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Introduction and Aims

Despite its considerable difficulty, its increasing importance in
paediatrics and the ever stricter requirements of the drug
authorities, the subdivision of scored tablets is a poorly studied
field. Only a few investigations of the production of scored tablets
from technological aspects are to be found in the literature. Most of
the articles deal with scored tablets from a clinical point of view. The
results show that, although there are studies, which concludes, that
tablets with score lines can be split safely, most patients have
problems with the breaking of the marketed products. Some of
these problems can be corrected through appropriate training of the
patients and scored tablets have their therapeutic and economic
advantages, but the improvement of breakability remains
important, as this in the only way to ensure the uniformity of

dosing, especially in the case of modified release dosage forms.

The aims of my studies were as follows:

Primary aim: The in silico modelling of the compression of scored
tablets, for prediction of the postcompressional properties, and
especially the subdivision of the products, with the help of artificial
neural networks (ANNs).

Secondary aims: The determination of the best predictable neural
model necessitated a better understanding of the effects of material

behaviour, and the settings of the tablet presses.
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The relationship between the structure and the breaking properties

of tablets also formed an important part of the study.

Methods and materials

Drotaverine HCl was used as model API, microcrystalline cellulose
(Vivapur 102, JRS Pharma, Germany) was applied as dry binder, and
two filler materials spray dried mannitol (Pearlitol SD 200, Roquette
Pharma, France) and agglomerated lactose (Tablettose, Meggle
Pharma, Germany) was used in the experiments.

Korsch EKO (E. Korsch Maschienenfabrik, Germany) eccentric and a
Ronchi AM8S (Officine Meccanice F.lli Ronchi, Italy) rotary tablet
press mounted with strain gauges were applied for tablet
compression, with flat with a bisecting line.

For measurement of the force required to break the tablets into
halves, a laboratory-constructed hardness tester was utilized, with
three-bend tablet hardness testing.

The modelling was done with the Neural Network module of the
StatSoft Statistica 6.1 software (StatSoft Inc., Tulsa, Oklahoma, USA).
The prediction performances of the different models were
compared with the non-parametric Kruskal-Wallis test, with the use
of post-hoc comparisons. The statistical analysis was performed

with the StatSoft Statistica 8 software.



Results and discussion

In the first step of the study, Samples binary mixtures of
microcrystalline cellulose and spray-dried mannitol were
compressed with eccentric press at 3 compression forces.
Parameters which describe the compression process (elastic
recovery, plasticity, friction work and lubrication coefficient) were
recorded in the case of each compressed tablet. The changes in
these parameters and some postcompressional properties, such as
hardness, density or tendency to accurate halving, were studied
with ANNs. The observed vs. predicted correlation coefficients were
used to select the best type and structure of the possible ANNs.
Four type of ANNs were studied linear model was used as reference,
and compared with the predictive ability of radial basis function
(RBF) networks, generalized regression neural networks (GRNN),
and multilayer perceptrons (MLP). Linear and GRNN models
established inappropriate predictions for output parameters. RBF
networks and MLPs provided statistically significant better results,
based on nonparametric Kruskal-Wallis test. Despite the good
correlations, the usefulness of the developed model is strongly
limited, because of the poor descriptive power of the selected input
parameters. The lack of the appropriate characteristics of the
applied materials and the inappropriate description of the

compression process caused the dramatic decrease in the accuracy
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. The applied mathematical models facilitate an
understanding of the differences between eccentric and rotary
presses, which simplifies data transfer between the different tablet
presses. The understanding of the structural differences between
the tablets with various properties can lead to a significant
improvement in the breaking accuracy and reliability of the
marketed products.

. The recognition of the importance of the surface properties
of materials in the field of direct compression contributes to the
description of the behaviour of the materials during compression,
and to predictability of the postcompressional tablet properties.
However, an exact description as to how the properties of the
components determine the properties of a binary or higher order

mixture requires further investigations.
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of the predictions when we added other materials with the mixtures
or compressed them on different tablet presses.

The next step of the study was a deeper investigation and
comparison of the compression mechanism on eccentric and rotary
tablet presses. The primary aim of this work was to find and quantify
the differences between the characteristic parameters of the
different tablet presses, which have significant effects on the
properties of the tablets. We used the models of Walker, Heckel and
Kawakita to describe the powder densification, and sought
relationships with the halving properties of the tablets. The results
calculated from Walker and Kawakita equations suggested a
considerable difference in the energy consumption during the
compression of the different mixtures. The lower energy
consumption suppose a smooth compression, resulted in tablet
structure free from defects, resulted in appropriate breaking of the
tablets. The models of Walker and Kawakita describe these
processes well and furnish a better prediction of the halving
properties. In contrast, the Heckel model does not give such
unanimous results and should be utilized with caution. Another
conclusion, that considerable difference was visible between the
results of the eccentric and rotary press, which certified that the
eccentric presses cause two-three times higher stress on the
compacted powder. Because of the breaking result depends mainly
on the hardness of the tablets it could be an important descriptor in

the neural modelling. However, the breaking is additionally
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influenced by the internal structure of the tablets. To support the
above-mentioned consequences and to clarify the reasons for the
differences in mechanical behaviour of tablets prepared with
different tablet presses, the texture of some of the compressed
tablets was studied by X-ray microtomography.

It was clearly visible that, despite the differences in the
physicochemical parameters the investigated tablets appeared to
have essentially similar structures. Their density increases from the
centre to the edges, which is a result of the radial movement of the
particles. However, in spite of these similarities, the microstructures
of the samples reveal important differences. Tablets with high
porosity, exhibits poor breaking properties, because of the rich pore
network allows breaking in many ways, which usually results in a
rough breaking surface susceptible to crumbling. Less porous tablets
reveal better breaking properties when the low density area under
the score line is associated with the vertically rearranged particles.
Otherwise, such in the case of the tablets prepared with the rotary
press the bidirectional compression force, or the tilting of the
punches results in an oblique pore structure, which leads to
breaking into unequal halves.

As it was mentioned structural defects caused by the extensive
friction or elastic recovery after compression, have a significant
influence to the breaking properties. This makes the
characterisation of the behaviour of the applied powder mixtures

necessary. Materials with higher surface free energy show high
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J The type of the tablet press is also of appreciable
importance not only because of the compression time differences,
but the direction of action exert a significant influence on the
rearrangement of the particles and the lines of the forces. These
effects could be investigated well by means of computer

microtomography.

Practical usefulness

J The in silico modelling of the production processes is of
ever greater importance in the pharmaceutical industry. The
increasing time and costs of the development of a new drug, and
the increasing strictness of the drug authorities, necessitates the
deep planning and the use of cost saving methods.

. The ICH Q8 guideline requires the demonstration of “an
enhanced knowledge of product performance over a range of
material attributes, manufacturing process options and process
parameters”, which can be supported with the developed neural
model.

J Furthermore, this model is able to predict the probable
postcompressional  properties of scored tablets, from
preformulation data on the applied powder mixtures, which is a

useful tool in the reduction of the number of required experiments.
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taken into account for the development of a universally functioning
neural network.

. The adhesion and friction to the die wall, and the elastic
recovery are perhaps the most important physical phenomena in
respect of the postcompressional properties of the tablets. The
adhesion work influences both the flow properties/die filling and the
friction work during the ejection of the tablet. This parameter could
be calculated from the surface free energy of the materials or
mixtures. However, prediction of the surface energy of the powder
mixtures from the parameters of the mixed components is a very
complex problem. Besides the adhesion force and the spreading
coefficient, the size and shape of the particles have significantly
influence the arrangement in the mixture, which will determine the
overall behaviour during compression. The exact description of
these relationships requires further investigations.

. The plasticity of the different materials shows a certain
dependency on the compression force. If this dependence is
considerable, the hardness-compression force functions will be
curved, and the prediction of the postcompressional properties will
be more difficult.

. The applied compression force probably has the most
significant effect on the postcomprompressional properties of the
tablets. However, the effective load has other components, such as
the time of compression, as suggested by the results of the

mathematical models of compression.
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adhesion to the stainless steel parts of the tablet presses. This will
influence both the filling of the die and the friction during the
ejection of the tablet. The high adhesion will hinder the free flow of
the materials, and cause serious problems during compression.
These materials or mixtures can not be compressed at low
compression forces, because the adhesion to the punches is greater
than the interparticulate binding forces, and the tablets show strong
lamination and capping. Nevertheless, these problems can be
corrected by the addition of lubricants. However, it should be used
with cautions, because they can change compression force
dependency of the plastic-elastic behaviour of other materials and
mixtures. A decreasing value of the plasticity indicates the
increasing resistance of the materials against the increasing load.
The increasing slope of the plasticity-compression force functions or
turning into a power curve, which means a greater decrease in
plasticity at lower compression forces will influence the
postcompressional properties. When the compression force
dependency is low, the hardness of the tablets exhibits a linear
increment with increasing compression force. In contrast, materials
with a higher compression force dependence demonstrate a non-
linear increment in tablet hardness or in extreme cases, the
hardness of the tablets can decrease above a given compression
force, because of the extremely high elastic recovery, and the
breaking up of the interparticulate bonding. Based on the results of

the above-mentioned studies, a new neural model was developed.
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The results suggested that besides the applied compression force,
the time of compression and the type of tablet press are also
important parameters. For characterization of the applied materials,
the surface free energy, the polarity index, and the slope and
intercept of the plasticity function should be appropriate
parameters. Because of the difficulties in the modelling of the
behaviour of complex systems, the properties of the compressed
mixtures were used for the training of the new model. However, the
external validation tests showed very poor predictive force. The
system made no differentiation between tablets prepared at
different compression forces; only the change between samples was
visible. The application of less information in such a complex model
should be avoided, so combination of the different parameters
appeared be more advantageous. The surface free energy and
polarity index of the materials were replaced with the calculated
adhesion force against stainless steel, while the slope and intercept
of the plasticity function were replaced by the calculated plasticity
value corresponding to the applied compression force.

The results of the internal testing demonstrated appropriate
observed vs. predicted correlation coefficients However, the
extrapolated data were considerably overestimated and displayed
negative correlation. The developed ANN seems to be an
appropriate model for prediction of the postcompressional
properties of scored tablets, even despite the poorer correlations of

extrapolated data. The difference between results of interpolated
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and extrapolated data suggests that these problems can be easily
solved by increasing and widening of the training data set. However,

this requires a large number of further experiments.

Major conclusions:

. The artificial neural network is a useful modelling technique
in pharmaceutical research and development. The Multilayer
Perceptron seems to be the best type of neural network because of
its high flexibility.

. Gradient-based algorithms show an inappropriate learning
performance as compared with back-propagation-based algorithms,
but the combination of the two types could result in a significant
improvement in the predicted data. Improved back-propagation
algorithms, such as quick-propagation or Delta-bar-Delta, displays
faster convergence to the minimum error, but the faster working
sometimes results in less accuracy.

° Care must be taken as concerns the selection of the data
for the input data set: unbalanced data can cause serious problems
in the functioning of the neural networks, which can lead to
inappropriate predictions.

. Numerous physicochemical properties of the applied

materials and operational parameters of the tablet press must be



