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Abstract 

Potassium chloride, as a highly watersoluble model drug was embedded into wax to produce sustained release 
dosage form. Samples were coated with different core:wall ratios to control the dissolution profile. The drug release 
from coated samples was tested by the rotating paddle method of USP and the dissolution data were analyzed 
assuming different kinetic models. Increasing the quantity of coating material may modify the drug liberation which 
was demonstrated by the correlation between proportion of the embedding material and mean dissolution time. It can 
be concluded that changing the quantity of embedding material both the dissolution rate and kinetic profile can be 
controlled. 
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I. Introduction 

The embedding of a drug into lipophilic coating 
material is often applied to ensure sustained or 
slow release for a formulation containing a 
highly/freely watersoluble drug. The release mech- 
anism of the embedded drug differs from other 

* Corresponding author. 

coated formulations. The erosion and/or decom- 
position of the coating material by enzymes, H ÷ 
or body fluids precedes the contact of  body fluids 
with the solid active ingredient, thereupon the 
dissolution process starts (R~cz, 1989; Huang et 
al., 1994). 

The aim of our study was to evaluate the 
applicability and reliability of  some mathematical  
kinetic models to describe the drug release from 
non-disintegrating, lipophilic matrix systems. 
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2. Materials and methods 

2. I. Materials 

Potassium chloride of USP 23 grade was se- 
lected as highly watersoluble model drug for core 
material. The studied coating material was the 
white beeswax (melting range of 62-65°C) pur- 
chased from the Fluka Chemie AG (Buchs, 
Switzerland). 

All other chemicals--such as those used for 
preparation of the artificial gastric juice for the 
dissolution test--were of analytical grade. 

2.2. Preparation o f  the samples 

The thermosoftening coating material in all 
cases was heated in a double jacketed vessel onto 
70°C ( + 1 °C) to ensure the reproducibility of the 
sample-preparation. The crystals of the model 
drug were mixed into the melted mass in the 
proportions as follows: 2/1; 3/1; 4/1; 5/1; 9/1; 
19/1. 

When the quantity of the embedding material 
was small, continuous stirring while cooling was 
used, resulting in individually coated drug parti- 
cles with a layer of the congealed thermosoftening 
waxy material. When the amount of wax was 
increased, the molten mass was filled into hard 
gelatine capsules before congealing to form a 
skeletal sustained release dosage form. 

2.3. In vitro dissolution studies 

The release of the model drug was studied using 
rotating paddle method of USP 23, in Pharmatest 
PTW2 dissolution-tester (Pharmatest Apparate- 
bau GmbH, Hamburg). The amount of released 
model-drug was measured continuously using a 
digital pH-meter (Radelkis OP 211/I, Budapest), 
with chloride-selective electrode (Radelkis OP-CL 
7111P type, Budapest). 

2.4. Mathematical models 

The following mathematical models were evalu- 
ated considering the dissolution profiles of the 
non-disintegrating lipophilic matrices (Blume et 
al., 1991). 

2.4.1. Zero-order model 
The drug release from the dosage form follows 

a 'steady-state release' (Ravelli and Rossi, 1995), 
running at a constant rate: 

M,/M~_ = kt 

where Mt amount of drug released at time t, 
M s the maximal amount of the released drug 
at infinite time, k is the rate constant of drug 
release. 

2.4.2. First-order model 
The drug activity within the reservoir is as- 

sumed to decline exponentially and the release 
rate is proportional to the residual activity: 

M,/M_~ = 1 - exp( - kt)  

2.4.3. Higuchi square root time model 
The most widely used model to describe drug 

release from matrices, derived from Higuchi for a 
planar matrix, however it is applicable for systems 
of different shapes too: 

M , / M ~  = kt  1/2 

2.4.4. Hixson and crowell cube-root equation 
This model describes the release from systems 

showing dissolution-rate limitation and does not 
dramatically change in shape as release proceeds 
(Sue t  al., 1994) 

(1 - M , / M ~ )  I/3 = 1 -- kt  

2.4.5. Weibull distribution 
The Weibull distribution can be assigned as a 

generalized form of the exponential function 
(Langenbucher, 1976), hence it can be widely used 
for the analysis and characterisation of drug dis- 
solution process from different dosage forms 
(Carstensen, 1977) 

M , / M ~  = 1 - {exp - [(t - t0)/r]/~} 

where t o is the lag time of the drug dissolution, r 
the mean dissolution time, when 63,2% of M:~. has 
been released, fl shape parameter of the dissolu- 
tion curve. 
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Fig. I. Influence of the drug/excipient ratio on the release of 
KCI from wax matrix. 
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Fig. 2. Dissolution of 2/1 drug/excipient ratio sample (insert 
linear trendline representing zero-order release, S.E.: _+ 3.6). 

3. Results and discussion 

The dissolution data of different drug:excipient 
ratio samples are shown in Fig. 1. Changing the 
core:wall ratio at the embedding procedure results 
in dissolution curves of manifold shapes, which 
can be characterized only with different mathe- 
matical models. The non-linear parameter estima- 
tion of the above listed model equations was 
made with the Solver function of Microsoft Excel 
5.0. 

The correlation coefficients of different kinetic 
equations are included in Table 1. and demon- 
strate that these models are suitable for describe 
the dissolution of embedded drug almost indepen- 
dently from the quantity of coating material. 
However, the characterization of the dissolution 
process of the samples with different wall thick- 
ness shows the next tendency: 
(1) The release form samples of 4/1 and 5/1 ratio 

fits mostly to the first order kinetic model. 

(2) The diffusion-controlled matrix release is 
most close to the samples of 3 /1 and 4/1 
ratio. 

(3) The 19/1 ratio sample seems to be a mass of 
individual spherical particles, like microcap- 
sules. 

At higher a amount of embedding material, 2/'1 
ratio, the cube-root law lost its applicability refer- 
ring to the significance of matrix erosion. At this 
core/wall ratio the dissolution process can be 
characterized preferably by a two-phase dissolu- 
tion kinetic. In the first phase (beginning half 
hour-period) less than 15% of drug is released 
following first order kinetic (correlation coeffi- 
cient: 0.995). In the second phase a closely con- 
stant rate of drug dissolution can be observed 
demonstrating 'zero order' or steady state release 
(Fig. 2), which is possibly followed by a uniform 
and concentration-independent absorption of the 
drug from the dosage form (Evers, 1996). 

Table 1 
Correlation coefficients of different parameters measured and estimated applied the mathematical models 

Core/wall ratio First-order model Higuchi square-root of time model Hixson-Crowell cube-root equation 

2/1 0.9858 0.9881 0.9051 
3/1 0.9911 0.9951 0.9814 
4/1 0.9961 0.9962 0.9773 
5/1 O. 998.5 0.9794 0.9823 
9/1 0.9821 0.9661 0.9898 

19/1 0.9898 0.9776 O. 9959 
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Table 2 
Characteristic parameters of RRBSW distribution 

Core/wall ratio fi' shape-parameter r d value (min) M_,, (%) Correlation coefficient 

2/I 1.1101 393.1 97.3 0.8923 
3/1 0.8099 84,1 99.1 0.9911 
4/1 0.9789 49.5 99.6 0.9964 
5/1 0.9876 27.6 100.0 0.9986 
9/1 1.2536 23.0 99.8 0.9980 

19/1 1.6189 7.8 100.0 0.9996 

The shape parameter values of the Weibull 
distribution in Table 2 refer to first order release 
(fl ~ 1) at the 4/1 and 5/1 samples, justifying the 
results of  Table 1. The fl values increased signifi- 
cantly decreasing the proportion of the lipophilic 
excipient, except the 2/1 core/wall ratio sample, 
where the existing zero order kinetic--being not a 
natural growth process--makes it inapplicable. 
The ra values are tendencially higher when the 
amount of coating is increased following exponen- 
tial regression as shown on the Fig. 3. There were 
no identified interpretable to values. 

search (Ravelli and Rossi, 1995). Except for the 
simple osmotic pump, the mechanism of drug 
dissolution usually cannot be defined uneqivocally 
(Blume et al., 1991). 

In this study some opportunities are given for 
the characterization of dissolution parameters and 
description of  drug release processes. 

Although all of the kinetic models have the 
limit of their applicability, the presence of spheri- 
cal individual particles as well as a matrix can be 
easily determined analysing of dissolution profiles 
according to the appropiate mathematical model. 

4. Conclusions 

The development of a controlled release dosage 
form has great importance in pharmaceutical re- 
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Fig. 3. The effect of drug/excipient ratio on the r d values of 
the RRSBW distribution (exponential regression). 
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