment with zinc sulphate his handwriting
had returned to normal (fig 1) and slight dysarthria was the only
abnormal finding on neurological examination. On slit lamp exam-
ination the Kayser-Fleischer rings were less intense than two years
earlier. A liver biopsy specimen showed a further reduction in copper
concentration, and an intravenous copper loading test yielded a
steeper curve than before (fig 2). He tolerated zinc treatment well and
did not show any side effects during the two years of treatment.
Haematological tests, liver function tests, and renal function tests
continued to yield normal results during this period.

CASE 2

A 27 year old woman had had jaundice for a few weeks at the age
of 18. At the age of 21 she had been admitted to another hospital

30

'Cu in plasma 20
( fraction of dose/
ml x 106 )

10l

.o.

 on 24 M
ay 2023 by guest. P

rotected by copyright.
http://w

w
w

.bm
j.com

/
B

r M
ed J (C

lin R
es E

d): first published as 10.1136/bm
j.289.6440.273 on 4 A

ugust 1984. D
ow

nloaded from
 

http://www.bmj.com/


BRITISH MEDICAL JOURNAL VOLUME 289 4 AUGUST 1984

because of inarticulate speech and tremor and discharged without a

diagnosis being made or any kind of treatment started. Six years

later she was admitted to a second hospital because of tiredness,
anxiety, and depression. Her speech had become unintelligible and
her handwriting illegible. On examination the liver and spleen were

not enlarged. Kayser-Fleischer rings could not be seen with the
unaided eye. Neurological examination showed a mask like face with
some dystonia of the facial muscles; her speech was dysarthric and
her handwriting small (fig 1). Tremor was present in both hands and
rigidity in both arms and legs. She walked with small steps and in a

stooped posture. A blood count showed thrombocytopenia. Wilson's
disease was diagnosed when a slit lamp examination showed Kayser-
Fleischer rings and biochemical examination showed low plasma
copper and ceruloplasmin concentrations and an increased urine
copper concentration (table). She was referred to us for investigation
and treatment.

40 -
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4Cu inplasmci 201-
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Ml x 106
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Time (h)

FIG 3-Results of intravenous 64Cu loading test (500 jig copper) in case 2
before (*- 0) and after (O - -- 0) two years' treatment with zinc
sulphate and in untreated normal controls (O ... 0).

Before treatment with zinc was started liver biopsy and an intra-
venous copper loading test were performed. The copper content of
the liver was high (table). The results of the intravenous radiocopper
loading test were typical for Wilson's disease. The shape of the curve
indicated a large body pool of copper (fig 3).

Zinc was prescribed as zinc sulphate, 200 mg three times a day,
and administered 30 minutes before meals in solute form. There was
an overall decrease in the symptoms as early as the first week of
treatment. One month after the start of zinc treatment the micro-
graphia, dysarthria, and tremor had decreased, and after six weeks
the mask like face, rigidity, and abnormal posture had improved.
Eight months after the start of zinc treatment plasma copper and
ceruloplasmin concentrations had dropped (5 8 /Lmol/l (36-9 ,ug/
100 ml) and 105 mg/l, respectively). In an attempt to reduce these
concentrations even further the dosage of zinc sulphate was increased
to 300 mg three times daily. The clinical improvement continued
steadily, and after a year only slight dysarthria and rigidity remained.
Kayser-Fleischer rings were still present, plasma copper and
ceruloplasmin concentrations had decreased further, and urinary
copper excretion had dropped appreciably.
Two years after the start of oral treatment with zinc sulphate the

dysarthria and rigidity had resolved and her handwriting had returned
to normal (fig 1). The Kayser-Fleischer rings were still present but
less intense. Urinary excretion of copper had further decreased. The
copper content of the liver had dropped appreciably (table), and an
intravenous radiocopper test suggested a decrease in the pool of
accumulated copper (fig 3).

She had experienced slight nausea during the first days of treatment

but otherwise did not complain ofany side effects. Slight thrombocyto-
penia persisted. Otherwise, haematological tests, liver function tests,
and renal function tests continued to yield normal results.

Discussion

These two patients with Wilson's disease recovered
appreciably soon after the start of treatment with zinc. The
clinical response suggested a depletion in the body stores of
copper. This was confirmed by the lowering of the liver copper
content, the change in shape of the curve produced by the
intravenous radioactive copper loading test, and the decrease in
the urinary excretion of copper.
Although most patients with Wilson's disease can be helped

by penicillamine,4 the drug may lead to direct toxicity, and in
about 1000 of patients some form of immunologically induced
intolerance to penicillamine may develop sooner or later.5
Furthermore, clinical improvement is slow and symptoms may
worsen during the first six to eight weeks,4 and the drug is not

universally available.'4 Trientine dihydrochloride is a less toxic
cupriuretic chelating agent, but not all patients with intolerance
to penicillamine can be helped with this drug,5 as our first case

showed. Besides, the usefulness of the drug is severely limited
by the lack of a product licence.5
Schouwink was the first to treat Wilson's disease with oral

zinc.7 The aim of treatment with zinc is to decrease the
absorption of copper from the gut and thus to increase the
elimination of copper via the faeces (cupricopresis), and the
aim of chelating agents is to induce the excretion of copper in
the urine (cupriuresis). Excessive concentrations of zinc induce
the synthesis in the intestinal mucosal cells of metallothionein,
which binds zinc. As a result, most of the zinc will be retained
in these cells. Metallothionein also binds copper, and when
copper enters the mucosal cells it will displace the zinc from
the metallothionein. In this way, most copper is retained in the
mucosal cells and is ultimately lost in the lumen of the intestine
by the normal desquamation of these cells."5 The absorption of
copper is blocked in this way. The excretion of copper via bile
continues, the copper balance consequently becomes negative,
and copper deficiency may even occur.'6 17 The potential value
of zinc treatment in Wilson's disease is enhanced by zinc's low
toxicity.6 The absence of major untoward effects in the use of
zinc was mentioned more than a century ago by Herpin, who
used high doses of zinc to treat epilepsy.'8 Recently published
reports support this finding of low toxicity of oral treatment
with zinc.6 16 The main effects that may occur are nausea,
vomiting, and diarrhoea. No adverse effects were seen in two
of Schouwink's original patients with Wilson's disease, who
have now received zinc by mouth for up to 25 years.8

Wilson's disease is a progressive disease in which spontaneous
recovery of neurological deficits is not to be expected. Favourable
results of a new treatment in such circumstances form one of
the rare instances in medical practice when valid conclusions
may be drawn without a controlled trial.'9 2" The remarkable
recovery of the two patients reported on here shows not only
that treatment with non-toxic oral zinc is possible but also
that it leads to depletion of the body stores of copper. These
findings confirm previous, limited experience.8 9 1" Such
improvement can be understood in the light of the induction
of a negative copper balance by oral intake of zinc as already
shown by Schouwink7 and recently confirmed by Brewer et al.21

Because oral zinc was largely unknown as a form of treatment
we monitored the results in our patients not only by the standard
tests' but also by performing liver biopsies and intravenous
radiocopper loading tests. These copper loading tests may be
regarded as useful in monitoring the effect of treatment on the
body copper stores; during the process of mobilisation of
copper the curve produced becomes steeper and reaches lower
levels.9 13 22 This phenomenon was seen in both our patients.
Moreover, a distinct reduction in liver copper content was seen.

We conclude that Wilson's disease may be treated with zinc
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alone and that zinc should be given to patients who do not
respond to cupriuretic treatment.

We thank Professor A Staal and Dr 0 J A Th Meuwissen for
referring the patients, and Professor J Van Gijn and Dr J A Veiga-
Pires for their helpful comments on ihe report.
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Observations on the mechanism of hypoxaemia in acute
minor pulmonary embolism

G H BURTON, W A SEED, P VERNON

Abstract

An automated computer analysis ofventilation-perfusion
lung scans was used to derive graphical data from lung
scans of 11 patients with acute minor pulmonary embo-
lism, free of pre-existing cardiorespiratory disease, and
with no evidence of intrapulmonary complication or
pleural effusion. In each case the analysis showed the
presence of areas of lung, remote from those affected by
the pulmonary embolism, that had a pathological
disturbance of ventilation-perfusion matching with
relative overperfusion. Such a disturbance would cause
hypoxaemia. When the extent of the mismatching was
calculated in terms of relative blood flow and alveolar
ventilation it correlated well with the degree of arterial
hypoxaemia.

It is proposed that in acute minor pulmonary embo-
lism the development of ventilation-perfusion mis-
matching in areas oflung unaffected by the embolic event
may be an important mechanism of hypoxaemia.

Introduction

Acute pulmonary embolism is usually accompanied by
hypoxaemia.1-3 There is no obvious reason, however, why an
area of reduced perfusion should result in blood traversing the
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lungs without being oxygenated, and despite several hypotheses
the mechanism remains unresolved. We have developed an
automated computer analysis of ventilation-perfusion lung scans
that permits quantitative estimation of the distributions of
ventilation and perfusion in the lungs. We used this to look for
possible pathophysiological mechanisms for the hypoxaemia
observed with acute minor pulmonary embolism.

Patients and methods

PATIENT SELECTION

We examined the case notes of several hundred patients whose
diagnosis at discharge from this hospital from January 1975 to August
1982 had included pulmonary embolism. Criteria for inclusion in the
study were: (1) A firm clinical diagnosis of acute minor pulmonary
embolism. This was defined as the sudden onset of dyspnoea-with
or without cough, haemoptysis, or pleuritic chest pain-that could
not be accounted for by any other mechanism on clinical and chest
x ray examination. (2) No known pre-existing cardiovascular or
respiratory disease. (3) A predisposing factor to the development of
thromboembolic disease. (4) The presence on examination of tachy-
pnoea and tachycardia. (5) A ventilation-perfusion lung scan taken
within seven days after the acute event that was independently
reported as supporting the diagnosis of acute minor pulmonary
embolism. (6) Arterial blood gas tensions obtained within 24 hours of
the lung scan and with the patient breathing room air. (7) A chest
x ray film taken within 24 hours of the lung scan that showed no
intrathoracic radiological abnormality.
Only 11 cases satisfied all these criteria. Table I gives further details

of these cases.

VENTILATION-PERFUSION LUNG SCAN

Lung scans were performed using krypton-81m for ventilation and
technetium-99m macroaggregated albumin for perfusion. Details of
the method of computer analysis have been reported elsewhere.46
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