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D-Penicillamine and Zinc therapy for Wilson’s Disease
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Abstract. Wilson’disease (WD) is a rare genetic autosomal recessive condition characterized by Copper 
overload. Its treatment uses chelating agents (mainly D-Pencillamine) and drugs which lower the intestinal 
absorption of Copper (Zinc). We hypothesized that the drugs are efficient if they induce hepatic and/or 
neurological amelioration; the greater the efficiency, the shorter the period of time to the amelioration. 
On a group of 16 patients consulted or hospitalized in Cluj-Napoca (Romania) we compared the hepatic 
biochemical normalization and the neurological amelioration in the patients receiving Zinc monotherapy 
(7 patients) vs. association of Zinc and D-Penicillamine (9 patients). The results were in favor of the as-
sociation of the two drugs, but the only parameter reaching statistical significance threshold was the time 
to hepatic and neurological amelioration (p = 0.023). There were no severe adverse effects of either drug. 
The small sample size might have reduced the chances to have more significant differences, issue to be 
addressed by further studies. We concluded that the association of D-Penicillamine and Zinc is safe and 
efficient in treating Wilson’s disease.
Keywords: penicillamine, Zinc, Copper, Wilson’s disease

ORIGINAL PAPERS

Valentin Militaru
Spitalul Clinic Municipal – Clinica Medicala V – 
Cluj-Napoca, Romania
Email: Valentin.Militaru@umfcluj.ro

Introduction 

Wilson’s disease (WD), also called “hepato-
lenticular degeneration”, is a rare genetic, 

autosomal recessive disease, consisting of copper 
overload in certain tissues, mainly in the liver, brain 
and cornea. The condition is caused by mutations in 
the ATP7B gene, located on the 13th chromosome, 
resulting in a deficient bile elimination of copper. 
There are 3 main types of clinical manifestations: 
neurological and/or psychiatric, hepatic and ocular; 
other organs may be also involved [1, 2]. Not treated 
WD is inexorably fatal. The therapeutic strategy 
has 2 components: medication and complemen-
tary treatments [1]. Even if the reduction of the 

alimentary copper input is helpful in improving the 
management of the disease, the main therapeutic 
modality is represented by the pharmacological 
treatment. Existing treatments aim either copper 
chelation with consecutive renal elimination (D-
Penicillamine, Trientine, Ammonium Tetrathiomo-
libdate) or reduction of the intestinal absorption of 
copper (Zinc, Amonium Tetrathiomolibdate). The 
final target is the reduction of the global copper 
charge in the body [3]. Depending on the phase 
of WD in which treatment is initiated, correct and 
efficient pharmacotherapy can stop or slow down 
the progression of the anatomic lesions, can partially 
or even completely correct the biochemical hepatic 
abnormalities and the neurological extrapyramidal 
manifestations and can lead to Kayser-Fleischer 
ring’s disappearance [2]. As WD is a very rare con-
dition, estimated at 30 patients/1 million persons 
[4], realization of clinical studies is difficult, as it 
is to evaluate the therapeutic efficiency.
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We hypothesized that: 1. decoppering medica-
tion is efficient when it corrects the neurological 
troubles (evaluated clinically) and the hepatic bio-
chemical abnormalities; 2. therapeutic efficiency is 
greater if the above-mentioned abnormalities are 
corrected faster (i.e. in a shorter period of time). 
We aimed therefore to compare the efficiency of 
the association of Zinc and D-Penicillamine vs. 
Zinc alone in inducing hepatic and or neurologi-
cal amelioration and to compare the time to the 
amelioration.

Materials and methods 

We retrospectively analyzed the medical records 
and other medical documents (medical letters, 
laboratory test reports) of 16 patients having WD. 
These patients were hospitalized or examined as 
outpatients in the Pediatric Clinic II and in the 
Medical Clinic V (depending on the age) for the 
general and hepatologic aspects; neurological ex-
aminations were performed in the Neurology Clinic 
and in the Pediatric Neurology Clinic; the patients 
underwent the ophthalmologic examinations in the 
Ophthalmology Clinic of the University of Medicine 
and Pharmacy and in an outpatient ophthalmology 
clinic in Cluj-Napoca. Demographical, clinical, 
laboratory, imagery, histological and therapeutical 
data were recorded in a table using the Microsoft 
Excel 2003 software.

We classified the patients according to the 
symptoms which led to the diagnosis in: hepatic 
(overt manifestations of chronic hepatitis or cir-
rhosis, elevated transaminases on occasionally 
analyses), neurological and screening (found after 
diagnosis in a relative). According to the therapeutic 
regimen we classified the patients in: Zn+D-Pen 
(treated with the association of Zinc sulphate and 
D-Penicillamine) and Zn (treated only with Zinc 
sulphate).

The date of the beginning of the treatment was 
recorded, as well as the date of discontinuation of 
medication or the date of the last examination, 
allowing us to calculate the duration of treatment.

We defined the date of hepatic amelioration as 
the date of the follow-up visit when normalization 
of ASAT, ALAT was noted in patients previously 
displaying abnormal values. Using this date and the 
date of the beginning of the treatment we defined 
the time to hepatic amelioration. Similarly we de-
fined the time to neurological amelioration as the 
period of time in which the medication induced the 
disappearance of at least one neurological symptom 
previously present (the recorded symptoms were: 
extrapyramidal rigidity, choreic movements, disar-
thria, disphagia, micrographia, drooling, vegetative 
troubles and psychiatric symptoms). We also defined 

two more parameters, important in our opinion: 1. 
the time to neurological or hepatic amelioration 
(if at least one of the two conditions is fulfilled; it 
marks the beginning of the amelioration, i.e. the 
beginning of the efficiency of the pharmacotherapy, 
not taking into account whether the hepatic or the 
neurological amelioration comes first); 2. the time 
to neurological and hepatic amelioration (when 
both conditions are fulfilled; it marks the complete 
amelioration through treatment).

The correlations were investigated using Mann-
Whitney, T-test (chi-square) and Spearman correla-
tion. For the statistical analysis we used the SPSS 
14 software.

We preferred to use the decimal system for time: 
0.1 years = 1.2 months ≈ 36 days. We considered 
easier to read periods of time expressed thus than 
expressed in years and months. These values were 
automatically calculated by the Excel software as 
the difference between two calendar dates divided 
by 365.

Results 

The medical documents of 16 WD patients 
consulted or hospitalized during the period april 
2005-june 2010 in the Pediatric Clinic II or in the 
Medical Clinic V in Cluj-Napoca were reviewed and 
analysed. The sex ratio was 1 (8 F, 8 M) with ages 
ranging from 5 to 38 years old (with an average of 
14.9 years and a mean of 13.5 years). The onset of 
the disease (the diagnostic modality) was hepatic for 
8 patients (50%), neurological for 3 patients (18.75%) 
and 5 patients (31.25%) were diagnosed through a 
family screening due to clinical manifestation of 
the disease in a relative. These clinical data can be 
seen in details in the table I.

All the 16 patients were treated by Zinc sulphate 
and 9 of them received also D-Penicillamine. Data 
concerning the doses and duration of treatment are 
displayed in the table II.

We calculated the time to neurological amelio-
ration, the time to hepatic amelioration, the time 
to neurological or hepatic amelioration and the 
time to neurological and hepatic amelioration as 
explained above (Materials and methods). These 
data are visible in the table III.

By analyzing the data in these three tables we 
tried to find differences in the use of D-Penicillamine 
related with certain clinical parameters at baseline 
(which could induce a bias in the follow-up period, 
obscuring the true effects of the therapy). We found 
no difference concerning the use of D-Penicillamine 
in relation with the age of the patients (p = 0.832) 
and with their sex (p = 1.00). Neither there was any 
difference in treating by D-Penicillamine the patients 
diagnosed through family screening (p = 1.00).
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Patient 
number

Sex 
M=0, 
F=1

Age at first 
consultation 

(years)

Body mass at 
first consul-
tation (kg)

Onset/ 
diagnosis 
modality

Hepatic 
manifestations 

yes=1, no=0

Neurological 
manifestations 

yes=1, no=0

1 1 14 65 hepatic 1 0
2 0 17 79 screening 1 0
3 1 5 17 hepatic 1 0
4 1 11 Not available hepatic 1 0
5 1 11 34 screening 1 0
6 0 9 25 hepatic 1 0
7 0 16 64 screening 1 0
8 0 12 56.5 hepatic 1 0
9 0 8 32 screening 1 0

10 1 9 31 screening 1 1
11 0 14 65 hepatic 1 1
12 0 13 61 hepatic 1 0
13 1 15 65 hepatic 1 1
14 0 14 45 neurological 0 1
15 1 38 58 neurological 0 1
16 1 32 64 neurological 1 1

Patient 
number

Body mass 
at first 
consul-

tation (kg)

D-Pen 
yes=1, 
no=0

Dose of 
D-Pen 
(mg)

Dose of 
D-Pen 

(mg/kg)

Duration 
of D-Pen 
treatment 

(years)

Dose 
of Zinc 

(mg)

Dose of zinc 
(mg/kg)

Duration 
of Zn 

treatment 
(years)

1 65 0 * * * 75 1.153846 0.589041
2 79 0 * * * 150 1.898734 0.249315
3 17 0 * * * 50 2.941176 0.019178
4 N/A 0 * * * 75 & 5.279452
5 34 1 500 14.70588 0.252055 75 2.205882 4.087671
6 25 1 750 30 1.863014 60 2.4 1.49589
7 64 0 * * * 60 0.9375 0.536986
8 56.5 1 500 8.849558 3.29863 150 2.654867 4
9 32 1 500 15.625 1.928767 75 2.34375 4

10 31 1 500 16.12903 0 75 2.419355 0.512329
11 65 1 500 7.692308 0.605479 75 1.153846 0.509589
12 61 0 * * * 150 2.459016 0.134247
13 65 1 1000 15.38462 3.115068 70 1.076923 2.254795
14 45 0 * * * 100 2.222222 0.816438
15 58 1 750 12.93103 3.320548 50 0.862069 3.320548
16 64 1 1250 19.53125 0.665753 150 2.34375 0.665753

Table I. Clinical data concerning the 16 Wilson’s disease patients

Table II. Therapeutic data concerning the 16 Wilson’s disease patients

Legend: D-Pen = D-Penicillamine; Zn = Zinc sulphate; mg/kg = mg of medicine/kg of body mass; 
* = the data in these cells do not exist as these patients were not receiving D-Penicillamine; & = 
the dose of Zinc/kg of body mass impossible to calculate (body mass not found in the patient’s 
chart)

We analyzed the 14 patients showing hepatic 
abnormalities and found out that neither the dose 
of Zinc sulphate/kg of body mass (p = 0.117) nor 
the use of D-penicilamine (p = 0.110) did cor-
relate significantly with the hepatic amelioration 
(regarded as a binary variable). The time to hepatic 
amelioration (a continuous variable) did not cor-
relate significantly either with the dose of Zinc/kg 

(p = 0.469) or with the use of D-Penicillamine (p = 
0.156). The 8 patients showing hepatic abnormalities 
and treated with D-Penicillamine were analyzed  
separately concerning the relation between the dose 
of D-Penicillamine/kg and the hepatic amelioration, 
but we found no statistically significant difference 
(p = 0.439).

The only true difference we were able to establish 

V. Militaru et al.



Therapeutics, Pharmacology and Clinical Toxicology38

D-Pen + Zn in Wilson’s Disease

was between the time to hepatic and the neuro-
logical amelioration of the patients treated with 
D-Penicillamine and Zinc vs. the patients treated 
by Zinc alone (p = 0.023). There was also a differ-
ence concerning the time to hepatic or neurological 
amelioration, but it did not reach the threshold of 
statistical significance (p = 0.153). These results 
were obtained in the whole group of patients. In 
the patients treated by the association of the two 
drugs there was no difference in the time to he-
patic and/or neurological amelioration in relation 
with the dose of D-Penicilamine/kg (p = 0.668 and 
respectively 0.70).

In our group the only adverse effect recorded 
for D-Penicillamine was mild thrombocytopenia, 
leading to dose reduction (patient No. 8), but not 
to discontinuation of the drug. Zinc sulphate caused 
epigastralgies in 3 patients, in 2 of them associated 
with nausea (bearable if the drug was taken during 
the meal).
Discussion 

The first modern drug used in the treatment of 
WD was D-Penicillamine, but at the price of many 
toxic effects [5, 6, 7, 8, 9]. Since the discovery of 
the treatment by Zinc, it has become the treatment 
of choice in less severe cases and in the patients 
with mainly neurological presentation. It has a 
better safety profile, causing only gastric irritation 
[10]. Linn et al. (Hepatology 2009) proved on 17 

cases of WD that Zinc alone is safe an efficient in 
inducing copper elimination for the neurological 
patients, but it is less efficient for those displaying 
mainly hepatic abnormalities [11].

We noted a tendency of the physicians to avoid 
the use of D-penicillamine, especially in younger 
patients and children, fearing its adverse effects. 
The purpose of our article was to recovery the use 
of D-Penicillamine by proving it’s efficiency and 
safety. Our results are concordant with the litera-
ture concerning the adverse effects of Zinc, but are 
rather reassuring regarding D-Penicillamine’s ones.

There is little consensus in evaluating quanti-
tatively the therapeutic efficiency. Generally the 
authors tend to measure the copper elimination, 
but there is no description of a quantification of 
the clinical effect itself (i.e. hepatic and/or neuro-
logic amelioration). We found 2 ways to do this, 
conferring originality to our work: by assessing 
the occurrence of the hepatic and/or neurological 
amelioration and by measuring the period of time 
required for that effect to produce. We obtained 
statistical significance for the association of D-
Penicillamine and Zinc vs. Zinc alone in shortening 
the time to hepatic and neurological amelioration. 
For the others parameters tested we did not reach 
the statistical significance threshold, though there 
were differences, We think that a greater number 
of patients could have helped to overcome this 
obstacle.

Patient 
number

Hepatic 
manifestations 

yes=1, no=0

Hepatic 
amelioration 
yes=1, no=0

Time to 
hepatic 

amelioration 
(years) 

Neurological 
manifestations 

yes=1, no=0

Neurological 
amelioration 
yes=1, no=0

Time to 
neurological 
amelioration 

(years)
1 1 1 0.45479452 0 * *
2 1 1 0.11506849 0 * *
3 1 0 0.01917808 0 * *
4 1 0 1.20821918 0 * *
5 1 1 4.08493151 0 * *
6 1 1 0.63835616 0 * *
7 1 1 0.5369863 0 * *
8 1 1 0.94246575 0 * *
9 1 1 1.23013699 0 * *

10 1 1 0.09315068 1 1 0.51232877
11 1 1 0.09041096 1 1 0.25753425
12 1 0 0.13424658 0 * *
13 1 1 1.49315068 1 1 1.49315068
14 0 * * 1 1 0.5369863
15 0 * * 1 1 2.10136986
16 1 1 0.66575342 1 1 0.40547945

Table III. Data concerning the outcome of the 16 Wilson’s disease patients

Legend: * = in patients not displaying suffering of a certain organ (liver or brain) there is no 
place for the amelioration of that organ’s dysfunction; in patients No. 3, 4 and 12, even if there is 
no hepatic amelioration in the observed period the cells contain certain values (written in bold 
characters), calculated using the date of the last follow-up consultation instead of the date of the 
amelioration (more explanations in the text)



XV, Vol.15, Number 1/2011      39

We are awared of certain limitations of our study:
1.	The time to neurological and/or hepatic ame-

lioration was assessed using the date of the 
follow-up consultations, which may induce a 
certain variability. There is still no consensus 
in our country regardind the right frequency of 
the follow-up controls (it is an issue to be ad-
dressed by consensus conferences and national 
recommendations).

2.	We used for 3 patients the date of the last visit 
as the end of the interval for various reasons: for 
patient 3 the period of follow-up was too short 
to have a hepatic biochemical normalization, but 
a tendency of amelioration was noted; patient 4 
already had cirrhosis, so she ameliorated only 
partially; for the patient 12 the data were rather 
incomplete. This could have also induced a certain 
bias, quite difficult to assess.

3.	The small sample. This aspect encourages us 
to continue by enlarging our group of patients.

Conclusions

1.	The use of D-penicillamine associated with Zinc 
in the treatment of Wilson’s disease is safe.

2.	D-Pencillamine associated to Zinc induces the 
correction of hepatic and neurological abnor-
malities of Wilson’s disease patients more rapidly, 
proving a greater therapeutic efficiency than Zinc 
monotherapy.
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