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SUMMARY 

Miniaturization is a tendency which was already well implemented in the industrial world 

(e.g. electronic industry) and gradually found its way to the pharmaceutical field. Especially 

in the early stage of drug development there is a large need for miniaturized screening -and 

production methods, since only low amounts of drug are available at that stage of 

development. This thesis anticipates on this ‘need’ by developing a protocol that combines the 

screening for optimal drug-polymer combinations with the miniaturization of solid dispersion 

manufacturing techniques.  

 

The use of solubility parameters was considered as screening method for drug-polymer 

combinations with high probability of stabilizing interactions. Promising combinations were 

selected and used for producing solid dispersions by several methods. Preliminary stability 

studies revealed that the use of solubility parameters could be justified as screening tool for 

selecting optimal drug-polymer combinations in the solid dispersion manufacturing.  

 

In general, solid dispersion preparation techniques can be classified in ‘solvent methods’ and 

‘fusion methods’. Main examples for both are respectively spray-drying and extrusion. These 

techniques are time -and resource consuming, therefore they do not fit in the idea of 

miniaturization. The use of well plates and film casting in the production of solid dispersion 

was evaluated as model for spray drying, while the usage of hot stage microscopy was 

investigated as potential miniaturized extrusion process.  

 

Supplementary to the manufacturing process, the obtained formulations were characterized by 

different techniques (polarized light microscopy, DSC, XRPD, dissolution tests). These 

methods provided a powerful data set for assessment of the stability and specific properties of 

the prepared formulations.  

 

It could be concluded that the above-mentioned techniques have a great potential as 

miniaturized screening methods in the development of solid dispersion. Finally, based on the 

results, a protocol was proposed for solid dispersion manufacturing and formulation screening 

on miniaturized level.  

 

 

 



SAMENVATTING 

De trend voor miniaturisering was reeds welgekend in de industriële wereld (e.g. elektronica), 

maar heeft zich in de loop van de jaren weten uitbreiden naar onder meer het farmaceutische 

veld. Vooral gedurende de vroegtijdige onderzoeksfases is de nood aan geminiaturiseerde 

screeningmethodes en productietechnieken op kleine schaal hoog, aangezien in die fases vaak 

slechts kleine hoeveelheden aan geneesmiddel beschikbaar zijn. Deze thesis anticipeert hierop 

door de ontwikkeling van een protocol dat het screenen naar optimale drug -polymeer 

combinaties verzoent met een duidelijke miniaturisering in de solid dispersion 

bereidingstechnieken.   

 

Het gebruik van solubility parameters werd overwogen als methode voor het screenen naar 

drug –polymeer combinaties die grote neiging hebben tot stabiliserende interacties. 

Veelbelovende combinaties werden geselecteerd op basis van deze parameters om te 

verwerken tot de uiteindelijke geneesmiddelvorm. Korte termijn stabiliteit analyses toonden 

aan dat het gebruik van solubility parameters een potentieel nuttige toepassing kan hebben in 

het screenen naar optimale drug -polymeer combinaties voor solid dispersion -vervaardiging.  

 

De productietechnieken voor deze toedieningsvormen kunnen algemeen ingedeeld worden in 

solvent methods en fusion methods. Typevoorbeelden voor beiden zijn respectievelijk spray 

drying en extrusie. Deze technieken zijn echter tijdrovend en verbruiken veel grondstoffen 

waardoor ze niet passen in het kader van miniaturisatie. De mogelijkheid tot productie van 

solid dispersions in microtiter platen en via film casting  werd nagegaan als model voor spray 

drying, terwijl het gebruik van hot stage microscopy werd geëvalueerd als geminiaturiseerd 

extrusie proces.  

 

Aanvullend op dit vervaardigen werden de bekomen films ook gekarakteriseerd via 

verschillende technieken (gepolariseerd licht microscopie, DSC, XRPD, dissolutie testen). 

Deze technieken maakten het mogelijk om een krachtige dataset te verzamelen voor het 

nagaan van de specifieke eigenschappen en stabiliteit van deze films.  

 

Er kan worden geconcludeerd dat bovenvermelde technieken een groot potentieel hebben als 

screeningmethodes voor solid dispersions in het kader van miniaturisatie. Uiteindelijk kon er 

een protocol opgesteld worden voor het vervaardigen en screenen van solid dispersions, 

beiden op geminiaturiseerd niveau.  
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1 INTRODUCTION 

1.1 GENERAL TERMS  

Due to the application of high throughput screening and medicinal chemistry as drug selection 

procedures, many of the potential new drugs have a higher affinity and selectivity for their 

target. This favorable outcome carries also an important downside. In the last few decades, 

there has been a significant increase in the number of new chemical entities which are poorly 

soluble in the aqueous body fluids. This holds risks for bioavailability related problems, as 

drug uptake by the diffusion process can only occur for substances that are dissolved in the 

body fluids (Janssens and Van den Mooter, 2009).  

 

A Biopharmaceutical Classification System (Amidon et al., 1995) has been developed to rank 

drugs by their solubility and permeation properties. The BCS has earned itself a prominent 

role in pharmaceutical research, as it proposes a basis for in vitro-in vivo correlation of drug 

solubility and permeation. Hence, it allows to make estimations about the bioavailability of 

the API. Many NCE’s are classified as class II or class IV drugs. Low aqueous solubility are a 

major concern for these kind of drugs. This low solubility can often be attributed to specific 

material properties, as Lipinski has described before (Reitz et al., 2013). 

    

In 1997, Lipinsky introduced a simple theoretical approach to estimate the absorption or 

permeation properties of a chemical entity. A drug candidate is likely to have low aqueous 

solubility if the component meets the following criteria: more than 5 H-bond donors, more 

than 10 H-bond acceptors, a molecular weight of more than 500 g/mol and a log P more than 

5 (Lipinski et al., 1997).  

 

Pharmaceutical research groups have found themselves a challenging opponent in this class of 

drugs, seeking how to combine the advantages of the more selective molecules with 

technologies for improving the bioavailability of this poorly soluble drugs.  
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1.2 ENHANCEMENT OF SOLUBILITY AND DISSOLUTION RATE 

With regard to the patients’ compliance, the oral route remains one of the most convenient 

methods for drug administration. In the last decades, many pharmaceutical research groups 

therefore focused on improving the (oral) bioavailability of poorly soluble drugs.  

Dosage form disintegration, dissolution of the API and permeation through the GI membranes 

are the three critical steps in the absorption process.  

Poorly soluble drugs often show a dissolution rate limited absorption, while drugs with poor 

membrane permeability exhibit a permeation rate limited absorption. Enhancement of the oral 

bioavailability has therefore two main areas to focus on. The first one includes improving the 

solubility and dissolution rate of poorly soluble compounds while the second area wants to 

enhance the permeability of poorly penetrating drugs (Dhirendra et al., 2009).  

 

As most of the NCEs are classified as Class II drugs , this work will focus on drug solubility 

and dissolution rate. 

 

A relation between solubility and dissolution rate was made by Noyes and Whitney in 1897 

(Noyes and Whitney, 1897), and modified by Brunner (Brunner, 1904) and Nernst (Nernst, 

1904) in 1904. 

                  
  

  
 

         

 
                 

(Equation 1.1) 

EQUATION 1.1 – NERNST-BRUNNER EQUATION: Where dM/dt is the dissolution rate, A is the 

surface area of the particle, D is the diffusion coefficient, h is the thickness of the stagnating water-layer 

around the particle, Ct is the bulk concentration at time t while Cs is the concentration of the saturated 

solution around the particle.  

 

According to Noyes and Whitney, certain approaches for increasing solubility and dissolution 

rate have been introduced such as particle size reduction. Other techniques for improving this 

steps are salt formation, prodrug design, complexation by water soluble cyclodextrines and 

pH adjustments for ionic drugs (Janssens and Van den Mooter, 2009). 

 

These methods are often used in the pharmaceutical field however most of them have some 

substantial limitations. For example, micronization does not always lead to the desired 

increase of dissolution rate as expected from the Nernst-Brunner equation.  
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Smaller particles have a higher surface energy which leads to agglomeration of the particles in 

order to reduce the total surface energy. Also, the finer powders often show poor wettability 

by water (Chiou and Riegelman, 1971).  

 

This paper will focus at one specific strategy to overcome solubility and dissolution rate 

problems, namely solid dispersions.  

1.3 SOLID DISPERSIONS 

In 1961, the first approach towards solid dispersions was made by Sekiguchi and Obi to 

reduce the particle size and thereby increase the dissolution rate. They started with a eutectic 

mixture of poorly soluble sulfathiazole with urea. Afterwards, more types of solid dispersions 

has been identified and manufactured (see table 1.1- , chapter 1.3.2).  

 

Solid dispersions can be defined as solid formulations of one or more API’s dispersed into  

an often hydrophilic carrier. Polymers are preferred as carrier material, because they have the 

ability to form a viscous, and therefore kinetically stabilizing vehiculum (Chiou and 

Riegelman, 1971).  

 

There are different ways in which the drug molecules can be dispersed in the carrier 

(crystalline structures, amorphous clusters or molecularly dispersed) and also the carrier 

molecules can arrange themselves in specific ways (crystalline lattice structures or amorphous 

matrixes). Fig 1.1 illustrates these different ways of incorporation. 

 

 

 

FIG1.1:MODES OF INCORPORATION FOR THE DRUG IN SOLID DISPERSIONS - (Dhirendra et al., 

2009). The oval structures represent drug molecules, different types of solid dispersions are listed further 

in table 1.1.).  
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1.3.1 Thermodynamics of solid dispersions  

Crystalline materials consists of lattice structures, in which the molecules are separated by 

well defined distances and held together by strong intermolecular bonds. These interactions 

contribute to the so called ‘lattice energy’, which needs to be overcome in order to break up 

these regular structures.  

 

As drugs are generally in the crystalline form when used for solid dispersion preparation, the 

manufacturing techniques have great influence on how the drug will be dispersed in the 

matrix. Manufacturing can result in molecules that are completely free of interactions with 

other identical molecules (molecularly dispersed system), or in some amorphous clusters 

which have still few, non systematically bonds between the components. 

 

These two forms need less energy for dissolution because of the absence of ‘strong’ lattice 

interactions, but they are thermodynamically less stable (higher Gibbs free energy). 

Thermodynamics can explain some stability issues that are regularly seen with several kinds 

of solid dispersions.  

Spontaneous re-crystallization from the amorphous drug form to the thermodynamically more 

stable crystalline form often occurs in certain types of solid dispersions. This transition is a 

major concern in the pharmaceutical research, as it influences the solubility and dissolution 

rate (Janssens and Van den Mooter, 2009).  

1.3.2 Differentiation of solid dispersions  

Since the first approach towards solid dispersion, many new types of solid dispersions have 

been developed as shown in table 1.1.  

TABLE 1.1: SOLID DISPERSIONS: AN OVERVIEW  -  (Dhirendra et al., 2009)  

Type solid Dispersion    Carrier    Drugs Phases 

I Eutectic Mixture Crystalline Crystalline 2 

II Amorphous precipitations  Crystalline Amorphous 2 

III Solid Solutions Crystalline Molecular dispersed 1 

IV Glass suspensions Amorphous Crystalline 2 

V  Amorphous Amorphous 2 

VI Glass solutions Amorphous Molecular dispersed  1  

VII Solid Crystal Suspension Crystalline Particle dispersed 2 
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Eutectic mixtures can be prepared by simply melting a drug-carrier mixture (fusion method), 

followed by cooling down the co-melt to obtain a solid mass. Drug and matrix will 

simultaneously crystallize during cooling and reveal only one specific Tm (Leuner and 

Dressman, 2000).  

 

Solid Solutions (type III) have the advantage that drug molecules are molecularly dispersed 

into a crystalline matrix. Therefore, no additional energy is required during the dissolution 

process for breaking up drug-drug interactions. However, the polymer matrix is still in the 

crystalline form, so additional energy is necessary for breaking up these lattice structures.  

 

The dissolution rate of these preparations is mostly affected by the carrier’s dissolution 

properties, because the particle size of the drug has been reduced to its absolute minimum (up 

to molecular level, see fig. 1.1). When using solid dispersions, the bioavailability of the drug 

is therefore strongly affected by the selection of the carrier (Leuner and Dressman, 2000). 

 

Glass solutions can be preferred over solid solutions regarding the dissolution -rate, because 

they have amorphous polymer matrices, therefore needing less energy for breaking bonds 

between the polymer strains.  

 

Glass suspensions and glass solutions contain an amorphous carrier. Since a lot of polymers 

used for this application have amorphous properties, these solid dispersions are widely spread 

in the pharmaceutical field.  

 

Type IV glass suspensions contain drug molecules dispersed as crystalline particles in an 

amorphous carrier. The DSC -thermogram of such a mixture should reveal a Tm of the drug 

and a Tg of the carrier. Type V glass suspensions consist of drug molecules that are dispersed 

as amorphous clusters into the amorphous carrier. As mentioned before, this is a meta-stable 

condition. In case of too many amorphous clusters, re-crystallization could occur at drug-

enriched amorphous phases if drug immobilization in the carrier is not sufficient (Kolter et 

al., 2012).  
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This work will have an important focus towards a specific subtype of solid dispersions,  

namely glass solutions. The drug is molecularly dispersed into an amorphous hydrophilic 

carrier, what makes this formulations an ideal theoretical example for enhancement of the oral 

bioavailability. However, chapter 1.3.4 will point out that stability of glass solutions is a 

major concern, as the advantages of these formulations can be reduced by the crystallization 

of drugs in the system (Wyttenbach et al., 2013).  

 

1.3.3 Dissolution of a solid dispersion dosage form   

When the hydrophilic carrier of a solid solution/glassy solution dissolves in the 

gastrointestinal-tract, a supersaturated solution of the drug generally occur. These 

formulations have the tendency to form supersaturated solutions after dissolution, because the 

drug molecules are already molecularly dispersed inside the polymer matrix and the dissolved 

polymers act as solubilizers. This means that higher drug concentrations have exceeded the 

equilibrium solubility, what is defined as: “the concentration of a solution in equilibrium with 

the most stable crystalline state of the solute” (Janssens and Van den Mooter, 2009). 

 

Frequently, precipitation occurs in these metastable solutions in order to attain the equilibrium 

solubility (saturation). Hence, maintenance of the supersaturated solution is a huge challenge 

in pharmaceutical research. This stabilization can be influenced by the dissolved carrier as 

well as by biological factors. For example, some polymers stabilize the formed supersaturated 

drug solution because of their amphiphilic properties (e.g. Soluplus) (Kolter et al., 2012). 

Biological factors like bile salts and fatty acids can also act as solubilizers, and therefore 

influence this stabilization (Janssens and Van den Mooter, 2009).  

 

1.3.4 Stability issues of solid dispersions 

Decreased particle size, improved wettability by surrounding hydrophilic carriers and drug in 

amorphous/molecularly dispersed form are some of the advantages for the use of solid 

dispersions as pharmaceutical formulations. Inevitable, these dosage forms have also some 

‘bottlenecks’, especially related to the physical stability, the solubility after drug release and 

drug –polymer miscibility.  
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It is important that drug and carrier are compatible and have a certain miscibility with each 

other, in order to form homogenous solid dispersions and prevent phase separation. In 

principle, the term miscibility is used to describe the solubility of two liquids, but it can also 

be extended to other phases as solids and gases. Phase separation can be prevented by the use 

of surfactants, because it increases the compatibility between the components. The use of 

solubility parameters could be considered for this subject as a rough estimation whether the 

API and the polymer could be miscible and compatible.   

 

The study of Greenhalgh et al. gives a theoretical approach to evaluate the miscibility of 

components based on their Hansen solubility parameters. If there is a difference in the 

solubility parameters of the components (Δδ) of less than 7.0 Mpa
1/2

, they should be miscible. 

Although this estimation has a great following in literature, experimental data has much 

greater value and should always be performed in parallel (Greenhalgh et al., 1999). 

In case of molecularly dispersed drugs, the polymer matrix has a great influence on the 

stability of this formulation. Because the drug saturation solubility’s are low in many 

polymers, solid dispersion formulations often appear with oversaturated drug concentrations. 

Phase separation, cluster formation, nucleation and crystal growth will only occur if there is a 

certain mobility of the drug molecules in the carrier system (Janssens and Van den Mooter, 

2009).  

Therefore, there are two major factors that prevent these processes: (i) the viscosity of the 

carrier (kinetic stabilization) and (ii) intermolecular interactions between drug and matrix 

(thermodynamic stabilization). In general, keeping drug mobility low during preparation and 

storage should make it possible to control phase separation, and its related instability 

(Dhirendra et al., 2009). A simple rule of thumb was proposed in literature: 50 °C below the 

Tg of the amorphous solution, the molecular mobility becomes negligible, therefore 

contributing to the kinetic stabilization (Janssens and Van den Mooter, 2009). 

The crystallization process is influenced by the relative supersaturation index (σ):  

 

     σ= (C-CS)/CS               (Equation 1.2) 

 

EQUATION 1.2: RELATIVE SUPERSATURATION INDEX  - DERIVED FROM (SARODE ET AL., 

2013):  with C as the highest supersaturation concentration and CS the saturation concentration.  
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High values of σ makes the drug crystallization process occur fast, since this indicates large 

supersaturation levels what in his turn equals a highly metastable form.   

Equation 1.2 makes it clear that systems with high drug load will have more stability issues. 

Such formulations need compatible drug-polymer combinations as the key towards their 

stabilization.  

1.4 PREPARATION OF SOLID DISPERSIONS 

1.4.1 Fusion Methods 

The main idea of these methods is heating up the components above their melting or glass 

transition temperature, so mixing can be done more easily in order to become a homogeneous 

solid dispersion. Afterwards, it can be cooled (often quench cooling to inhibit crystallization) 

into a solid dosage form. One of the first applications of this method towards the preparation 

of solid dispersions was described by Sekiguchi and Obi (1961) with the melting of a physical 

mixture at the eutectic composition, followed by cooling it to an type I solid dispersion 

(Dhirendra et al., 2009). 

 

Hot Melt Extrusion (HME) is an example of a fusion method that is applicable on industrial 

level. The main advantage of this technique is that intensive mixing of the components can be 

done. The heat produced by the screw -rotation and the shear stress has a softening effect on 

the polymers, resulting in a lower viscosity of these excipients. This allows homogeneous 

mixing of the drug into the polymer (Kolter et al., 2012).  

 

The mixing properties also influence the level of dispersion. Mostly, a combination of 

dispersive and distributive mixing is used. Distributive mixing ensures homogeneously 

mixing of the API in the polymer matrix, where dispersive mixing apply more shear stress to 

breakdown any agglomerates (Kolter et al., 2012). Particles can be obtained that are small 

enough, so they may dissolve in the polymer melt during the residence time in the extruder 

(molecular dispersion). Additionally, extrusion offers the possibility of shaping the drug-

matrix mixture into a desired form, by pressing the molten mixture through a die.  

 

Polymer selection for the HME process can be made in line with the polymer properties. They 

certainly must have thermoplastic characteristics, be thermally stable at the employed 

extrusion temperatures and have a low hygroscopicity. Water can act as plasticizer, thereby 

lowering the Tg, increasing the mobility of the drug particles and enhancing crystallization.  
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Fusion methods are widely used to produce solid dispersions, but there are some limitations 

that must be kept in mind while using them. The drug and the carrier must be stable at the 

elevated extrusion temperatures in order to prevent degradation. A polymer with lower Tg 

should be chosen as carrier (or if a plasticizer is added) in order to lower the extrusion 

temperatures necessary to soften the carrier.  

 

Problems can arise when cooling down the preparation. During cooling, there can be changes 

in drug-polymer miscibility possibly resulting in phase separation (Dhirendra et al., 2009).  

The cooling process also influences the characteristics of the solid dispersion. Slow cooling 

gives the drug molecules the opportunity to gather and crystallize. Fast cooling inhibits drug 

movement, therefore lowering the chance of re-crystallization. This often results in a 

metastable system of amorphous drug clusters or molecularly dispersed but oversaturated 

drug solutions.   

1.4.2 Solvent Methods 

Some of the limitations inherent to the fusion methods can be overcome by using solvent 

methods for solid solution preparation (e.g. solid dispersion manufacturing of thermally 

instable products). The common principle of these methods is to dissolve drug and polymer in 

a common organic solvent, followed by evaporation of the solvent in order to obtain a solid 

solution (Leuner and Dressman, 2000). 

 

It is important that drug and carrier are both soluble in the used solvent. The polarities of drug 

and polymer are important factors in this aspect. Comparison of solubility parameters could 

give a first rough idea if the solvent is appropriate for this application.   

 

Another challenge of this method is how to prevent phase separation during solvent removal. 

Increasing drying temperatures speed up the evaporation process (reduced time for phase 

separation), but this would also increase the molecular mobility from drug and matrix which 

favors phase separation. Experimental research has been done in this thesis with the intention 

of finding optimal drying conditions which could be used for the solid dispersion preparation.  

 

Spray drying is a widely applied manufacturing method for solid dispersions. In this 

technique, API and the excipients are dissolved in an appropriate solvent and turned into 

powdered solids by atomizing the liquid.  
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By using hot drying air, the solvent can easily be vaporized (Walzel, 2011). The spray drying 

process is time and resource consuming, therefore it is not preferable as screening method for 

drug/polymer combinations.  

 

The possibility of having residual solvents in the final dosage form is a major concern. If there 

is still an adequate amount of solvent left in the formulation, a tertiary system appears instead 

of a favorable binary system (drug-polymer), what could lead to a more difficult interpretation 

of the characterization tests. Also, residual solvents can change the quality and performance 

of the obtained films (Wyttenbach et al., 2013). Additionally, high residual solvents hold 

toxicity risks, depending on the solvents. The European Pharmacopeia made a classification 

towards solvents, based on their toxicity risks. The formed solid dispersions are therefore 

often stored in a vacuum desiccators for removing residual solvents, in case the drying 

technique does not remove all of this solvents (Dhirendra et al., 2009).  

 

Comparison of films manufactured by the solvent and by the fusion method could maybe 

reveal an effect of residual solvents on the stability of the solid dispersion. The influence of 

residual solvents on the stability could be compared with the use of plasticizers in some 

preparations.  

 

1.5 CHARACTERIZATION OF SOLID DISPERSIONS 

1.5.1 General terms 

Techniques to differentiate between crystalline or amorphous material are widely described in 

literature. This information can be used to distinguish between the different types of solid 

dispersions, if the assumption is made that absence of crystallinity is present in molecularly 

dispersed systems (Leuner and Dressman, 2000). On the other hand, data obtained by the 

following characterization techniques can give more information about the stability of the 

preparation (e.g. nucleation, re-crystallization, phase separation). It is important to know that 

the properties of a solid dispersion are not only affected by the solid state  

(crystalline/amorphous) of the material, but also by the uniformity of distribution of the drug 

molecules in the matrix (Dhirendra et al., 2009). 
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1.5.2 X-ray powder diffraction(XRPD)  

Crystalline materials give specific diffraction patterns in the diffractogram, related to the 

angles in which parallel incident x-rays are diffracted by the crystal planes (Kolter et al., 

2012).  

The obtained diffractogram is not a spectrum, as the measurements are done at one fixed 

wavelength. The intensity of the diffracted light is measured as a function of the angle. XRPD 

makes it possible to differentiate between preparations in which the drug is amorphous or 

molecularly dispersed and preparations in which it is in the crystalline form. It can also 

differentiate between different crystalline structures, and therefore screen for polymorphic 

modifications. It is difficult to distinguish between molecularly dispersed drugs or drug at the 

amorphous form in the preparation (Dhirendra et al., 2009). Infrared spectroscopy is more 

relevant for obtaining this kind of information, because it shows the interaction pattern in the 

sample.  

1.5.3 Hot Stage Microscopy (HSM)  

This technique makes it possible to visually follow the material properties in function of the 

temperature and time. A sample can be heated under controlled conditions while being 

microscopically analyzed. Information about melting temperatures (Tm), glass transition 

temperatures (Tg) and crystalline properties can be obtained and visually detected (Particle 

Analytical, 2013). It can be used in the screening of drug-polymer mixtures to visualize the 

drug-polymer miscibility and the thermal transitions in function of the temperature. 

1.5.4 Differential Scanning Calorimetry (DSC)  

Thermoanalytical methods like DSC and HSM examine material properties in function of 

temperature and time. In DSC, 2 types of measurements are possible. The most common used 

method heats sample and reference with a constant temperature-rate (°C/min). The energy 

necessary to reach that fixed temperature is measured and is a function of the thermal events 

that occur in the sample.  

For example if the Tm of a crystalline component is reached, additional heat (energy) will 

have to be applied because the phase transition (solid-liquid) is an endothermic process 

(energy necessary for breaking the lattice-bonds). The results are shown in a thermogram, and 

this could provide information about the type of dispersion (based on Tg and Tm) and the 

physical state of each component in the formulation.  
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2 OBJECTIVES  

The need for miniaturized screening methods in pharmaceutical development is high, as only 

low quantities of drugs are accessible in early development. Available manufacturing methods 

like spray drying and extrusion do not fit in this purpose, as they are developed for large scale 

production resulting in resource and time -consuming processes. This thesis anticipates the 

need by developing miniaturized screening methods for solid dispersion preparation using 

both solvent and fusion methods.  

 

The framework for some of these miniaturized methods was already provided by a recently 

published article of Wyttenbach (Wyttenbach et al., 2013). It will be clear that this work had a 

great influence on the applied techniques, and the authors deserve all credit.   

 

In order to achieve a good balance between dissolution rate and dosage form stabilization, 

screening of potential drug-polymer combinations and technique specifications is not a 

useless effort. Regardless of which preparation method is used, carrier and drug properties 

should be screened for resemblances.  

 

 

     

 

 

 

 

 

 

  

 

 

 

Exploring the field of application for solubility parameters is something in which many 

pharmaceutical research groups are active nowadays. They are full to the brim of potential. 

However, one have to be careful if valid information is obtained when applied to solid 

dispersions.  

   API Carrier 

Solubility       

Parameters 

 Combination 

Combination

n FUSION METHOD 

Combinationn 

SOLVENT METHOD 

Combinationn 
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Solubility parameters were given a different application in this paper, by using them as 

theoretical screening tool for potential stabilizing interactions between drug and carrier, 

leading to potentially good drug/polymer combinations.  

 

One of the main purposes of this paper was to experimentally find out if a correlation between 

those solubility parameters and the solid dispersion quality could be made. Drug/polymer 

combinations based on this parameters were therefore prepared to solid dispersions, and 

characterized with several techniques for quality assessment.  

 

Solid dispersion preparation by the use of 96 -well plates was examined as miniaturized 

manufacturing method for the solvent method. This work tried to accomplish an optimal 

procedure, regarding solvent usage and drying conditions. Consequently, additional 

experiments towards solvent selection and drying procedures were performed.  

 

Fusion methods were screened by ‘hot stage microscopy’ as miniaturized method. This 

technique gives a rapid assessment for the influence of heating on the components.  

 

The main purpose or the thesis was to obtain a flow-chart protocol which includes all these 

screening steps and which could be followed for solid dispersion preparation on a 

miniaturized scale.   
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3 EXPERIMENTAL PART  

3.1 MATERIALS 

Five poorly aqueous soluble drugs were selected to work with, based on their relatively low 

concentration in the current available (oral) dosage forms. These drugs were carbamazepine 

(BASF, Ludwigshafen, Germany), indomethacin (Fagron, Barsbüttel, Germany), 

ketoconazole (Uquifa, Mexico), griseofulvin (Hawkins, Minnesota-Minneapolis, USA) en 

itraconazole (BASF, Ludwigshafen, Germany). The BCS assigned all these drugs to class II, 

meaning that they have a dissolution rate limited oral bioavailability. Therefore, these drugs 

are ideal examples for improving their solubility and dissolution rate by solid dispersion 

preparation.  

 

Literature provided many polymers that could be screened as potential good carriers for the 

selected drugs. Based on experimental screening data, only a few of these were selected for 

the actual solid dispersion preparation. Table 3.1. lists the product details of these potential 

polymers.  

 

TABLE 3.1: POLYMER PRODUCT DETAILS 

POLYMER PRODUCT DETAILS POLYMER PRODUCT DETAILS 

PEG 6000 Clariant, Taunus, Germany HPMC-AS-MF Shin Etsu, Tokyo, Japan 
Soluplus BASF, Ludwigshafen, Germany HPMCP-HP 55 Shin Etsu, Tokyo, Japan 

Eudragit E PO Evonik, Essen, Germany CAP Eastman, Kingsport, USA 
Eudragit L 100 Evonik, Essen, Germany Poloxamer 188 BASF,Ludwigshafen,Germany 

Eudragit L 100-55 Evonik, Essen, Germany Kollicoat®IR BASF,Ludwigshafen,Germany 
Kollidon VA 64 BASF, Ludwigshafen, Germany Kollicoat®Protect BASF,Ludwigshafen,Germany 
Povidone K 30 BASF, Ludwigshafen, Germany Kollicoat®SR BASF,Ludwigshafen,Germany 

HPMC 
Pharmacoat 606 

Shin Etsu, Tokyo, Japan Kollicoat®MAE 
100 P 

BASF,Ludwigshafen,Germany 

 

 

Different solvents needed to be screened in order to find two optimal solvents that could be 

used in the solvent method, regarding their solvent strength and evaporation properties. Most 

of these solvents are listed as class III residual solvents in de Ph.Eur., regarding their toxicity. 

The screened solvents were distilled water, acetone, ethanol, 2-propanol, ethyl acetate (Sigma 

Aldrich Chemie, Buchs, Switzerland) and dichloromethane (VWR-international, Fonteray-

sous-Bois, France).  
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3.2 METHODS  

3.2.1 Solubility parameter calculations 

Hansen’s three dimensional solubility parameters have been calculated for 5 different drugs 

(carbamazepine, indomethacin, ketoconazole, griseofulvin, itraconazole) and for polymers 

that are frequently used in solid dispersion preparation. Calculations were done using the 

SPWin 2.1. software (Breitkreutz, 1998). The software contains an advanced parameter set 

that is based on the group contribution methods of van Krevelen/Hoftyzer (Van Krevelen and 

Hoftyzer, 1976) and Fedors (Fedors, 1974). 

Knowledge of the components chemical structures was necessary for the calculations. In a 

first step, the chemical structure was divided in its chemical compounds ( chemical groups 

that are included in the SPWin software) followed by manually inserting the number of 

groups in the software. This resulted in the three dimensional solubility parameters for that 

molecule.  

As example, the calculation for indomethacin is worked out in table 3.2.   

 

TABLE 3.2: THREE DIMENSIONAL SOLUBILITY PARAMETER CALCULATION OF 

INDOMETHACIN.   

Chemical Structure     MW(g/mol)  Groups   Frequency  

   -CH3               2 

 -CH2                    1 

                                              >C<                                 1 

         358                              -CH=                    3 

                                              >C=      5 

                                              Phenylenering-    1 

                                                   Ring Closure 5 atoms              2 

Herein: Geconj //              4 

COOH                1 

        >C=O                  1 

         O (not neighbored)         1 

        >N- (tetraëder)                   1 

                   -Cl                              1               

 

 

δD δP δH δV δTOT 
23,06 5,98 9,42 23,83 25,62 
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Some considerations were applied for the calculations in this thesis. Each atom was only 

counted once, so it could not contribute to two groups. For counting the conjugated double 

bonds, the free electron distribution is also taken into account. O –atoms were considered 

neighbored or not, depending on the rotation of the bond. If the O is limited in rotation, it will 

not be able to form interactions with a neighbored O atom, therefore considered as not 

neighbored. Polymer structures were divided in its constituting monomers, for which the 

calculations has been done.  

3.2.2 Solvent Methods  

3.2.2.1 Solvent screening  

Solubility experiments have been performed on 16 different polymers (see table 3.1.) that 

have been mentioned in literature as carrier for solid dispersions. Their solubility potential 

was tested for 5, 10 and 25% (w/v) solutions in 8 different solvents, which already were used 

in the solvent method. Water, water-ethanol(9:1), acetone, ethanol, acetone-ethanol (1:1), 2-

propanol, ethyl acetate and dichloromethane were the 8 solvents.  

 

Preparation is done systematically for all samples at room temperatures. Each prepared 

solution was ‘homogenized’ on a ‘shaking plate’ (Edmund Bühler GmbH, Hechingen, 

Germany) for 2 hours. Polymer solubility in the solvent was evaluated visually (bright 

mixture, no particles) for the different concentrations and listed.  

3.2.2.2 Solvent evaporation procedures  

Drying procedures were accomplished in 96- well plates (Microplate 96/F-PP, Eppendorf AG, 

Hamburg, Germany) with a flat bottom, so that visual inspection of the obtained polymer 

films was possible. Two different volumes (40µL, 80µL) of polymer solutions (1%, 10%, 

25%) in the previously selected solvents were tested for their ability of yielding good polymer 

films. The first hole of each row was reserved for a blank  (pure solvent) in order to have an 

idea when solvent evaporation has finished (endpoint drying). A vacuum oven (Heraeus 

Vacutherm, Kendro, Hanau, Germany) was used for the drying process.  

Different temperatures (60-90 °C) were tried and variations in pressure (vacuum-600mbar-

atmospheric pressure) were applied in order to find the optimal drying conditions for each 

solvent, regarding drying speed and quality of the obtained films. Evaluation of the films was 

done by visual inspection, using a light microscope (Leica DMLB, Wetzlar, Germany).   
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3.2.2.3 Drug saturation solubility determination  

Supersaturated solutions for the five poorly aqueous soluble drugs were made in small 

volumes (10 ml) of both selected solvents (acetone-ethanol (1:1) and dichloromethane), in 

order to restrict the use of API and be in line with the subject of this thesis. Preparation of 100 

mg/L solutions was the starting point, raising the concentration with factor 10 if oversaturated 

concentrations were not reached. These solutions have been shaking over 24 hours on a 

‘shaking-plate’(Edmund Bühler GmbH,Germany) before the filtration step could occur.  

Filtration was done by using 10 ml syringes (BD, New Jersey, USA) with polypropylene 

surface filters (0,45µm) for yielding saturated drug solutions.  

 

Saturation concentration was detected by UV -spectrophotometry (Spekol 1500 and 1200, 

Analytik Jena, Germany) at experimentally determined λmax for each drug, using quartz 

cuvettes with 1cm path length. Determination had to be done in methanol, as acetone and 

dichloromethane interfered with the measurements. 200 µl of the saturated solutions was 

therefore dried in a vial until complete evaporation, and this saturated drug residue was 

dissolved in 10 ml methanol. griseofulvin and itraconazole did not dissolve in methanol, 

therefore tetrahydrofuran was used. Calibration has been done for prepared stock solutions, 

following the exactly same protocol.  

3.2.2.4 Solid dispersion preparation by using 96 well plates  

The protocol which was followed for this method resembles the protocol used for 

determination of the drying conditions (see 3.2.2.2). Solid dispersions with 5 % and 20 % 

drug load (indomethacin, ketoconazole, carbamazepine, griseofulvin, itraconazole) were 

prepared in well plates (Microplate 96/F-PP, Eppendorf AG Hamburg, Germany) using 3 

polymers (Eudragit E PO, Kollidon VA 64, Povidone K 30) considering two solvents 

(acetone/ethanol (1:1) and dichloromethane).   

 

60 µl of a 10 %(w/v) polymer solution was combined with 60 µl of a 0.53% or a 2.5 %  drug 

solution in the well plates, depending on the desired % drug load in the final formulation. 

Blank samples were also made, containing 60µL pure solvent combined with the polymer 

solution. Mixing was done intensively by using a pipette (Micropipet, Eppendorf Research, 

Hamburg, Germany) followed by drying in a vacuum oven (Heraeus Vacutherm, Kendro, 

Hanau, Germany). acetone-ethanol solutions needed 40 min at 600mbar and 60 °C, while 

dichloromethane solutions was given 30 min at atmospheric pressure and 60 °C for drying. 
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The films in the well plate were investigated by polarized light microscopy (Leica DMLB, 

Wetzlar, Germany) before and after storage under defined long term and stress conditions.  

3.2.2.5 Solid dispersion preparation by Film Casting  

The original protocol by BASF (Kolter et al., 2012) had to undergo some changes in order to 

receive films of reasonable thickness (±300 µm; measured with a caliper). The casting device 

(ExActMelt+, BASF, Germany) used in its normal way produces films of 100-200µm, which 

is not sufficient. A new approach was tried in this work, with fixating the device to the liner 

by using weights and filling it up with a certain amount of solution (8 ml). This technique has 

been giving the name ‘Pie-method’. Teflon paper was used as liner, because it has little 

interactions with the films and therefore the films could easily be removed. The solutions 

were prepared in such a way, that each film is representative towards those prepared in well 

plates. Therefore, it should contain 5% (w/v) polymer in a 8:2 proportion with the used drugs 

in either dichloromethane or acetone-ethanol (1:1). Unfortunately, a 5% polymer solution was 

not viscous enough to form films of the required thickness. Therefore, a switch was made to 

10 % of polymer in the solutions. Each film was dried for at least 15 hours before 

characterization. Films were evaluated on their crystalline content by visual inspection 

immediately after preparation and after 4 days. 

3.2.3 Fusion Methods 

3.2.3.1 Hot stage Microscopy  

Binary mixtures of drugs and polymer, comparable in concentration with the solutions made 

for the film casting (20% drug load, 80% polymer), were accurately prepared by intensive 

mixing both components with mortar and pestle for 3 min. A pinch of these mixtures was 

carefully removed towards a small cover slit and placed on the heating device (TMS 94, 

Linkam Scientific Instruments Ltd, England), followed by slowly heating up the mixture to 

160 °C.  

 

Changes of the components in function of temperature were observed through use of the 

polarized light microscope (Leica DMLB, Germany) and images of each mixture were made 

by using a microscopic camera (Leica DC 100, Germany) at three stages: cold stage, hot stage 

and film stage.  
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3.2.4 Characterization of solid dispersions 

3.2.4.1 Differential scanning calorimetry(DSC)  

Small samples of the casted films (± 5mg) were used for DSC measurements (Mettler-Toledo, 

Giessen, Germany). The samples were collected in pierced aluminum pans of 40µl, with an 

empty pan as reference. DSC screening was performed through 3 phases: First heating 

(-20°C- 220°C; 10°C/min), cooling down (220°C- -20°C; 20°C/min) and second heating 

(-20°C- 220°C; 10°C/min) under a nitrogen purge gas with flow rate of 70 ml/min. The 

temperature ranges could be changed in function of the thermal stability of the drug. Data 

analysis was done with the Star
e
 Software Version 9.20 (Mettler-Toledo, Giessen, Germany).  

3.2.4.2 X-ray powder diffraction (XRPD) 

The crystallinity of the formulations was assessed by X-ray powder diffraction (X’Pert Pro, 

Panalytical, Almelo, The Netherlands). The measurements were operated under a Cu Kα 

radiation point source (k = 1.5406 Å) at 40 kV and 40 mA. The sample (Povidone K30-

Carbamazepine 20% DL) was prepared on the back-loaded sample holder, following the 

protocol used in 3.2.2.4. Measurements were done twice a day in reflection mode from 10°-

35° 2θ, while the sample was stored under stress conditions (40 °C at 75%RH). Scanning rate 

was 0,0263 °/s using a sampling step of 0,0167 °.  

3.2.4.3 Oscillating Rheology 

Preliminary characterization for the influence of viscosity towards kinetic stabilization was 

done using a dynamic shear rheometer (Kinexus pro, Malvern Instruments Ltd, GB) in 

oscillating mode. A cone with small diameter (CP1820 SC 004 SS) was used as oscillating 

device onto a flat plate (PL65 S0F20 SS), over a temperature range on the casted film from 

25-180 °C, with a ramp rate of 20 °C/min. Oscillation was done with a frequency of 1Hz with 

a applied force of 1N. Data was collected with the R-space for Kinexus software.  

3.2.4.4 Dissolution Tests  

An experimental dissolution test was set up in 96 -well plates (Microplate 96/F-PP, Eppendorf 

AG Hamburg, Germany), by preparing solid dispersion of griseofulvin 20% in Eudragit E PO 

and polymer blanks by use of the protocol under 3.2.2.4. A 0.1M HCL solution was prepared 

as dissolution medium, and equilibrated with the formed solid dispersion at 37 °C for 30 min. 

Afterwards, 250µL of this medium was added to each hole and the plate was incubated at     

37 °C. Samples of 200µL were taken in sextuple after 15, 30, 60, 120 min, diluted towards 

100ml and measured by UV- spectophotometry (Lamba2S, PerkinElmer, Germany) at 295nm.  
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4 RESULTS AND DISCUSSION  

4.1 SOLUBILITY PARAMETERS  

The solubility parameter is actually a way to quantify the cohesive energy of a material in 

relation to the molar volume. This cohesive energy can be defined as the amount of energy 

necessary to separate the atoms/molecules in a material in such a way that interactions 

between them becomes impossible (Greenhalgh et al., 1999). Hence, it could also be defined 

as the representation of the total attractive forces within a solid material contributing to the 

cohesive energy (van der Waals, covalent, ionic, hydrogen, electrostatic, induced dipole, and 

permanent dipole –interactions/bonds).  

 

Hildebrand introduced a formula for the ‘Hildebrand’ solubility parameter with which he 

further tried to correlate solubility with the CED (cohesive energy density; cohesive energy 

per unit volume) (Greenhalgh et al., 1999). 

         δ=(CED)
1/2

=(ΔEv/Vm)
1/2

                              (Equation 4.1)  

EQUATION 4.1: HILDEBRAND’S SOLUBILITY PARAMETER – (Greenhalgh et al., 1999): in which 

ΔEv is the energy of vaporization and Vm the molar volume. 

 

 

Hildebrand considered a one-dimensional solubility parameter, that only implements 

intermolecular dispersion forces and not intermolecular hydrogen bonds or polar forces. The 

purpose of introducing this theoretical parameter, was to describe the miscibility of polymers 

in solvents (Van Krevelen, 2009). 

 

 It was Hansen (1967) who considered a three-dimensional solubility parameter for polar 

systems, in which three ‘partial’ parameters describes the different possible interactions 

between solvents and solutes. This was an important progress, because most components (in 

solid dispersions) contain also hydrogen or polar bonding groups, next to the dispersion forces 

(Hansen, 1969).  
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In Hansen’s approach, there is a sub-division of the solubility parameter into three partial 

parameters (δd – δp – δh).  These ‘partial solubility parameters’ describe more specifically the 

contribution of each different intermolecular force to the total solubility parameter δtot.  

      

δtot
2
= δd

2
+ δp

2
+ δh

2 
              (Equation 4.2)  

 

EQUATION 4.2: HANSEN’S SOLUBILITY PARAMETER –(Hansen, 1969): with  

δd= contribution from intermolecular dispersion forces, δp= contribution from intermolecular permanent 

dipole-permanent dipole forces and δh= contribution from intermolecular hydrogen bonding.  

Hansen’s solubility parameters (HSP’s) reflect the possible interactions of the specific 

molecule (dispersions forces, polar interactions and H-bonds) based on its molecular structure 

and make it possible to place drugs and polymers in a three dimensional diagram, that consists 

of three axes (δd, δp, δH). Euclidean distances between drug and polymer were calculated in 

this theoretical three dimensional model, so that this values could be used to make rational 

choices of drug-polymer combinations. For a three dimensional model, following equation is 

used :  

 

d(p,q) =    (p1 – q1)
2
 + (p2 – q2)

2
 + (p3 – q3)

2
                       (Equation 4.3)  

 

EQUATION 4.3: EUCLIDEAN DISTANCE EQUATION FOR A THREE DIMENSIONAL MODEL: 

distance between two points (p,q) with p= drug and q=polymer and 1=δd ; 2=δp ; 3:δh. 

 

If two components have small Euclidean distances between these parameters, they 

theoretically have a high potential to undergo the same sort of interactions, preferably with 

each other to enhance stabilization. Therefore, small Euclidean distances in the HSP’s of drug 

and polymer could theoretically predict good interactions between those components.  

 

As George E.P. Box quoted (1919): “Essentially, all models are wrong, but some are useful”, 

attention must be paid in the way these parameters are interpreted. They can be a guideline in 

research, but it is still a model, carrying some mistakes. The values are not strong enough on 

their own to make solid decisions on drug solubility in polymers, therefore the need for 

experimental data is high and this should be implemented in the interpretation as well.  
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In this thesis, solubility parameters were part of a whole experimental screening process, 

ensuring this experimental data in order to obtain a favorable drug-polymer combination in 

the end.  

 

A summary of the calculated Hansen’s partial solubility parameters for the APIs and polymers 

is given in table 4.1.  

 

TABLE 4.1: CALCULATED THREE DIMENSIONAL SOLUBILITY PARAMETERS FOR 

POLYMERS AND API. 

POLYMERS δd  δp δH δV  
 

δTOT  

Calculated 

PEG 6000 17,97 1,24 10,11 18,01  20,65 

Soluplus 18,38 0,22 8,43 18,38  20,22 

Eudragit E PO 17,36 0,32 8,82 17,37  19,48 

Eudragit L100 18,52 0,19 11,68 18,53  21,9 

Eudragit L100-55 18,41 0,12 11,64 18,41  21,78 

Kollidon VA 64 19,21 0,49 9,69 19,22  21,52 

Povidone K30 20,43 0,72 9,28 20,44  22,45 

HPMC pharmacoat 606 minimal 21,79 1,44 24,21 21,84  32,61 

                                           maximal 21,21 1,33 22,9 21,25  31,25 

HPMC-AS-MF                   minimal   22,13 1,12 22,96 22,16  31,91 

                                          maximal 21,25 1 19,82 21,27  29,07 

HPMCP-HP55            

CAP                                    minimal 23,75 2,72 18,3 23,9  30,1 

            maximal                                    23,47 2,52 16,76 23,61    28,96     

Kollicoat IR 19,83 0,57 19,48 19,84    27,81 

Kollicoat Protect 20,15 0,77 20,26 20,16    28,58 

Kollicoat Mae 100 P  18,22 0,12 10,96 18,22    21,26 

Poloxamer 188 17,55 0,77 9,15 17,57    19,81 

API  δd  δp δH δV  
 

δTOT  

Calculated 

Itraconazole 21,76 6,55 11,4 22,72  25,42 

Ketaconazole 22,03 6 9,61 22,83  24,77 

Indomethacin 23,06 5,98 9,42 23,83  25,62 

Carbamazepine 23,6 7,41 9,79 24,74  26,61 

Griseofulvin 22,24 6,52 8,56 23,18  24,71 

 

Euclidean distances were calculated for the five drugs and all polymers using equation 4.3, 

based on the obtained HSP’s. Table 4.2 lists the most promising polymer -drug combinations 

with their small Euclidean distances. Combinations with large Euclidean distances are 

mentioned as well, for illustrating the range of these values .  
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TABLE 4.2: CALCULATED EUCLIDEAN DISTANCES BETWEEN DRUGS AND POLYMER.  

Itraconzole with … Three dimensional Euclidean distance: d(p,q) 

Eudragit E PO 8,05 
Kollidon VA 64 6,79 
Povidone K30 6,34 
HPMC Pharmacoat 606 13,22 
  

Ketoconazole with… Three dimensional Euclidean distance: d(p,q) 

Eudragit E PO 7,40 
Kollidon VA 64 6,19 
Povidone K30 5,53 
HPMC Pharmacoat 606 14,70 
  

Indomethacin with … Three dimensional Euclidean distance: d(p,q) 

Eudragit E PO 8,06 
Kollidon VA 64 6,71 
Povidone K30 5,88 
HPMC Pharmacoat 606 14,95 
  

Carbamazepine with… Three dimensional Euclidean distance: d(p,q) 

Eudragit E PO 9,49 
Kollidon VA 64 9,14 
Povidone K30 7,42 
HPMC Pharmacoat 606 15,18 
  

Griseofulvin with … Three dimensional Euclidean distance: d(p,q) 

Eudragit E PO 7,89 
Kollidon VA 64 6,84 
Povidone K30 6,12 
HPMC Pharmacoat 606 15,87 

 

 

Solid dispersions exist of at least two components: drugs and polymers. Stability of the 

formulation is a critical point as mentioned before in this work. Euclidean distances are here 

applied as early screening tool for thermodynamic stabilization of the drug-polymer mixtures 

by interactions between the components. Table 4.2 was used for selecting polymers with the 

highest potential (low Euclidean distances) of stabilizing the formulation, and to further work 

with in either solvent or fusion method.  

 

In this case, Eudragit E PO, Kollidon VA 64 and Povidone K30 were selected regarding their 

low Euclidian distances with the five drugs (table 4.2) as polymers to continue with in the 

further screening process towards the best theoretical drug-polymer combination for solid 

dispersion preparation.  
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4.2 SOLVENT METHODS  

4.2.1 Solvent screening  

Usage of solvent methods has the advantage that preparation of solid dispersions is rather fast, 

and process parameters can be changed easily. Solvents can obviously influence these 

formulations, therefore screening tests have been performed to find 2 solvents with the best  

manufacturing properties.  

 

The polymers as well as the drugs have to dissolve in the solvent, in order to prepare a 

homogenously mixed drug-polymer solution that can be dried to get a solid dispersion. 

Solvents have been screened on their ability of dissolving polymers in certain concentrations. 

This data about solvent -strength could be combined with data obtained from drying 

experiments (see 4.2.2) for making rational choices of which solvents could be used for solid 

dispersion preparation.  

 

All of these screened solvents (except for dichloromethane) are listed as class III solvents in 

the Ph.Eur. Therefore, they are justified for broad usage. This is also the reason why solvents  

as methanol, N,N-dimethylformamide, tetrahydrofuran have not been considered in this work, 

because they are class II solvents, having a higher toxicity risk. Although being a class II 

solvent, dichloromethane was used for usage because it has a significantly higher log POW 

value than other solvents, therefore having more hydrophobic properties. This is potentially a 

strong solvent for class II drugs, as these drugs are likely to have more hydrophobic 

properties.  

Table 4.3 and 7.1. in the appendix show the result of these solubility tests. Regarding previous 

data for the Euclidean distances (see 4.1), a careful choice of 3 polymers was made for solid 

dispersion preparation: Eudragit EPO, Kollidon VA 64 and Povidone K30. In this section, 

solvent screening were done based on the solubility properties of these selected polymers in 

the solvents.  

 

Five solvents proved good dissolving ability for each solution (5%, 10%, 25%) of these 

polymers: acetone, ethanol, acetone-ethanol (1:1), 2-propanol and dichloromethane as can be 

seen in table 4.3. In order to narrow down the number of solvents to two preferable ones, next 

screening step should be performed with the five selected solvents (see 4.2.2).   
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TABLE 4.3: POLYMER SOLUBILITY IN DIFFERENT SOLVENTS: (full table in appendix 7.1). 

 Water Ace Eth Ace/Eth 2-Prop Ethylace DCM Water/Eth 

Eudragit E PO   IS S S S S S S IS 
Kollidon VA64 S S S S S S S S 
Povidone K 30 S S S S S IS S S 
With S= Soluble ; IS=Insoluble; Ace=acetone; Eth=ethanol; 2-Prop= 2-propanol; Ethylace= ethylacetate; 

DCM= dichloromethane.  

 

4.2.2 Solvent evaporation procedures 

Experiments towards finding optimal drying conditions for the polymer mixtures should be 

the decisive step of the solvent screening. Also, reproducible drying conditions have to be 

defined for each solvent, which enables films production of high quality in a fast way. Fast 

evaporation of the solvents is preferred, as the stabilizing polymeric vehiculum is then quickly 

formed without giving the drug molecules opportunity for movement inside the solvent which 

would increase the risk for nucleation and re-crystallization.  

 

Two parameters were adjusted during the drying process, in order to find the optimal 

procedure; the air pressure inside the vacuum oven and the temperature. Higher temperatures 

lead to faster evaporation of the solvents. However, these temperatures could also give more 

kinetic energy to components of the formulation, possibly resulting in stability issues. 

Therefore, temperatures were tested in a small range (60 °C – 90 °C).  

 

When working with thermally instable compounds, higher temperatures cannot be used. 

Reduction of the air pressure can be a useful tool in such situations. This could be explained 

by the ideal gas law:    

                                   

          PV=nRT                 (Equation 4.4)  

 

EQUATION 4.4: IDEAL GAS LAW  - DERIVED FROM (Sinko, 2011)  with P the pressure in atmospheres, V the 

volume in liter, n the number of moles of the gas, R the universal gas constant and T the temperature in 

degree Kelvin. 
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 After drying, the film quality was assessed by visual inspection using scores. Scores of 1-4 

points were given to the films, in respect to their transparency, crystallinity and smoothness 

(see table 4.4). 4 points is the maximal score, reflecting a transparent, smooth film without 

any sign of crystallinity.  

Acetone and dichloromethane have a low boiling point (56 °C and 39 °C), therefore having a 

fast drying behavior. Polymer solutions in both solvents were exposed to various specific 

drying conditions. Films with high scores were obtained for the dichloromethane solutions, by 

drying at atmospheric pressure for 30 min at 60 °C. 

The acetone solutions did not result in films of high quality at previous drying parameters. 

Various pressures (vacuum, 600 mbar) were applied for trying to overcome this problem, but 

this had no satisfying outcome. Lowering the pressure resulted in ‘foam’ production inside 

holes and therefore the lowest score of 1 point. This was a reason to reject acetone as solvent 

in further investigations.   

Drying experiments on the alcohols (ethanol and isopropanol) resulted in films with high 

scores. The only limit of these solvents is their higher boiling point (~80 °C). Drying 

temperatures that exceeded 60 °C, led to a fast decrease in film quality. Therefore the drying 

procedure was done at 60 °C, with lower pressure 600 mbar, resulting in good films after 50 -

70 min.  

The use of an acetone-ethanol (1:1) mixture lead to films of high scores under mentioned 

conditions. Previous limit of the alcohols was overcome, probably because an azeotropic 

mixture was formed, with its boiling point lower than that from the alcohols.  

Data obtained from these drying experiments (see table 4.4) led to acetone-ethanol (1:1) and 

dichloromethane as optimal solvents for preparing solid dispersions with previous selected 

polymers by using the solvent method. Also, reproducible drying conditions has been defined 

for these solvents that will be used in the actual preparation step. Furthermore, highest films 

scores were generally obtained by 10 % polymer solutions. The drying experiments proved  

that there is needed a balance in drying conditions: fast enough to minimize molecular 

movement, but slow enough to obtain films of high quality. 
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TABLE 4.4: POLYMER FILM EVALUATION FOR 3 SOLVENTS AFTER DRYING PROCEDURE BY 

USING A SCORE –SYSTEM.  

 

 

 

 

 

 

 

 

 

 

 

 

           

 

 

 

 

 

 

 

 

 

 

SCORES  

     1     Very bad film (foam, bursts, not transparent) 

     2     Bad film regarding transparency, smoothness, crystals  

     3     Good film regarding transparency, smoothness, crystals 

     4     Super film  

 

 

ETHANOL Score 
40 µL 

Score    
80 µL 

Eudragit E PO       1% 3 3 

10% 3 3 

         

Kollidon VA 64     1% 3 3 

10% 4 4 

25% 4 4 

      

Povidone K30       1%        3 3 

10% 4 4 

25% 3 4 

ACETON/ETHANOL  
 

Score  
40 µL 

Score    
80 µL 

Eudragit E PO    1%  3 3 

10%  4 3 

       

Kollidon VA 64  1%  3 3 

10%  4 4 

       

Povidone K30    1%       4 3 

10%  4 4 

25%  3 3 

DICHLOROMETHANE Score    
40 µL 

Score    
80 µL 

Eudragit E PO    1% 4 3 

10% 4 4 

25% 4 4 

      

Kollidon VA 64  1% 1 3 

10% 4 4 

25% 3 3 

      

Povidone K30    1%         1 2 

10% 4 4 

25% 3 4 

                   Drying Conditions:  

 

-Acetone/ethanol: 600mbar, 60 °C, 40 min. 

-DCM : Atm. pressure, 60 °C, 30 min. 

-Ethanol: 600 mbar, 60 °C, 50 min.  
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4.2.3 Determination of drug saturation solubility  

Besides a polymer solution, solid dispersion preparation by the solvent method requires a 

drug solution. Dichloromethane and acetone/ethanol (1:1) have already been selected as 

solvents, because of their good drying properties and the broad range of polymer solubility. 

The drug saturation solubilities (Cs) was tested in these specific solvents, in order to predict if 

it will be possible to prepare drug stock solutions of certain concentrations. 

 

As the subject of this thesis focuses on working with low amounts of drugs, the usual protocol 

of adding an excess of drug to 100 ml solvent until precipitation occurs had to be slightly 

adapted (see 3.2.2.3)  

 

In a saturated solution, the solute is in equilibrium with the solid phase at a certain 

temperature. If the concentration of the solute exceeds the CS, precipitation of the solid phase 

occurs. (Reismann, 2011) .  

 

Once saturated solutions were prepared, methods for drug concentration determination were 

developed. For quantitative measurements, UV-Vis spectrophotometry should be considered 

as first, because it allows fast concentration determinations with good precision through a 

relatively simple method. The method is based on the Beer-Lambert law:  

        A = - log10 (
  

 
 = ε.C.l                 (Equation 4.5) 

EQUATION 4.5: LAW OF BEER- LAMBERT – DERIVED FROM (Thilak Kumar and Umamaheswari, 

2011)  where A is the absorbance, I is the intensity after transmission, I0 is the intensity of the incident 

light at a certain wavelength, ε is the molar absorption coefficient in L/mol.cm, c is the concentration of 

the absorbing molecules in the solution in mol/L and L is the path length of the sample in cm.  

 

Blank measurements for acetone-ethanol gave an absorbance over 3.000. This indicates that 

one of the components in the solvent mixture, has a great absorbance of the electromagnetic 

radiation in the wavelength area of the drug. Therefore, this solvent will interfere with the 

absorption of radiation by the drug and could not be used in this method.  

This considerations were experimentally proved by doing spectrophotometric measurements 

for water, after adding 4 drops of the acetone-ethanol mixture in the solution. The same was 

done for acetone and ethanol separately. 
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 A spectrum could be recorded for every solvent as the spectrophotometer was equipped with 

a DAD (Diode Array Detector). Figure 7.1 in the appendix shows these combined spectra.  

                   

It shows that the high absorbance is due to the presence of acetone. As the absorbance peaks 

of most drugs lie between 220 and 300 nm, acetone-ethanol (1:1) is not a suitable solvent for 

this method. Also, acetone and dichloromethane are highly volatile substances, what makes it 

difficult to obtain stable absorbance measurements. Hence, the need for an alternative 

‘measuring’ solvent was high. This solvent should fulfill some specifications: a low UV-cut 

off value as well as polar groups for interaction with polar sites on the drug molecule.  

 

Methanol is a solvent that meets this requirements in theory. A spectrum of pure methanol has 

been made to ensure that the solvent was useable for this method (figure 7.2 in appendix).   

It reveals that the absorbance of methanol in the wavelength region of interest (220-300 nm) 

is not high (<1), so it could be used as solvent for UV-Vis spectroscopy as long as blank 

measurements are performed for this solvent.  

 

Two saturated solutions were randomly chosen as example to validate this technique for Cs 

determination. These solutions were carbamazepine in DCM and ketoconazol in 

acetone/ethanol, prepared as described in chapter 3.2.2.3 with methanol as ‘measuring 

solvent’. Wavelengths were determined experimentally at 254 nm for carbamezepine and 240 

nm for ketoconazole, by measuring the spectra for these drugs (figure 7.3; appendix). 

 

Calibration was done for these drugs at the determined wavelengths. Calibration solutions 

were prepared by using the same protocol as described in chapter 3.2.2.3 for the ‘saturated’ 

samples. These solutions were diluted 1/100 before measuring. Fig. 4.1 and 4.2 show the 

obtained calibration curves.  

 

                                       

FIGURE 4.1: CALIBRATION CURVE OF CARBAMAZEPINE IN DICHLOROMETHANE. 
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FIGURE 4.2: CALIBRATION CURVE OF KETOCONAZOLE IN ACETONE-ETHANOL.   

 

After calibration, saturation concentrations (Cs) of the saturated samples could be calculated. 

These values were in line with the roughly made estimations of the Cs while preparing the 

oversaturated solutions.  

 

TABLE 4.5: CALCULATED CS FOR TWO RANDOMLY SELECTED SATURATED SOLUTIONS.  

 Cs (g/L) 

Carbamazepine in dichloromethane 206,4 

Ketoconazole in acetone-ethanol 73,5 

 

This modified technique to determine the Cs of drugs in their solvents has been 

experimentally proven to be effective for the example drugs. However, this approach is 

slightly diverged from the usual methods for saturation solubility determination, as 

equilibration is there mostly done over one week. Here it has been done over 24 hours, as the 

validation of the method was more important to this paper than the actual outcome for Cs. 

Equilibration over a longer period should definitely be done if reproducible data must be 

obtained.     

 

4.2.4 Solid dispersion preparation by using 96 well plates  

As polymer carrier, three types were chosen based on their promising Euclidean distances 

towards the selected drugs and their good solubility in the chosen solvents. Eudragit E PO, 

Kollidon VA 64 and Povidone K30 were these selected polymers. Polymer solutions and drug 

solution were prepared to certain concentrations as mentioned in 3.2.2.4.    

 

Preparation of the 2.5 % (w/v) solution for griseofulvin and  the 0.53 % itraconazole solution 

in acetone-ethanol needed heating at 50 °C for complete drug dissolution in a reasonable time. 

The 2.5 % Itraconazole solution in acetone-ethanol could not be made by heating up the 

sample and was therefore excluded out of the study.  
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Solid dispersion films were investigated inside the well plates by using polarized light 

microscopy immediately after drying, after 24h and 96h storage under specific conditions. 

ICH Q1 regulations towards stability test were followed, leading to storage at long term          

(25 °C, 40% RH) -and stress conditions (40 °C, 75% RH). This storage was necessary for 

getting an idea of the short-term stability of the formulations.  

 

The polarized light microscope makes it possible to visually screen for crystals and evaluate 

the films. Crystals reflect polarized light in a specific way, a property that amorphous 

structures do not possess. Again, the previously mentioned score system of 1 to 4 points was 

used to describe the quality of the films regarding their transparency, crystallinity and 

smoothness, with 4 points as maximum score.  

 

The experiments and evaluations were done in duplicate, independent from each other. 

Average scores were calculated from 3 measurements per drug-polymer combination 

(immediately, 24h, 96h), for each storage condition. This is resulted in table 4.6 and 4.7.   

 

TABLE 4.6: AVERAGE SCORE FOR SOLID DISPERSIONS AFTER STORAGE  AT 25°C/40% RH  

 CRY
A

 = Crystals after 24h      1= Very bad film (foam, bursts,…) 

CRYB
 = Crystals after 96h      2= Bad Film (major defects) 

CRY
C

 = Crystals immediately after drying    3= Good Film(minor defects) 

D= Hole in film by storage                     4= Super film  

/ = Drug solution could not be prepared through to solubility problems 

 

 

    INDO KETO CARBA GRISEO ITRA 

   AC/ETH DCM AC/ETH DCM AC/ETH DCM AC/ETH DCM AC/ETH DCM 

Eudragit E 
PO            
20% DL  

 
 
 

 
 
 

 
   3 

 
  4 
 

 
4 
 

 
3 
 
 

 
4 

 
3,5 

 

CRY
C 

 
4 

 
     / 

 
3,5 

             

Kollidon 
VA 64 
20% DL 

 
 

 
 

   3   4 
 

3,5 3,5 3,5 3,5 CRY
C 3,5     / 3,5 

             

PVP K30 
20% DL 

 
 

 
 

   4   3  4 3 4  3 
 

CRY
C 3    / 3 
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TABLE 4.7: AVERAGE SCORE FOR SOLID DISPERSIONS AFTER STORAGE  AT 40 °C/75% RH  

    INDO KETO CARBA GRISEO ITRA 

   AC/ETH DCM AC/ETH DCM AC/ETH DCM AC/ETH DCM AC/ETH DCM 

Eudragit E 
PO            
20% DL 

 
 
 

 
 
 

 
3,5 

 
3,5 

 

 
4 
 

 
3,5 
 
 

 
4 

 
4 

 

CRY
C  

 
3 

 
     / 

 
3,5 

             

Kollidon 
VA 64 
20% DL 

 
 

 
 

3 
 

3,5
D 3 3 4 4 CRY

C CRY
A     / CRY

A
 

             

PVP K30 
20%  DL 

 
 

 
 

3  3
D 2,5 CRY

A CRY
B CRY

A 
CRY

C CRY
A   / CRY

A
 

             
Legend: see table 4.3  

 

Evaluation of the obtained solid dispersions by polarized light microscope, revealed for 

almost every combination transparent, smooth films directly after the drying procedure.  

It appears that preparation by this solvent method results in glassy solutions/suspensions. 

However, DSC and XRPD measurements on the films should give a more decisive answer 

about the type of solid dispersion that was prepared, as these methods give an insight on 

molecular level whereas microscopy is well macroscopic.  

 

Storage under climate conditions (25 °C, 40% RH) up to 96 h, did not lead to crystal 

formation for most of the drug-polymer combinations (see table 4.6). Two factors could 

contribute to this stability; viscosity (kinetic stabilization) and molecular interactions 

(thermodynamically stabilization). These results are thus in line with the small Euclidean  

distances calculated for this combinations, indicating potential high interactions.  

Actually, IR –spectroscopy should have been applied as this method gives better insight in the 

stabilizing interactions between drugs and polymer by visualizing molecular interactions in 

the IR spectrum. Data obtained from these measurements could possibly make better 

correlation with the Euclidean distances. This characterization method should definitely have 

to be enclosed in further experiments.  

 

Storage under stress-conditions (40 °C, 75%RH) for a short period (until 96 hours) did not 

influence the film properties for the Eudragit E PO combinations, but did reveal some 

problems for the films prepared with polyvinylpyrrolidone.  
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Especially the Povidone K30 films showed to have a great influence of these storage 

conditions (see table 4.7). Most of the prepared combinations with this polymer showed 

crystal formation in the solid dispersion systems, indicating instability under those storage 

conditions.  

 

This effect can be explained by the difference in hygroscopicity of the polymers, and 

therefore different behavior of these polymer vehiculi under stress conditions. In theory, 

hygroscopic polymers should interact more with water molecules, what could affect both 

kinetic and thermodynamic stabilization. Water acts as plasticizer, which lowers the Tg of the 

polymer system, and therefore decreases the viscosity of the stabilizing vehiculum. 

Additionally, possible interaction sites for the drugs at the polymer molecule can be blocked 

by the bound water molecules, resulting in less drug-polymer interactions. Both contribute to 

higher drug movement inside the polymer vehiculum, what is favorable for (re)crystallization.   

 

In order to justify this theory, a closer look was taken towards the polymer properties and 

more exactly their moisture sorption. Following data was obtained from BASF for Kollidon 

VA 64 and Povidone K30 
b
, and a published article for Eudragit E PO

 a
.  

 

TABLE 4.8: ESTIMATED MOISTURE SORPTION AT 75%RH FOR THREE POLYMERS.  

   Estimated moisture sorption at 75% RH (%)  

Eudragit E PO          < 5% 
a            a 

(Mwesigwa et al., 2008) 

Kollidon VA 64         <20%
b            b

 (Bühler, 2008)
 

Povidone K30          ± 40%
b 

 

Table 4.8 seems to support the previous assumption about the difference in polymer 

hygroscopicity, as explanation for the lower film scores for formulations with Povidone K30 

after stress storage conditions. 

 

The fact that storage under climate conditions resulted in films with comparable good ‘scores’ 

for all three polymers, gives a first careful indication that the use of Euclidean distances could 

be a useful prediction tool in the screening for drug-polymer combinations. The use of 96 -

well plates for manufacturing and characterization of solid dispersions on miniaturized level 

shows promising attributes towards efficiency and resource saving properties.  
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However, storage has only been carried over a small period of time and there are stronger 

characterization techniques available for interactions than microscopy (e.g. IR-spectroscopy). 

Therefore, these conclusions are premature and should be revised when more data is 

available.  

4.2.5 Solid dispersion preparation by film casting  

Although the solvent method performed in well plates shows to be an effective technique for 

producing solid dispersions on miniaturized scale, it has restrictions towards characterization. 

The film surface is rather small for most characterization techniques and films could not be 

removed out of the well plates without destroying them. The need for films with a larger 

surface which could be easily removed was therefore present. These films were obtained by 

using an alternative film casting method.  

 

The principle of film casting is to combine polymer, drugs and an appropriate solvent into a 

casting device (Kolter et al., 2012). This device is mostly automatically moved over a certain 

liner, in order to produce a homogenous film. Casted films have the advantage that 

crystallinity can be visualized more easily than in the well plates, next to the fact that films 

can be easily removed for characterization. An important disadvantage is that more material 

(API, polymer, solvent) is necessary for preparing these films, therefore being less 

miniaturized than the well plate method.  

Film casting could be seen as a screening method for drug-polymer combinations towards the 

spray drying technique. Both methods use a liquid solution of the API and the polymer in an 

appropriate solvent, to end up with a (semi) solid dosage form in the end. As the casting 

technique is fast, cheap and can be done with low amounts API, it fits all requirements for 

being a miniaturized screening method. 

 

Eudragit E PO was chosen as polymer because the well plate screening pointed this polymer 

out to be the best match for each drug (see table 4.6 and 4.7). The preparation protocol 

slightly differed for the two solvents, as casting with dichloromethane solutions could be done 

within a short time range (40 min) at room temperature. Solutions with acetone-ethanol took a 

lot more time to evaporate at room temperature, so this films were prepared on a casting 

device that could be heated. The applied temperature was 80 °C, what reflected in a faster 

evaporation (within 40 min).   
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Table 4.9 shows the evaluation of the films for both solvents by visual inspection after at least 

15 h drying time using the previously explained score system.  

 

TABLE 4.9: EVALUATION OF CASTED FILMS BY VISUAL INSPECTION.  

  Dichloromethane         Acetone-Ethanol (1:1)  

Carbamazepine 

Eudragit E PO 

20% 

80% 

                     4 4 

Indomethacin 

Eudragit E PO 

20% 

80% 

 4
A
 4 

Ketoconazole 

Eudragit E PO 

20% 

80% 

                     4 4 

Griseofulvin 

Eudragit E PO  

20% 

80% 

 CRYSTALS CRYSTALS 

Itraconazole 

Eudragit E PO 

20% 

80% 

 CRYSTALS / 
Itraconazole 

Eudragit E PO 

5% 

95% 

 / 
3 

A
 Indomethacine has the tendency to form a yellowish solution and film.  

/  No film prepared.  

 

Evaluation of the casting method revealed similar outcomes as for the well plate method, with 

Eudragit E PO as a good stabilizing agent in the formulation. However, some preparations 

showed a stronger tendency for (re)crystallization than in the well plates. This could be 

explained by the different drying procedure that was used, therefore having higher molecular 

mobility for a longer time. Also thicker films were obtained trough casting, which contributes 

to this tendency.  

 

Most films became brittle after solvent evaporation. This could be expected, as many of the 

casting solutions usually contains a plasticizer that places itself between the polymer strains, 

therefore increasing the distances between them and decreasing the interactions between the 

polymer molecules. This results in films that should be less brittle and have lower Tg.  

 

However, plasticizers could not be used in this case because they also change the properties of 

the solid dispersion and therefore make them not comparable towards the well plate films. 

Additionally, the use of plasticizers would create a ternary system which is even more 

difficult to predict and evaluate.  
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Film casting has proven itself to be a useful alternative for the well plates as (partly) 

miniaturized screening method towards the solvent method. Easily removable films with 

appropriate thickness were obtained by this method, being ideal samples for further 

characterization. However, the dimension of miniaturization is much smaller by this method 

compared to the well plate method.  

4.3 FUSION METHODS 

Solid dispersions can be manufactured by different methods, of which solvent -and fusion 

methods are generally the most applied techniques. In fusion methods, generally a drug and 

excipients are heated up above their Tg or Tm in order to soften the carrier material. In this 

way, the drug can be more easily mixed to obtain a homogenous system. Hot Melt Extrusion 

(HME) is a technique that matches with the fusion method properties, as intensive mixing of 

raw materials occurs under raised temperatures. 

 

Efficient miniaturized methods have the advantage of being time-and resource saving, two 

main topics in pharmaceutical industries nowadays. Hot Stage Microscopy (HSM) is tested 

within the context of this subject as potential interesting miniaturized screening tool towards 

fusion methods, because it requires only small amounts of mixture to make fast visualization 

possible.   

 

This technique allows to visually follow thermal transitions in a mixtures. It could also be a 

useful tool for determination of drug-polymer miscibility. The instrument consists of 2 

separate units, a heating device and the actual polarized light microscope that can be used 

combined. 

 

A program was selected that heated the sample up to 160 °C. This temperature was chosen to 

be the limit, as extrusion processes rarely exceed 160 °C because of the risk for thermal 

degradation. Images were made for all mixtures at cold stage (28 °C), hot stage (160 °C) and 

from the obtained film after 12 hours under long term conditions (25 °C, 40%RH). The results 

are shown in table 4.10.  
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TABLE 4.10: HSM ON BINARY MIXTURES OF DRUG AND POLYMER (EUDRAGIT E PO). 

 Cold Stage Hot Stage Film after 12 h 

 
 
IND 20% 
 
 
 10x 1X 
     
Tm IND 
=161 °C 

   
 

 
 
CBZ 20% 
 
 10x 1X 
 
Tm CBZ= 
190 °C    

 

 
 
KTC   20% 
 
 10x 1X   
 
Tm KTC= 
151 °C    

 

 
 
GSF 20% 
 
 10x 1X 
 
Tm GSF= 
217 °C    

 

ITZ  5% 
 
 20x 1X 
  
Tm ITZ= 
167 °C 

   
 

With  IND= Indomethacin; CBZ= Carbamazepine; KTC= Ketoconazole; GSF= Griseofulvin; 

ITZ=Itraconzazole 
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Heating up the samples resulted in a specific behavior of the components in the mixture. At 

first, de-agglomeration of the polymer vehiculum occurred. For Eudragit E PO, it was noticed 

that this often starts at the polymers’ glass transition temperature (42 °C). De-agglomeration 

continued at higher temperatures, leading around 110 °C in a second transition with softening 

of the polymer material to a highly viscous melt.  

Afterwards, drug crystals started gradually to disappear for most drugs. At temperatures under 

140 °C, this could be explained by drugs dissolving in the softened polymer vehiculum. As 

temperatures reached 160 °C, most of the drugs crystals started melting because their melting 

point (Tm) had been exceeded. Eventually, for most of the mixtures a system is obtained in 

which the drug molecules are dissolved in the polymer vehiculum after reaching hot stage 

level. Only carbamazepine and griseofulvin mixtures still contained drug crystals in hot stage; 

as their Tm is significantly higher than the reached 160 °C. 

Although HSM provides valuable information about the components behavior at higher 

temperatures, it is not a perfect simulation for all fusion methods. If we compare with 

extrusion for example, there are more factors that influence the components behavior than 

only the temperature. Also the shear stress and the mixing steps have influence on the 

components and on the efficiency of drug dissolving into the softened polymer material. 

    

The idea originated to use HSM in a different way within this thesis subject. As fusion 

methods do not require the use of solvents, films prepared by these techniques are expected to 

have higher glass transition temperatures than those prepared by solvent methods. This is due 

to the lack of residual solvents in the film, which could act as plasticizers inside the polymer 

vehiculum. Preparation of solid dispersions by using the heating device (fusion method), and 

comparison of the thermograms  from these films with those prepared by the solvent method 

could give valuable information about the influence of the manufacturing technique on the 

residual solvents content of the systems.   

 

However, the HSM had some limitations for this purpose. The cover slits on which the 

polymer films were prepared could impossibly be removed from the film and therefore DSC 

measurements could not be performed. This shortcoming could be overcome by preparation 

of such films in a vial, who can be removed and analyzed after smashing the vial. This 

alternative route has not been executed in this thesis due to the lack of time for second DSC 

measurements, but it can be an interesting approach for further experiments.  
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4.4 CHARACTERIZATION OF SOLID DISPERSIONS 

4.4.1 Differential scanning calorimetry  

DSC measurements were performed on the casted films to characterize the solid state 

properties of the formulations, in order to receive data that could classify the obtained solid 

dispersion. It can give information about the physical state (crystalline, amorphous, 

molecularly dispersed) of each component in the formulation, and therefore make 

classification possible.  

 

 

FIG 4.3: COMBINED THERMOGRAM OF PURE DRUG AND POLYMERS  

 

Measurements have been done on each formulation obtained by film casting , as well as for 

the pure drugs and polymers in order have references for comparison. Table 4.11 and 4.12 list 

the results that were obtained from the thermograms. Fig 4.3 represents such a thermogram 

for the separate pure drugs and polymers.  

 

TABLE 4.11: DSC ANALYSIS OF PURE DRUGS AND POLYMER CARRIERS 

    FIRST HEATING    SECOND HEATING   

PURE COMPONENTS    Tg or Tm     T(°C)      Tg or Tm     T(°C) Type material 

Eudragit E PO         Tg  61         Tg            42 AMORPHOUS 

Kollidon VA 64         /          Tg           105 AMORPHOUS 
Carbamazepine        Tm 174         Tm                177 CRYSTALLINE 
Indomethacin        Tm 161         Tg            44 CRYSTALLINE 
Ketoconazole        Tm 151         Tg            43 CRYSTALLINE 
Itraconazole        Tm 167         Tg            58 CRYSTALLINE 
Griseofulvin        Tm 219         Tg            89 CRYSTALLINE 
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TABLE 4.12:  DSC ANALYSIS OF THE SOLID DISPERSIONS.  

     FIRST HEATING     SECOND HEATING 

  Tg or Tm         T(°C) Tg or Tm          T(°C) 

Carbamazepine 
Eudragit E PO 
DCM 

20% 
80% 
 

 
 Tm                         163 
 

 
  Tg                             30,7 
 

Carbamazepine 
Eudragit E PO 
Acetone/Ethanol 

20% 
80% 
 

 
  Tm                        169 
 

 
  Tg                    25,0 
            

Indomethacin 
Eudragit E PO 
DCM 

20% 
80% 
 

 
  Tg                 35,9 
 

 
  Tg                    37,8 
 

Indomethacin 
Eudragit E PO 
Acetone/Ethanol 

20% 
80% 
 

 
  Tg                         24,2 
 

 
  Tg                    30,3 
 

Ketoconazole 
Eudragit E PO 
DCM 

20% 
80% 
 

 
  Tg                28,6    
 

 
  Tg                   32,7 
 

Ketoconazole 
Eudragit E PO 
Acetone/Ethanol 

20% 
80% 
 

 
  Tg                 19,0 

 
  Tg                              27,7 
 

Griseofulvin 
Eudragit E PO 
DCM 

20% 
80% 
 

                     
  Tg                  85,6 
 

 
  Tg                              73,2 
 

Griseofulvin 
Eudragit E PO 
Acetone/Ethanol 

20% 
80% 
 

          
  Tm                 185 
 

 
  Tg                              66,3 
 

Itraconazole 
Eudragit E PO 
DCM 

20% 
80% 
 

 
   Tg                        40,1 
 

 
  Tg                   38,2 

Itraconazole 
Eudragit E PO 
Acetone/Ethanol 

20% 
80% 
 

 
   Tg                        35,5 
 

 
  Tg                   37,1 
 

 

 

Table 4.11 and 4.12 were combined for determination of the type of solid dispersions, formed 

by film casting. Table 4.12 shows that most of the formulations have no melting point in their 

thermogram, except for those with griseofulvin and carbamazepine, which indicates that most 

of these solid dispersions are glassy solutions (drug molecularly dispersed in an amorphous 

carrier) or type V glass suspensions (amorphous drug clusters in an amorphous carrier). If the 

drug is molecularly dispersed in the carrier material, only one Tg should appear in the 

thermogram. This is the case for the itraconazole, ketoconazole and indomethacin 

formulations. Therefore, it is likely that these formulations appear as glassy solutions. 

However, the Tg’s for carbamazepine and ketoconazole lie in the range of the Tg of the 

polymer, and so there is the possibility that they overlap.  
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Figure 4.4 shows the combined thermograms for indormethacin.  

 

 

FIG 4.4: COMBINED THERMOGRAM FOR INDOMETHACIN FORMULATIONS IN RESPECT TO 

THE PURE DRUG. The melting peak disappears in the formulation, and each formulation has only one 

Tg, indicating a molecularly dispersed drug.   

 

Another indication that could be used towards glass solutions is the fact that molecularly 

dispersed drugs often act as plasticizers for the polymers, therefore lowering the glass 

transition temperature of the system.  

 

The Gordon-Taylor equation could be considered for calculation of theoretical glass transition 

temperatures of binary (polymer) mixtures. It roughly says that the Tg of a binary mixture 

should be somewhere in between the Tg’s of the separate components, in respect to their mass 

fraction and the amorphous density of this components (Van den Mooter et al., 2001). 

Calculation of these values, and comparing them towards the experimentally obtained Tg’s 

could reveal if there is a plasticizing effect by molecularly dispersed drugs or not.  

 

The thermogram for griseofulvin (GSF) in the acetone-ethanol formulation shows a melting 

peak, indicating that re-crystallization occurred (table 4.12). This could be expected from the 

results of the casted films in table 4.9. However, the Tm deviates from the Tm of pure 

griseofulvin, meaning that polymorphism could have occurred during the re-crystallization 

process or some interactions between the lattice structures and the polymer carrier were 
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formed , therefore lowering the amount of energy necessary to break this lattice structures 

(reflects in a lower Tm). XRPD measurements in parallel with this data could be a powerful 

tool to reveal which assumption is more likely, as polymorphisms can be easily detected by 

this technique, comparing it towards a sample of the pure drug.  

 

 

 

FIG. 4.5: COMBINED DIFFRACTOGRAMS FOR PURE GSF AND THE GSF-EUDRAGIT E PO 

FORMULATION. 

 

The XRPD measurement (fig. 4.5) show that the crystalline peaks for pure GSF and the re-

crystallized GSF in the solid dispersion have overlap at specific 2θ angles. Therefore, it can 

be concluded that the assumption of polymorphic change was wrong. The drug crystals in the 

formulation are of the same polymorphic form as those of the pure GSF. This experiment has 

proven that XRPD measurements in parallel with DSC offers lot of perspectives, and gives a 

powerful data set for characterization of solid dispersions. 

 

DSC measurements were also applied for evaluating residual solvent content in solid 

dispersions. Residual solvents have to be reduced to a minimum in solid dispersions due to 

toxicity-risks and their plasticizing effect, therefore lowering the systems viscosity. High 

viscosity contributes to the kinetic stabilization of the formulations, so low residual solvent 

contents are desired for maintenance of the stabilization.  
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Preliminary investigations were done towards the influence of the applied preparation 

technique (solvent methods versus fusion methods) on the residual solvent content of the solid 

dispersions.  

 

Table 4.13 compares the glass transition temperatures after second heating for formulations 

prepared by the solvent method with those prepared by a fusion method (e.g. DSC 

measurement of the physical mixtures). It reveals lower Tg’s for solid dispersions prepared by 

film casting, what could be explained by the residual solvents in films prepared by solvent 

methods. Also, a deviation in Tg was observed between formulations made with the different 

solvents. In comparison with the physical mixtures, the solid dispersions prepared with 

acetone-ethanol (1:1) show a larger decrease in Tg than those prepared with DCM. This could 

reflect to an inappropriate drying procedure, or could be a property of the used solvent (if 

there is stronger interaction of the components with one solvent for example, it will be harder 

to evaporate all solvent molecules during drying). Further investigations should be performed 

towards the influence of the preparation technique on the residual solvent content of the films, 

as residual solvent could strongly affect the solid dispersions stability.   

 

TABLE 4.13: ASSUMPTION TOWARDS RESIDUAL SOLVENT CONTENT BASED ON GLASS 

TRANSITION TEMPERATURES.   

  Tg 2
nd

 heating    

DCM 

(°C) 

Tg 2
nd

 heating 

Acetone/Ethanol 

(°C) 

Tg 2
nd

 heating Physical 

mixtures (°C) 

ITZ 
Eudragit E PO 

20%             
80%  

38,2 37,1 40,6 

IND 
Eudragit E PO 

20%  
80%  

37,8 35,9 41,5 

KTC 
Eudragit E PO 

20%  
80%  

32,3 27,7 37,2 

GSF 
Eudragit E PO 

20%   
80% 

73,2 66,3 77,9 

CBZ 
Eudragit E PO 

20% 
80% 

30,7 25,0 35,7 

 

4.4.2 X-ray powder diffraction   

XRPD analysis is often performed in parallel with thermal analysis (DSC). The technique 

could be used within this paper to follow the stability of the obtained solid dispersions, and to 

obtain additional data next to DSC for the differentiation between solid dispersion types.  
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One specific formulation (Povidone K30 80% - carbamazepine 20% - dichloromethane) that 

showed tendency for re-crystallization in well plates under stress conditions (see table 4.7) 

was measured twice a day. Hereby, the evolution of the re-crystallization process in function 

of time was followed (see figure 4.6).  

 

 

 

FIG 4.6: X-RAY DIFFRACTION PATTERN of Povidone K30 (a), Carbamazepine (b) and the solid 

dispersions prepared by solvent method after storage at 0hr (c), 24hr (d), 48hr (e) and 144hr (f) at stress 

conditions (40 °C/75RH).  

 

The diffractogram shows increasing crystalline peaks in function of time, meaning that the 

crystalline content in the formulation increases with time. The angle at which the peaks 

appear in the diffraction patterns for the solid dispersions are shifted compared to those from 

the pure carbamazepine. 

This could indicate polymorphism, since crystalline solid phases have unique XRPD patterns 

and carbamazepine has been proven to have a tendency for polymorphism. (Rustichelli et al., 

2000). The re-crystallization process inside the formulation could have led to the formation of 

different lattice structures, therefore resulting in peaks at different angles than the original 

drug polymorph.  
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In chapter 4.2.4 table 4.8 exposed the lower stability of formulations prepared with Povidone 

K30, possibly due to its higher hygroscopicity. Figure 4.6 shows that these formulations have 

the tendency to re-crystallize by storage under higher temperatures (40 °C) and higher relative 

humidity (75%RH), so it is likely that these storage conditions influence the formulation its 

stability. However, the diffraction pattern at 0 h of storage under these conditions showed also 

small peaks. This detected crystalline content directly after preparation could anyhow be a 

result of phase separation due to immiscibility in the liquid state (before drying), a process 

that could continue and be enhanced by previously mentioned storage conditions.  

 

Further investigations are nevertheless recommended in order to receive more data for 

proving the assumptions on both the polymorphism and hygroscopicity.  

4.4.3 Oscillating Rheology  

The viscosity of the carrier greatly contributes to the kinetic stabilization of solid dispersions. 

Oscillating rheology was considered as potential characterization technique for the influence 

of the systems viscosity on this stabilization. Preliminary tests were performed on solid 

dispersion films of one formulation, to see if reproducible results could be obtained. Fig 7.4 

and 7.5 in the appendix show examples of the obtained data.  

 

Unfortunately, preliminary results showed that no reproducible data could be obtained with 

the selected method parameters. As many parameters can influence/optimize the 

measurement, further investigation is necessary in order to find the optimal process 

parameters for obtaining reproducible results. Adaptations in temperature -rate, frequency and 

amplitude of the oscillation, and set force applied on the sample can be made in order to find 

optimal parameters. The technique carries much potential as characterization method for the 

solid dispersions kinetic stabilization and could be a challenging topic for a next thesis.  

4.4.4 Dissolution Tests  

Previous characterization -methods focused on the components properties inside the solid 

dispersions. Since solid dispersions are investigated for usage as a dosage form, the 

formulations behavior regarding drug dissolution should also be investigated. The purpose 

was to apply a dissolution test, that contributes to the main idea of this thesis: ‘miniaturization 

of methods’.  Literature (Wyttenbach et al., 2013) has been consulted for the experimental 

design of this dissolution test, leading to the set up as described in 3.2.4.4.     
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A 0.1 M HCl solution was used as dissolution media, since the carrier (Eudragit E PO) does 

not dissolve in water (see table 4.3). Frequently, solid solutions have a tendency to form 

supersaturated solutions after dissolution of the carrier material. This should reflect in the 

dissolution profile to values that exceed saturation concentration (Cs) of the drugs. For 

griseofulvin, the Cs in water was already experimentally determined as 20 mg/L.   

Additionally, solid dispersions containing high load of drug crystals were produced in new 

well plates by inducing the re-crystallization process. This was done by adding some 

crystalline griseofulvin “dust” in the bottom of the well plate holes, therefore triggering 

nucleation. These formulations were expected to reach dissolution profiles that do not exceed 

the Cs. 

 

 

FIG 4.7: DISSOLUTION PROFILES FOR GSF 20% / EUDRAGIT E PO 80%. 

 

Figure 4.7 presents the obtained dissolution profiles for formulations of GSF in Eudragit E 

PO with 20% drug load. Data obtained from this figure indicates that the concentration of 

GSF in the dissolution media would be in a range around 2 mg/L, what is only 10% of the 

experimentally determined CS. These low values could be explained by some limitations of 

the applied miniaturized dissolution test. No stirring was done during the dissolution process 

and the films were only exposed to the dissolution medium at one side, leading to an 

incomplete dissolution process during the 120 minutes. In the research of Wyttenbach 

(Wyttenbach et al., 2013), there were stirring bars available for the well plate holes, next to 

sealing caps so that mixing could be done during the whole dissolution process. This should 

lead to a faster dissolution process.  
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Although it is clear that the dissolution process was incomplete at the measuring points, the 

dissolution patterns in Fig 4.7 are not in line with this assumption. In case of incomplete 

dissolution, the curves could not show peak concentrations after 15 min followed by lower 

concentrations at later measuring points. There should be a curve that gradually increases in 

time. This unexpected dissolution patterns could not be explained with the current data.  

In the case of this problem, longer dissolution times (e.g. 3 days) would possibly lead to the 

expected Cs for GSF, and should therefore been tested.  

 

If Cs for GSF is reached after longer dissolution time, it is very likely that the limitations of 

the miniaturized dissolution method are the reason of the lower concentrations than expected 

after 120 min. Changes in the method could then lead to the expected values, as mentioned 

before and in the paper of Wyttenbach.  

 

If in the crystalline sample (Fig.4.7) only 0.25 mg of drug can dissolve in the polymer (for 

example) or be incorporated as amorphous clusters, than it is likely that only this amount 

could dissolve in the 0.25 ml of media after 120 min (regarding the poor dissolution of 

crystalline drug in this limited circumstances). The sample (0.2ml) could only contain 0.20 

mg of drug at that moment, leading to concentrations around 0.20 mg/100 ml. The higher 

concentrations for the non-crystalline samples (Fig. 4.7) could be explained by an 

oversaturated system of drug in the polymer, therefore leading to a higher amount of 

dissolved drug (>0.25mg) in the dissolution media.  

 

This miniaturized dissolution tests can be done as there is a significant difference between 

both samples. However, the method is not valid yet. This could be concluded out of an 

incomplete drug dissolution in the selected time range,  the large error balks and the presence 

of a unexpected curve-shape.  

 

Additional experiments containing longer dissolution processes (e.g. 3 days) should be 

performed to verify if the actual Cs of the GSF can be reached, and for validation of the 

method.  
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5 CONCLUSION 

Miniaturization is a necessary tendency in pharmaceutical development nowadays. This work 

made an approach towards this topic, by developing a system that consists out of combined 

and miniaturized screening steps for solid dispersion preparation and characterization.  

 

     

 

 

 

 

 

 

  

 

   -Polymer screening 

   -Solvent screening 

   -Drying procedure screening 

 

  

 

 

 

 

                                                        -Polarized Light Microscopy 

                                                                -DSC 

  -XRPD 

                                                                  -Dissolution Tests 

                                                              -Oscillating Rheology 

 

 

FIGURE 5.1: FLOW CHART: MINIATURIZED SOLID DISPERSION PREPARATION AND 

CHARACTERIZATION. 
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The use of solubility parameters as prediction tool for stabilizing drug-polymer combinations 

showed promising results, when combined with further miniaturized screening tools to make a 

final decision for the formulation.  

 

Solid dispersion preparation by using the solvent method, as well as its characterization can 

be done in well plates. This technique allows a fast screening of rationally selected            

drug-polymer combinations, requiring low amounts of drug.  

  

Film casting in a slightly modified way was applicable for preparation of easy removable 

solid dispersions with a larger surface, a requirement for most of the characterization 

techniques. However, in contrast with the well plate method it is more material and time 

consuming. 

 

Preliminary experiments showed that residual solvents in films prepared by the solvent 

method could have an influence on the long term stability of solid dispersions. Therefore, the 

solvent screening and drying procedure should be further investigated to complement the first 

results obtained in this study.   

 

Hot stage microscopy has proven its value in the miniaturized investigation of fusion 

methods. The technique makes it able to visualize the thermal effects of an extrusion process 

on the formulation, and estimate the miscibility of drug and polymer what is an important 

prerequisite in obtaining homogenous formulations.  

 

The aim should be the birth of a protocol that could be easily followed and applied. Although 

this research contained much preliminary experiments and led to some assumptions, it created 

a foundation for the miniaturized screening towards solid dispersions. It can be used as basis 

for further elaboration on the screening steps to convert this raw model towards an applicable 

system.  
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Water 
(100%) 

Acetone 
(100%) 

Ethanol 
(100%) 

Acetone/Ethanol 
(50%:50%) 

Isopropanol (2-
propanol)(100%) 

Ethylacetate 
(100%) 

DCM 
(Dichloromethane) 

(100%) 

Water-
Ethanol 

(90%; 10%) 

PEG 6000                  

10mg/ml (1%) S IS IS IS IS IS S S 

100mg/ml(10%) S           S S 

250 mg/ml (25%)  S           S S 

Soluplus®                 

10mg/ml (1%) S S S S S S S S 

100mg/ml(10%) S S S S S S S S 

250 mg/ml (25%)    S S S S S S S 

Eudragit E PO                  

10mg/ml (1%) IS S S S S S S IS 

100mg/ml(10%)   S S S S S S IS 

250 mg/ml (25%)    S S S S S S   

Eudragit L 100-
55                 

10mg/ml (1%) IS S S S S IS IS IS 

100mg/ml(10%)   S S S S IS IS   

250 mg/ml (25%)    S S S  S   IS   

Eudragit L 100                  

10mg/ml (1%) IS S S S S PS IS IS 

100mg/ml(10%)   S S S S IS IS   

250 mg/ml (25%)    S S S  S   IS   

S= Soluble 
IS= Insoluble  
S = very viscous solution 
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Kollidon® VA 64                 

10mg/ml (1%) S S S S S S S S 

100mg/ml(10%) S S S S S S S S 

250 mg/ml (25%)    S S S S S S S 

 Povidone-K30                  

10mg/ml (1%) S S S S S IS S S 

100mg/ml(10%) S S S S S IS S S 

250 mg/ml (25%)  S S S S S  IS S S 

HPMC:  
Pharmacoat 
606                 

10mg/ml (1%) S IS IS IS IS  IS  IS S 

100mg/ml(10%) S             S 

HPMC-AS-MF                 

10mg/ml (1%) PS S IS S IS S S IS 

100mg/ml(10%)   S   S   S S   

250 mg/ml (25%)    S   S    S S   

HPMCP-HP 55                 

10mg/ml (1%) IS S IS S IS IS S IS 

100mg/ml(10%) IS S IS S IS IS IS IS 

CAP                 

10mg/ml (1%) IS S IS S IS IS IS IS 

100mg/ml(10%)   S   S         

Kollicoat® IR                 

10mg/ml (1%) S IS IS IS IS IS IS S 

100mg/ml(10%) S             S 

S= Soluble 
IS= Insoluble  
S = very viscous solution 
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Kollicoat® 
Protect                 

10mg/ml (1%) S IS IS IS IS IS IS S 

100mg/ml(10%) S             S 

Kollicoat® MAE 
100 P                 

10mg/ml (1%) PS IS S S IS IS IS S 

100mg/ml(10%)     S S         

250 mg/ml (25%)        IS          

Kollicoat®K12                 

10mg/ml (1%) S S S S S IS S S 

100mg/ml(10%) S S S S S IS S S 

250 mg/ml (25%)  S S S S  S   S S 

 Kollidon®SR                 

10mg/ml (1%) IS S IS S IS IS S IS 

100mg/ml(10%)   S   S     S   

250 mg/ml (25%)    S   S     S   

Poloxamer 188                 

10mg/ml (1%) S S IS S     S S 

100mg/ml(10%) S S   S IS IS S S 

250 mg/ml (25%)  S S   S     S S 

S= Soluble 
IS= Insoluble  
S = very viscous solution 
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FIGURE 7.1: COMBINED SPECTRA FOR ACETONE, ETHANOL AND ACETONE ETHANOL:  

Absorbance in function of the wavelength (195-500nm). It shows that Acetone is the major contributor to 

the high absorbance of the Acetone-Ethanol (1:1) mixture in the wavelength range of 200-300 nm.  

 

   

FIGURE 7.2: UV-VIS SPECTRUM FOR PURE METHANOL (200-500 nm). It shows that the use of 

methanol as solvent will not interfere with the absorbance determination of the drugs in the region of 

interest (200-300 nm).  

 

 

 

FIGURE 7.3: UV-VIS SPECTRA FOR CARBAMAZEPINE AND KETOCONAZOLE IN METHANOL. 

This spectra revealed the λmax for carbamazepine and ketoconazole at 254 nm and 240 nm respectively.  
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FIG 7.4: ELASTIC AND VISCOUS SHEAR MODULUS OF  KETOCONAZOLE/EUDRAGIT E PO 

(2:8) FILM IN FUNCTION OF THE TEMPERATURE.  

 

 

FIG 7.5: ELASTIC AND VISCOUS SHEAR MODULUS OF THE SAME FILMS AS IN 7.4   
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