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Current Drug Managements of Wilson’s Disease: From West to East
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Abstract: Wilson’s disease (WD), also called hepatolenticular degeneration, is an
autosomal recessive inheritance disorder of copper metabolism characterized by the
multiple mutations in the ATP-ase 7B gene of chromosome 13q. About half of the
WD patients have neurological or psychiatric symptoms. As WD is a kind of
medicable or nearly curable neurodegenerative disease in the field of medicine, early
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consideration/examination and without delay/ life-long treatment usually lead to better prognoses. The drugs, also named
as anticopper agents, are commonly used in clinics including D-penicillamine, trientine, sodium dimercaptosuccinate,
dimercaptosuccinic acid, zinc and tetrathiomolybdate. This provides detailed reviews about these medicines.
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INTRODUCTION

Wilson’s disease (WD), also called hepatolenticular
degeneration, is a kind of genetically neurodegenerative
disorder characterized with abnormal copper metabolism
caused by an autosomal recessive inheritance of ATP7B
gene mutation, and its clinical representations can be
usually classified mainly as: cerebral type, hepatic type,
presymptomatic (or asymptomatic) type, and the others [1,
2]. The dysfunction of ATP7B enzyme can result in disorders
of copper-protein and paraeccrisis of biliary/intestinal
copper, so free copper ion increases and abnormally deposits
in various tissues and organs such as liver, brain and cornea
by binding with protein, which causes the toxic damage to
those organs. The diagnostic criteria of Wilson’s disease are
as follows: 1. clinical manifestations of liver damage or
neurological symptoms; 2. decrease of ceruloplasmin (<0.2g/L);
3. adultly 24-hour urinary copper >100pg; and 4. visible
corneal-pigmented ring (K-F ring) under the slit lamp [1, 3, 4].

WD often occurs in teenagers, with a world-wide
prevalence of 1:30 000 and an incidence rate of 15-25 per
million. As WD is one of the medicable or nearly curable
genetic diseases by the drugs in the field of neuro-
degenerative disorders, early diagnosis and early and life-
long treatment lead to better prognoses. Although WD is a
relatively rare disease, ten thousands of WD in-patients have
already been institutioned in Hefei, Shanghai, Guangzhou of

acid, hepatolenticular

* Address correspondence to these authors at Institute of Neurology, Anhui
College of TCM, Hefei, China, 230026; E-mail: yrm724120@sina.com and
Department of Neurology, Shanghai First People’s Hospital, Shanghai Jiao-Tong
University, China, 200080; Tel: 86-21-63240090; Fax: 86-21-63243755;
E-mail: wangxp@ustc.edu

1570-159X/16 $58.00+.00

degeneration, sodium dimercaptosuccinate,

China [2, 5]. The drugs commonly used in clinic for
Wilson’s Disease are elaborated as follows.

COPPER CHELATING AGENTS

Copper chelating agents, orally or intravenously, excrete
copper out of the various WD tissues from liver to skin, by
combining Cu"" to form water-soluble copper complex,
which can be excreted by the stool and urine.

D-penicillamine (D-PCA)

As the conventional anticopper, found by a great
Englishman Walshe JM (1956), earliest first choice for WD,
D-PCA has worldly been of the advantage of high excretion
amount of urine copper, as it has recently been considered
the disadvantage of relatively slow excretion speed of copper
out of the brain, and especially re-contribution effort of
copper, resulting in Cu'"" from liver to brain. Therefore, it
should not be applied to severe cases or advanced stage
cases,particularly cerebral type. Studies have confirmed that
D-PCA had a better curative effect on WD patients with liver
damage, but negative influences on neurologic function
impacted 10% -50% of WD patients with cerebral damage in
the initial treatment, and about half of those patients suffered
from irreversible damage [2, 3]. So some WD experts believe
that D-PCA is not the drug of first choice for WD with
neurological damage [4], even nothing but D-penicillamine
list as first position in most of standard textbooks of
Neurology and/or Medicine for 60 years. The deterioration
phenomenon may be due to the transferring of a large
number of copper from liver to blood, which can result in the
increasing of blood free copper level, and some of those free
copper metastasize to brain, rising to the aggravation of
neurological symptoms [5]. D-PCA, also named as half-

©2016 Bentham Science Publishers



Drugs of Wilson’s Disease

immunosuppressor, may cause series of adverse reactions
such as: gastrointestinal symptoms and anaphylactic reaction
at the early stage, leukocytopenia, thrombocytopenia, hemolytic
anemia and autoimmune systemic diseases in the long-term
usage [6, 7]. It is basically knowledgeable that D-PCA is
prohibited to treat pregnant WD patients. About 30% of the
patients finally stopped using D-PCA because of the serious
adverse reactions [7]. Gradually increasing the amount of
D-PCA could improve the drug tolerance, the initial dosage
is 250-500 mg/d, with an increase of 250 mg every 4-7 days
until reaching the maximum dosage 1000-1500 mg/d in 2-4
doses [2]. The recommended maintenance dosage is 750-
1000 mg/d [8]. For children, the dosage is 20 mg/(kg-d),
or about 250 mg/d [2]. The best medicine-taken time
recommended is 1 hour before meals or 2 hours after meals
because food can restrict the absorption of D-PCA. Daily
added 25-50 mg vitamin By is recommended because D-PCA
can affect the metabolism of vitamin B¢ [9]. The amount of
urinary copper , content of plasmatic free Cu’', and level of
non-ceruloplasmin need to be monitored in order to
determine the efficacy and adjust the dosage.

Triethylene Tetramine, Trientine

Trientine (TETA) is a multi-amine metal chelating agent,
which has a similar mechanism and treatment effect as D-
PCA. Walshe first reported the application of trientine to
WD patients in 1982 [10], which was recommended by the
U.S Food and Drug Administration (FDA) as a D-PCA
substitute or a second-line drug for patients who could not
tolerate D-PCA in the same year [11]. For the patients treated
by trientine, the proportion with worsened neurological
symptom was significantly less than D-PCA, therefore it was
recommended as the first choice for patients with neurological
involvement. But in recent years, the double-blind study of
Brewer et al. [12] on trientine and tetrathiomolybdate
showed that when trientine was used for initial treatment of
neurological WD, about 24% of patients had worsened
neurological symptoms, half of whom died because the
neurological symptom continued to worsen. Therefore, it
might be considered that trientine was similar to D-PCA,
inappropriate for the initial treatment of neurological WD.
Trientine has a few adverse reactions, mainly pancytopenia.
Its general dosage is 750-1,500 mg/d in 2-3 doses, and the
maintenance dosage is 750-1,000mg/d. For children, there is
no dosage standard by weight, usually 20mg/ (kged), namely
about 250mg/d in 2-3 doses. Trientine and D-PCA should be
dosed 1 hour before or 2 hours after a meal. Similar to
D-PCA, for the patients treated by trientine, the amount of
urinary copper and non-ceruloplasmin level needs to be
monitored in order to determine the efficacy and adjust the
dosage [2]. Trientine chelates iron preparation, and they
should not be taken at the same time, because the compound
formed is toxic [13].

Sodium  Dimercaptosuccinate (Na-DMS), Dimer-
captosuccinic Acid (DMSA), Sodium Dimercaptosul-
phonate (DMPS), and Captopril

Sodium dimercaptosuccinate (Na-DMS) is considered as
a dominant intravenous medicine for Chinese WD,
especially for the severe and advanced inpatients, as it has
high urine copper excretion and minor side effects. DMPS
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invented by Russian, has been successfully used to the WD
patients for 50 years in mainland China, usually 5-10mg /
(kged) [14]. Dimercaptosuccinic acid (DMSA) invented by
two Chinese: Ding GS and Liang Y in 1950°. It is an oral
drug. It can enhance its effect on excretion of copper of WD.
It is possibly the first choice for the outpatients in China by
taking DMSA capsule, whose predecessor: Sodium
dimercaptosulphonate (Na-DMPS) has intravenously low
toxicity and minor side effects. The disadvantage is that it
has little effect on severe or advanced stage of WD cases
[14]. Captopril used in the treatment of hypertension, is a
strong and competitive inhibitor of angiotensin-converting
enzyme (ACE). The authors found that Captopril may
decopper mildly and reduce the hepatic portal hypertension
in cirrhosis of WD patients [14].

DRUGS PREVENTING INTESTINAL ABSORPTION
OF COPPER AND PROMOTING EXCRETION OF
COPPER

Zinc Preparation

Zinc preparations include zinc gluconate, zinc sulfate,
zinc acetate, licorzinc and so on. By interfering with
gastrointestinal copper absorption, the zinc preparation plays
a therapeutic role with relatively slow effect. Yang RM and
his Colleagues treated the patients orally by zinc sulfate or
zinc gluconate, as a result, WD patients’ urinary copper
excretion all significantly increased [6]. Brewer JL et al.
showed that in the asymptomatic stage or early stage with
clinical symptoms of WD patients or in the maintenance
treatment stage after copper chelating agent was used, zinc
had better clinical effects, and at present zinc has become an
cheap and important therapeutic agent for WD [11]. Taly et al.
[15] found that the efficacy of zinc preparation was similar
to penicillamine but had significantly superior tolerance. The
zinc preparation has not caused worst early symptom in
the initial treatment of neurological WD [14, 16]. To this
end, European and American neurologists unanimously
recommended the zinc preparation for the treatment of WD
patients with early symptoms and pregnant WD patients, the
initial treatment of neurological WD and the maintenance
treatment of various types of WD [17-19]. At present, the
combined and phased use of complexing agent and zinc
preparation is largely advocated for therapy, but Sinha et al.
[20] and Hoogenraad [16] argued recently that the gradually
reduced dosage of complexing agent and final pure zinc
preparation for maintenance treatment were economic, safe
and effective for most WD patients. Gastrointestinal irritation
is the main adverse reaction of zinc preparation, and zinc
acetate and zinc gluconate [14, 16-18] have significantly
lighter gastric irritation than zinc sulfate. Therefore, zinc
acetate or zinc gluconate has substituted zinc sulfate for WD
treatment. The dosage of Zinc preparation depends on the
content of zinc, that is, for adult, 150mg/d in 3 doses; for
children less than 50kg, 75mg/d in 3 doses; and for children
younger than 5, it is difficult to determine the dosage. If the
zinc preparation is orally taken with meal, the absorption and
efficacy of zinc may be affected, so patients are generally
recommended to take it 2 hours before the meal or on an
empty stomach. With significant gastrointestinal reactions, a
higher dose of zinc preparation can be taken with meal to



324 Current Neuropharmacology, 2016, Vol. 14, No. 4

enhance the treatment compliance [2], which can be
monitored by frequent reexaminations of urinary zinc. Zinc
could integrate with penicillamine in the intestinal tract, so
the dosing interval between zinc preparation and
penicillamine should be more than 2 hours.

Tetrathiomolybdate

Tetrathiomolybdate (TM) is a potent decoppering agent,
which interferes with intestinal copper absorption (taken
with meal) or combines with plasma copper (taken before
meal). Phase III clinical trial results have confirmed that
tetrathiomolybdate itself does not worsen neurological
functions, so it is particularly applicable to WD patients with
neurological involvement [12, 21]. Brewer GJ, et al. [22]
treated 55 cerebral-type WD patients, only 2 of them had
aggravated neurological symptoms. Those patients’ clinical
symptoms were significantly improved at the 3rd year
follow-up visit, when zinc sulfate was used in the maintenance
therapy. Therefore, some specialists may consider that,
treatment with PCA should be avoided for patients with
cerebral type WD, TM associate with zinc can be used as the
preferred treatment for the neuropsychiatrical WD [23]. For
WD patients with neurological deficits, tetrathiomolybdate is
proven to be more effective than trientine with fewer side
effects [12], but there is no experimental study on the
application of tetrathiomolybdate for WD patients with liver
disease. Despite the initial treatment with tetrathiomolybdate
for various types of WD patients [24], FDA has not yet
approved it. Its adverse effects include bone marrow
suppression, liver toxicity as well as neurological dysfunction
induced by excessive decoppering. However, an excess of
molybdenum is toxic, so TM should not be used in
maintenance therapy [25].

ANTIOXIDANT

Mainly vitamin E, which can be used for adjuvant
therapy. Clinical observations showed that WD patients had
reduced vitamin E in plasma and liver [26, 27]. There are a
few reports on improved symptoms due to vitamin E, but its
efficacy remains to be proven [2]. Reduced Glutathione has
been used in China to protect the related tissues [9].

TRADITIONAL CHINESE MEDICINE

Traditional Chinese Medicines with functions of
cholagogue and promoting dieresis, such as: Radix et
Rhizoma Rhei, Rhizoma coptidis, Rhizoma Curcumae
Longae, Herba Lysimachiae, Rhizoma Alismatis, may be
used to ameliorate the excretion of copper by means of bile,
feces and urine are used to promote the excretion of bile
copper, fecal copper and urinary copper. Gandou Decoction
created by Yang RM had been proved to be effective for WD
[6]. Currently by the authors’ clinical experience, the total
treatment scheme integrated Chinese and Western medicine
is recommended for WD, especially for early stage patients
and in the maintenance therapy stage.

HOW TO MAKE THE AGENT CHOICES FOR
VARIED WD FACETS?

For asymptomatic or pre-clinical patients, zinc preparations
are recommended to be used singly. The treatment
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recommended for hepatic type WD patients is zinc integrated
with trientine, and for patients with cerebral type WD, initial
treatment with PCA and trientine should be avoided, and
zinc or zinc in combination with Tetrathiomolybdate or
DMSA can be used as the treatment of first choice [5, 28].
Patients, who cannot use the above drugs due to limited
conditions, can use penicillamine for treatment, but their
conditions should be observed closely. In case of worse
symptoms and PCA intolerance, the PCA should be
withdrawn in time. In China DMPS is intravenously used as
the routine management for a few weeks in one year for the
in-patients after the initial treatment [5]. At the maintenance
treatment stage, the dose of copper chelating drugs should be
reduced, or zinc or traditional Chinese Medicine could be
chosen instead [29]. The amount of urinary copper, plasma
copper, especially free copper ion without ceruloplasmin
level need to be monitored in order to determine the efficacy
and adjust the dosage. All patients are generally not allowed
to stop medicines, since the treatment interruption is very
likely to result in the irreversible injuries of CNS tissues and
the decompensated liver diseases [30], except for the specific
stages: pre-pregnancy, pregnancy and lactation, especially
for D-PCA painful experience.

In conclusion, we are supposed to develop individualized
treatment plan according to the different types and different
stages of WD, and in the predicting the future of ATP 7B
gene mutation subtypes, which could help to decide the drug
combination, even for essentially urgent liver transplantation
of the abdominal Wilsonian type WD that is basically non-
responsive to any type of anticopper drugs [30]. Besides the
anticopper efficiency, the attentions should be paid to the
neuroprotective and hepatoprotective agents in the future, as
well as according to the genetic mutation and gene types [14,
31-37].
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