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Hydrophobic zinc sulphate wax matrices with different
drug loadings were prepared for the individual hospital
therapy of Wilson’s disease. The drug release parame-
ters, scanning electron microscopy (SEM) and energy
dispersive X-ray spectroscopy (EDS) of the samples
were analysed. The release mechanisms from matrices
of 75% and 80%w/w zinc sulphate loadings were de-
scribed with good correlation by the semi-empirical Fik-
kian diffusion based release model. Besides the zinc
sulphate diffusion through the pores of the wax matri-
ces, the parallel diffusion of zinc sulphate from the ma-
trix surface is dominant in the case of samples of 83%
and 90%w/w drug loadings. The combination of SEM
and EDS analysis visualizes the morphology of the ma-
trices and the related composition thus explaining the
differences in the release characteristics.

Wilson’s disease is a genetic disorder of copper transport
resulting in the accumulation of copper in organs such as
the liver and the brain, which leads to progressive hepatic
and neurological damage (Sarkar 2000). Zinc application
is now the recommended therapy for long-term manage-
ment of this disease (Brewer 2000). Zinc has shown clin-
ical efficacy at doses of 50 mg three times daily in the
stimulation of metallothionein synthesis and reduction of
copper absorption. The mean plasma elimination half-lives
of most highly water soluble drugs, like zinc sulphate, are
relatively short (2–4.5 h), which necessitates several appli-
cations a day (Khan 1995). Long-acting sustained and
controlled release preparations make a once-a-day dose
treatment possible. Waxy-type excipients were success-
fully applied as release-controlling agents (Dredan et al.
1998). The aim of the present study was to formulate zinc
sulphate sustained release matrices for the individual treat-
ment of Wilson’s disease and to evaluate the release char-
acteristics and the related morphology.
Along with the increase of the proportion of the wax ma-
trix base in the samples, the rates of drug release de-
creased. The nonlinear parameter estimation of the release
model applied for matrices, described by eq. (1), was
made with the Solver function of the computer package
Microsoft Excel 5.0. The Table summarises the values of
K, n and MDT obtained for the drug release profiles from
each zinc sulphate matrix. As it was expected, along with
the increase of the matrix base of samples, the MDT va-
lues were also increased. The n < 0.5 values refer to the
combined mechanism of drug release, thus parallel diffu-
sion occurs through the hydrophobic pores and from the
surface of the matrices. Preceding the release of the zinc
sulphate through the pores of the matrices, the zinc sul-
phate from the matrix surface can be dissolved into the
dissolution medium. The zinc sulphate dissolution from
the matrix surface is more dominant in the case of sam-
ples of 83% and 90% drug loadings. The low correlation
coefficients ðr283:3% ¼ 0:8678; r290% ¼ 0:8552Þ between the
measured release data and those calculated by eq. (1) can
be explained by the diffusion mechanism of the salt from
the wax surface. In the case of 66% drug loading, the
higher amount of matrix base decreased the total porosity
of the matrix, thus less than 30% of the embedded salt

SHORT COMMUNICATIONS

Pharmazie 59 (2004) 4 327

Fig.:
(a) Scanning electron microscopic photo (magnification:
1000x) and (b) EDX spectra of the matrix surface of 83.3%w/w
zinc sulphate loading



could be released after 12 h. The zinc sulphate release
from matrices of 75% and 80% drug loadings can
be described with good correlation ðr275% ¼ 0:9972;
r280% ¼ 0:9933Þ by the semi-empirical model commonly
applied for matrices (eq.1). To interpret the difference in
drug release characteristics, the morphology and the re-
lated composition of various matrices were carried out.
The SEM photo (Fig. a) demonstrates the surfaces of ma-
trices of 83% drug loading containing zinc sulphate with-
out being embedded into the wax matrix base. The mor-
phology of the matrices of 90% drug loading was very
similar. The results of energy-dispersive X-ray spectro-
scopy confirmed the co-location of zinc sulphate at the
matrix surface, the absence of C of the EDX spectra
(Fig. b) refers to the lack of organic matrix base around
the zinc sulphate crystals. The diffusion-controlled matrix
release is most close to the samples of 75% and 80% zinc
sulphate loadings.

Experimental

Zinc sulphate of Ph.Eur. 4 ðMw ¼ 287:5Þ was used. The chosen matrix
base material was white beeswax (melting range of 62–65 �C, Ph.Eur.4).
To prevent the sedimentation of the zinc sulphate, 5%w/w glycerol mono-
stearate 40–55 (Ph.Eur. 4) was added to the matrix base. The thermosof-
tening matrix material in all cases was heated in a double jacketed vessel
mixer (Erweka SG 3/W, Erweka, Germany) to 70 � 1 �C. The zinc sul-
phate crystals were mixed into the molten mass to obtain the following
drug loadings: 67%, 75%, 80%, 83%, 90%w/w. The molten mass was
filled into hard gelatine capsules before congealing to form a skeletal sus-
tained release dosage form. For the determination of dissolution profiles of
the samples, the paddle method of USP23 at 100 rpm was used (Erweka
DT 6RE, Germany). The study was conducted in 200 ml of pH ¼ 6.8
phosphate buffer solution at 37 �C. Sampling times were the following: 5,
10, 20, 30, 60, 120, 240, 480, 720 min. The dissolved zinc sulphate con-
centrations were measured by complexometric titration according to the
Ph. Eur. Monograph. Dissolution data were analysed using the equation
proposed by Ritger and Peppas (1987) to describe the mechanism of drug
release from matrices.

Mt=M1 ¼ Ktn ð1Þ

where Mt corresponds to the amount of drug released in time t, M1 is
the total amount of drug that must be released at infinite time, K is the
release rate constant and n is the release exponent indicating the type of
drug release mechanism. The model-independent mean dissolution time
(MDT) was calculated as follows (Rao et al. 2003):

MDT ¼ n=½ðnþ 1Þ ðKð1=nÞÞ� ð2Þ

The surface characteristics of matrices were examined by means of a scanning
electron microscope (Philips XL 30, The Netherlands). The specimens were
mounted to aluminium stubs with double adhesive tape. To reduce the char-
ging, the specimens were vacuum coated with gold. Examination was carried
out at 12 kV and 25 kV accelerating voltage and 100–1000 times magnifica-
tions were used. Magnifications of scanning electron microscopic images are
measured by the micrometer-line on the pictures; the accuracy of these magni-
fications was �2%. Samples for the energy-dispersive spectroscopic (EDAX)
investigations were in their original (not cleaned) form. Accuracy of EDS-
investigations –– in the lack of pure element standards –– is assumed to be
�2% in the concentration range of 10–20%, while it is assumed to be �0.3%
in the range below 1%. Sensitivity of EDS-measurements is about 0.2–0.3%.
Chemical analysis results are therefore qualitative ones.
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Table: Analysis of release data (eq. 2) from zinc sulphate ma-
trices of different drug loadings

Drug loading
(%w/w)

K � 100 hn n MDT (h) Correlation
coefficient

66.7 4.81 (�0.21) 0.45 (�0.02) 4.27 (�0.31) 0.9777
75.0 4.40 (�0.17) 0.48 (�0.02) 3.44 (�0.16) 0.9972
80.0 4.23 (�0.12) 0.50 (�0.02) 3.22 (�0.15) 0.9933
83.3 18.03 (�0.68) 0.29 (�0.01) 1.45 (�0.09) 0.8678
90.0 37.69 (�0.95) 0.17 (�0.01) 0.74 (�0.05) 0.8552


